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Abstract  

The objective of this study was to investigated the effects of chemical and/or biological 

treatment of rice straw on chemical composition, in vitro gas production and fermentation using in 

vitro gas production technique. The experiment followed the completely randomized design (CRD) 

with eight treatments as follow; T1 = rice straw (RS), T2 = 5% molasses treated rice straw (MTRS), 

T3 = 5% urea treated rice straw (UTRS), T4 = 5% molasses + 5% UTRS (MUTRS), T5 = yeast + 

5% MTRS (YMTRS), T6 = loog - pang sato + 5% MTRS (LMTRS), T7 = yeast + 5% molasses + 

5% UTRS (YMUTRS) and T8 = loog - pang sato + 5% molasses + 5% UTRS (LMUTRS), 

respectively. All rice straw treatment (three replicates) were ensiled in a plastic box at room 

temperature for 14 days, then sampling for dried and used for chemical analysis and in vitro gas 

production technique. It was found that the chemical composition, in vitro gas production, and 

estimated rumen fermentation parameters in YMUTRS and LMUTRS treatments were higher than 

those other treatments (P<0.01). Therefore,  the combination of chemical and biological treatment of 

rice straw could improve its nutritive value for suitable use as ruminant feed. 

 

Key words: chemical composition, loog, pang sato, rice straw treatment, rumen fermentation, yeast 

Introduction 

Rice straw is an abundant crop 

residue after harvesting in most rice 

producing countries. Most of the remaining 

straws can be removed from the field, left 

undisturbed to serve as mulch, ploughed into 

the ground to add nutrients to the soil, or burnt. 

Open filed burning of rice straw is a 

conventional method of straw disposal but 

causes environmental pollution by increasing 

the amount of greenhouse gas in the air 

(Oladosu et al., 2016, Zayed, 2018). 

Alternative rice straw management option as 

animal feed production is upgrading the value 

chain of rice straw-byproducts. The utilization 

of rice straw by ruminants is possibly the most 

efficient means of conversion of this residue to 

overcome problems of pollution through slow 

breakdown or burning. This means of disposal 

overcomes problems of collection and 

transportation as the straw is used on the farm 

and useful products such as draught power, 

meat, milk and manure are produced (Doyle et 

al., 1986).  

In the tropical countries, rice straw 

could be considered as predominant feed 

resources for ruminant animal during long dry 

seasons when the availability of pasture 

decreases and other roughage are inadequate 

for livestock production (Wanapat et al., 2009, 

Zayed, 2018, Lunsin et al., 2018). However, 

feeding only rice straw does not provide 

enough nutrients to the ruminants to maintain 

high production levels due to the low nutritive 

value of this highly lignified material 

(Sarnklong et al., 2010). The high level of 

lignification and silicification, the slow and 

limited ruminal degradation of the 

carbohydrates and the low content of nitrogen 

are the main deficiencies of rice straw, 

mailto:ratchataporn.l@ubru.ac.th
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affecting its value as feed for ruminants (Van 

Soest, 2006). Therefore, promoting the use of 

rice straw in ruminant diets, strategies are 

needed to improve its nutritive value and 

digestibility. Various methods of physical, 

biological, and chemical treatments have been 

investigated, including supplementation with 

other feed stuffs or components in order to 

improve the utilization of rice straw by 

ruminants (Sarnklong et al., 2010). Physical 

methods such as grinding, pelleting/ chopping 

for reducing particle size, soaking, steam 

treatments, and cooking under pressure could 

improve their feeding value (Selcuk et al., 

2016). Biological treatment of rice straw 

involves the use of enzymes and different 

microorganisms, such as bacteria and fungi 

(Aquino et al., 2020), which have been reported 

to improve the accessibility of cellulosic 

fractions, thus improving their digestibility and 

feeding value (Mahesh & Mohini, 2013). 

Likewise, chemicals used to improve the 

utilization of rice straw such as alkali agents 

including sodium hydroxide ( NaOH), 

ammonia ( NH4 ) and urea, which have been 

most widely investigated and practically 

accepted for application on farms ( Abd El-

Razik et al.,  2 0 1 2).  Urea treatment is a 

conventional alkaline agent that has been used 

to enhance nutritional quality by destroying 

fiber structure and increasing the non-protein 

nitrogen (NPN) content of rice straw 

(Sarnklong et al., 2010, Sheikh et al., 2014), 

resulted in enhance ruminal fiber digestibility 

(Gunun et al., 2013; Zhang et al., 2019) 

Moreover, using a mixture of urea and 

molasses has the advantage of reducing strong 

odor of free ammonium or ammonium 

carbonate and treatment time, leading to 

improve palatability and energy content to 

maximize advantage as readily available source 

of energy for rumen microorganisms for better 

utilization of ammonia nitrogen (NH3-N) for 

protein synthesis (Sheikh et al., 2017).  

Therefore, we hypothesis that the use of 

chemical and biological treatments 

combination with molasses is expected to have 

a synergistic effect on the nutritive 

improvement of rice straw. Although extensive 

studies have been reported on using different 

strains of microorganisms and urea treatment to 

improve the nutritive value of rice straw, the 

information available on using microorganisms 

such as yeast and traditional microorganisms in 

combination with or without urea and molasses 

is very scarce. So, the present study was 

undertaken to assess the effect of biological 

treatment (yeast, Saccharomyces cervices or 

traditional microorganisms, loong-pang sato), 

chemical treatment (urea), molasses, and their 

combinations on the chemical composition and 

in vitro rumen fermentation of rice straw using 

in vitro gas production techniques. 

 
Materials & Methods 

Experimental design and treatments 

This experiment was conducted using 

an in vitro gas production technique, followed 

the completely randomized design (CRD) with 

eight treatments and three replicates were 

performed for all treatments. The experimental 

treatments were as fallow; T1 = rice straw (RS), 

T2 = 5% molasses treated rice straw (MTRS), 

T3 = 5% urea treated rice straw (UTRS), T4 = 

5% molasses + 5% urea treated rice straw 

(MUTRS), T5 = yeast + 5% molasses treated 

rice straw (YMTRS), T6 = loog - pang sato + 

5% molasses treated rice straw (LMTRS), T7 = 

yeast + 5% molasses + 5% urea treated rice 

straw (YMUTRS) and T8 = loog - pang sato + 

5% molasses + 5% urea treated rice straw 

(LMUTRS), respectively. 

 

Biological and chemical treatments of rice 

straw, and chemical analysis 

The chemical treatment of rice straw 

with urea and/or molasses was conducted 

according to the method of Lunsin et al. (2012). 

Liquid solution of urea and/or molasses was 

prepared by dissolved 0.5 kg of urea and/or 0.5 

kg of molasses with 10 liters of distilled water, 

then the relevant volume of solution was 

sprayed onto a 10 kg (DM basis) of rice straw 

for the treatment of 5% molasses treated rice 

straw (T2, MTRS), 5% urea treated rice straw 

(T3, UTRS), and 5% molasses + 5% urea 

treated rice straw (T4, MUTRS), respectively. 

As for the biological treatment of rice straw, it 

was taken to treated with yeast or loog-pang 

sato and molasses with or without urea. The 

methods of yeast or loog-pang sato solution 

were based on the method described by 
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Khampa et al. (2011), briefly; dissolved 0.2 kg 

of yeast (Saccharomyces cerevisiae) or loog-

pang sato with 0.2 kg of sugar in 100 ml of 

distilled water, then mixed and incubated at 

room temperature for 10 minutes. (A). Medium 

solution was prepared by dissolved 0.5 kg of 

molasses with or without 0.5 kg of urea in 10 

liters of distilled water, and incubated at room 

temperature for 10 minutes (B). Then, remove 

yeast or long-pang sato media solution (A) into 

a medium (B) and continue incubated at room 

temperature for 24 hours. After 24 hours of 

incubation, then transfer 10 liters of yeast or 

long-pang sato media solution mixed with 10 

kg (DM basis) of rice straw for the treatment of 

yeast + 5% molasses treated rice straw (T5, 

YMTRS), loog - pang sato + 5% molasses 

treated rice straw (T6, LMTRS), yeast + 5% 

molasses + 5% urea treated rice straw (T7, 

YMUTRS) and loog - pang sato + 5% molasses 

+ 5% urea treated rice straw (T8, LMUTRS), 

respectively. 

After the rice straw mixed well with the 

solution mention above, the mixed materials 

were then packed in plastic boxes, sealed with 

plastic sheeting covered, and left undisturbed at 

room temperature for 14 days before using in 

the in vitro gas production study and chemical 

analysis. Samples of rice straw (T1) and treated 

rice straw (T2-T8) were analyzed for dry matter 

(DM), ash, crude protein (CP) and ether extract 

(EE) contents according to AOAC (1998). 

Fiber contents, neutral detergent fiber (NDF) 

and acid detergent fiber (ADF), were 

determined using the detergent analysis method 

described by Van Soest et al. (1991). 

 

In vitro gas production technique 

The in vitro fermentation was carried 

out according to the technique described by 

Menke et al  .( 1979 . ) Two crossbred ( 75  %

Holstein-Friesian) lactating dairy cows used as 

rumen fluid donors were individually penned, 

and provided with clean fresh water and 

mineral-salt blocks ad libitum . The animals 

were fed with rice straw as roughage ad libitum 

and the concentrate was fed at a ratio of milk 

yield to concentrate of 2:1 for 7 days before the 

rumen fluid was collected through a suction 

pump. The rumen fluid was collected before 

morning feeding and subsequently filtered 

through four layers of cheesecloth into pre -

warmed thermos flasks, involving flushing 

with CO2.  Artificial saliva was prepared 

according to Menke & Stein (1988). The 

artificial saliva and rumen fluid were mixed in 

a proportion of 2:1 to make the rumen inoculum 

at 39°C under CO2 atmosphere. The rumen 

inoculum (30 ml) was transferred into each 

sample bottle containing 200 mg of substrate 

treatments, sealed with rubber stoppers and 

aluminum caps, then incubated in a hot air oven 

at 39°C for 96 hours. 

The volume of gas production was 

recorded on 2, 4, 6, 8, 12, 18, 24, 36, 48, 72 and 

96 hours of incubation. Cumulative gas 

production data were fitted to the model 

described by Ørskov & McDonald (1979). 

 

Y = a+b (1 – ect) 

 

  Where, Y is gas volume (ml) at time ‘t’, 

a is gas production from the immediately 

soluble fraction (ml), b is gas production from 

the insoluble fraction (ml), (a+b) is potential 

extent of gas production (ml), c is rate of gas 

production (ml/hour), t is incubation time 

(hour).  

Metabolizable energy (ME, MJ/Kg 

DM) and organic matter digestibility (OMD, 

%) were estimated according to the equations 

of roughage described by Menke & Steingass 

(1988), and short chain fatty acids (SCFA) was 

calculated by equation of Getachew et al. 

(1999) as follows: 

 

ME =  2.20 + 0.1357*GP + 0.0057*CP + 

0.0002859*EE2 

 

OMD =  14.88 + 0.8893*GP + 0.448*CP + 

0.651*XA 

 

SCFA = 0.0239*GP – 0.0601 

 

Where, GP is net gas production at 24 

hours (ml/200mg, DM), and CP, EE and XA 

are crude protein, either extract and ash 

(%DM), respectively. 

Statistical analysis 

All data were subjected to statistically 

analysis according to Completely Randomize 

Design (CRD) using the General Linear Model 
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(GLM) of SAS (2006). Differences among 

means were tested using Duncan's new multiple 

range test ( Steel & Torrie, 1980 ) with P<0.05 

accepted as representing a statistically 

significant difference . 

 

Results 

Chemical composition  

The chemical composition of 

experimental diets is presented in Table 

1. There were significant differences between 

chemical compositions of untreated and treated 

rice straw with chemical and biological 

treatments. It was found that rice straw (RS, 

T1) had significantly higher (P<0.01) in dry 

matter (DM), ash, organic matter (OM) and 

fiber contents (NDF, ADF and ADL) whereas 

crude protein (CP) and ether extract (EE) 

contents were significantly lower (P<0.01 and 

P<0.05) when compared with treated rice straw 

(T2-T8). For the treated rice straw, there were 

variations in DM and ether extract (EE) 

contents, and the lowest DM contents were 

observed in treatment of yeast + 5% molasses 

+ 5% urea treated rice straw (T7, YMUTRS) 

and loog - pang sato + 5% molasses + 5% urea 

treated rice straw (T8, LMUTRS) with 36.3 and 

37.9%, respectively, whereas EE content was 

highest in molasses treated rice straw (T2, 

MTRS) (P<0.01). The highest CP contents 

ranged from 9.6 and 9.7% were observed in 

treatment of YMUTRS (T7) and LMUTRS 

(T8). The ash and OM contents of treated rice 

straw were lower than RS (P<0.01), whereas 

ash and OM contents were similar among all 

treated rice straw treatments and ranged from 

12.5 to 13.2% and 68.8 to 87.5%, respectively. 

 

In vitro gas production and fermentation 

parameters 

Gas production volumes, kinetic of gas 

production, estimated values of organic matter 

digestibility (OMD), metabolizable energy 

(ME) and short chain fatty acids (SCFA) are 

illustrated in Table 2. It was found that RS had 

highly significantly (P<0.01 ) lower values of 

gas volumes (ml/0.2 grams DM), gas kinetics 

(a, b, c, and |a|+b), and estimated fermentation 

parameters (OMD, ME, and SCFA) than those 

of treated rice straw. The gas volume, gas 

kinetics, and estimated fermentation 

parameters were significantly increased with 

biological and chemical treatment of rice straw, 

being highest in YMUTRS (T7) and LMUTRS 

(T8).  

 

Discussion 

In this experiment, rice straw 

comprises  83.4 % DM with 89.2% OM, 4.4% 

CP, 0.9% EE, 77.9% NDF, 51.9%  ADF, and 

25.3% ADL, on DM basis (Table 1). These was 

similar to Polyorach et al. (2017) reported that 

rice straw contained 92.5-93.6% DM with 86.9-

92.6% OM, 5.4-10.5% CP, 1.0-1.3% EE, 67.1-

77.4% NDF, 41.2-56.6% ADF, and 12.1-29.4% 

ADL, on DM basis. Variations in the nutritive 

value of rice straw may be due to the variety of 

rice species, harvesting season, harvesting 

time, planting area, and etc. (Polyorach et al., 

2017). The biological and chemical treatment 

could increase CP content of rice straw while 

fiber content (NDF, ADF, and ADL) was 

decrease in all treated rice straw (T2-T8) 

compared with RS (T1). The increase observed 

in the CP content of yeast or loog – pang sato, 

urea and molasses treated rice straw (T7 and 

T8) may probably be due to the greater 

availability of nitrogen form hydrolysis of urea 

(Almeida et al., 2019) and subsequently 

increase the nitrogen content of treated rice 

straw. Moreover, urea treatment enhanced the 

nitrogen content of lignocellulosic materials 

and consequently free ammonia was released, 

which reacted with the lignocellulosic materials 

by reducing cell wall components (NDF and 

ADF ) and thus improved the feeding value of 

agricultural by- products (Lunsin et al., 2018). 

Furthermore, the decrease in fiber fractions 

(NDF, ADF) may be caused due to cellulase 

enzymes secreted by microbial inoculants 

(Akinfemi et al., 2010). These are in agreement 

with Zayed ( 2018)  who found that moistened 

rice straw inoculated with  
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Table 1 Effect of chemical and biological treatments on chemical composition of rice straw 

Treatment DM  Ash OM CP EE NDF ADF ADL 

 (%) ...................................... (% DM) ....................................... 

T1 (RS) 83.4a 10.8a 89.2a 4.4e 0.9e 77.9a 51.9a 25.3a 

T2 (MTRS) 42.7b 12.5b 87.5b 6.6c 2.2a 75.1b 46.3b 24.4ab 

T3 (UTRS) 44.5b 13.0b 87.0b 7.7b 1.1e 73.6bc 42.8bc 20.0bc 

T4 (MUTRS) 40.0c 12.6b 87.4b 7.6b 1.3d 73.0cd 45.1b 21.1abc 

T5 (YMTRS) 38.1ad 12.8b 87.2b 6.2d 1.3d 70.3ef 43.1b 22.3abc 

T6 (LMTRS) 39.6c 12.9b 87.1b 6.3d 1.5cd 71.2de 42.3bc 23.5abc 

T7 (YMUTRS) 36.3d 13.0b 87.0b 9.6a 1.7b 69.5ef 38.9c 18.8c 

T8 (LMUTRS) 37.9d 13.2b 86.8b 9.7a 1.6bc 68.4f 40.4bc 19.0c 

SEM 0.57 0.45 0.45 0.58 0.54 0.53 0.40 0.32 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 

T1 (RS) = rice straw (untreated rice straw), T2 (MTRS) = 5% molasses treated rice straw, T3 (UTRS) 

= 5% urea treated rice straw, T4 (MUTRS) = 5% molasses + 5% urea treated rice straw, T5 (YMTRS) 

= yeast + 5% molasses treated rice straw, T6 = loog - pang sato + 5% molasses treated rice straw, T7 

(LMTRS) = yeast + 5% molasses + 5% urea treated rice straw (YMUTRS), T8 (LMUTRS) = loog - 

pang sato + 5% molasses + 5% urea treated rice straw, a, b, c = Mean values within columns 

superscripted with different lowercase letters are significantly (P<0.05) different, SEM=standard 

error of the mean. 

 

Table 2 Effect of chemical and biological treatments on gas production, gas kinetics, metabolizable  

energy and organic matter digestibility of rice straw 

Treatment 

Gas volume 

 (ml/0.2 

grams DM) 

Gas kinetics ME  

(MJ/kg 

DM)  

OMD 

(%) 

SCFA 

 (mmol) 
a 

(ml) 

b 

(ml) 

c 

(ml/h) 

|a|+b 

(ml) 

T1 (RS) 42.0e -0.7a 60.6d 0.013d 61.3d 4.2e 36.6e 0.28e 

T2 (MTRS) 48.0d -1.1ab 66.7c 0.014cd 67.8c 4.5d 41.1d 0.35d 

T3 (UTRS) 51.1b -2.1d 68.8abc 0.016ab 70.9ab 4.8bc 43.3b 0.38bc 

T4 (MUTRS) 50.6bc -1.5c 69.7ab 0.015bc 71.3ab 4.7cd 42.4bc 0.37cd 

T5 (YMTRS) 49.2cd -1.2b 68.1bc 0.014cd 69.2bc 4.6cd 41.7cd 0.36cd 

T6 (LMTRS) 48.4d -0.9ab 67.6bc 0.014cd 68.5bc 4.6cd 41.6cd 0.36cd 

T7 (YMUTRS) 53.6a -2.0d 71.0a 0.017a 72.9a 5.0a 45.7a 0.43a 

T8 (LMUTRS) 52.8a -1.9cd 69.8ab 0.017a 71.6a 4.9ab 45.3a 0.41ab 

SEM 0.55 0.52 0.52 0.46 0.53 0.53 0.56 0.52 

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

T1 (RS) = rice straw (untreated rice straw), T2 (MTRS) = 5% molasses treated rice straw, T3 (UTRS) 

= 5% urea treated rice straw, T4 (MUTRS) = 5% molasses + 5% urea treated rice straw, T5 (YMTRS) 

= yeast + 5% molasses treated rice straw, T6 = loog – pang sato + 5% molasses treated rice straw, 

T7 (LMTRS) = yeast + 5% molasses + 5% urea treated rice straw (YMUTRS), T8 (LMUTRS) = 

loog – pang sato + 5% molasses + 5% urea treated rice straw, a, b, c = Mean values within columns 

superscripted with different lowercase letters are significantly (P<0.05) different, SEM=standard 

error of the mean. 

 

Azospirillum brasilense as a nitrogen 

fixer and Saccharomyces cerevisiae as a single 

cell protein recorded significantly reduction in 

crude fiber, NDF, and ADF contents  .

Moreover, a significant decrease in OM, CF, 

NDF and ADF content of rice straw treatment 

with some microbial inoculants compared to 

untreated materials has been reported by 

Zayed (2018). 

Furthermore, the highest gas volume, 

gas kinetics, and estimated fermentation 

parameters as observed in YMUTRS (T7) and 
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LMUTRS (T8) (Table 2), possibly influenced 

by the soluble carbohydrate fraction readily 

available to the microbial population 

(Akinfemi et al., 2009). There was a 

correlation between the chemical composition 

of feed and in vitro gas production as reported 

by Kulivand & Kafilzadeh (2015), a positive 

correlation between CP contents and total gas 

production was observed, whereas negative 

correlation was observed between ADF 

content and potential gas production (a+b) 

with increasing NDF and ADF, potential gas 

production and the rate constant (c) decreased. 

Osuga et al. (2006) also found that the high 

rate of fermentation of the insoluble but 

degradable fraction (b) could be related to the 

high CP content and low content of NDF, ADF 

and ADL of fungal treated maize cobs. 

Moreover, Kamalak (2006) reported that gas 

production and estimated parameters (a, b 

(a+b), ME, and OMD) are negatively 

correlated with NDF and ADF, whereas they 

are positively correlated with CP. 

Additionally, gas production of feed incubated 

in vitro in buffered rumen fluid was closely 

related to the production of SCFA which was 

based on carbohydrate fermentation 

(Akinfemi et al., 2009).  In agreement with our 

finding, YMUTRS (T7) and LMUTRS (T8) 

had the highest CP and ash contents, while 

NDF, ADF and ADL were the lowest which 

resulted in highest gas production, gas 

kinetics, and rumen fermentation parameters.  

 

Conclusions and Recommendations 

The results indicated that treatment of rice 

straw with yeast or loog-pang sato in 

combination with urea and molasses enhanced 

the crude protein content and decrease fiber 

content, while in vitro gas production, gas 

kinetics, and estimated fermentation 

parameters of the treated rice straw was also 

improved. Based on this research, the use of 

yeast or loog-pang sato in combination with 

urea and molasses treatments is a practical 

approach for enhancing the nutritive value of 

rice straw and can be cost-effective in the 

future. However, more work is required, 

especially in production trials with the use of 

biological and chemical treatments of rice 

straw on animal performance. 
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Abstract  

The objective of this study was to Impact of historical population structure differently on the 

inbreeding rate of the dairy cattle population. The simulations of historical population structure split 

into three models: 1. historical unchanged population, 2. historical change population, and 3. 

historical bottleneck population and genetics using population data consisting of a population size of 

10,000 dairy cattle with the unknown phenotype (Validation set; VS), sire’s populations were 40, 

litter size 1 per dairy cattle, and the Heritability (h 2) reference at the selection trait was the number 

of services per conception (NOS) is 0. 12. The simulation by the use of the QMSim program. It was 

found that the historical population structure of all three models affected the incidence of increased 

inbreeding rates. The 0 to 50 generation inbreeding rate of the unchanged historical population was 

0.00 to 0.584, the historical change population was 0.00 to 0.559, and the historical bottleneck 

population was 0.00 to 0.610. However, when considering the increase in the inbreeding rate, it was 

found that the historical change population had lower inbreeding rates than the unchanged historical 

population and historical bottleneck population. 

 

Keywords: unchanged historical population, historical change population, historical bottleneck 

population, inbreeding rate 

 

Introduction 

 Historical population structure is the 

study of changes in the size and structure of the 

animal population in the past. Those changes 

have been determined by nature and humans. 

Which may affect inbreeding rates. Data 

validation is useful for increasing profitability 

and for improving the use of selection methods 

for higher genetic progression in herd dairy 

cattle. In addition, rigorous pedigree control is 

essential for the correct identification of 

relationships between animals. This will help 

prevent long-term high inbreeding. Inbreeding 

is caused by the mating of individuals that share 

one or more common ancestors. Increased 

inbreeding rates cause disagreeable outcomes, 

for example, the genetic variation is reduced. 

therefore, should be avoided (Hinrichs and 

Thaller, 2011 Silva et al., 2016). The 

population structure is typically determined by 

calculating the allelic frequencies of the 

different individuals. To prevent the inbreeding 

rate changes in the distribution of genetic 

variance should be viewed on continually 

supervised. (Barros et al.,2017). A large 

number of dairy herds use domestic genetic 

material. This is usually collected from proven 

bulls due to the high rate of domestic semen 

consumption. Therefore, famous bulls are more 

likely to be domestic ancestors. Which led to 

the dissemination of their genetic material 

throughout the country. So, in a short time, 

many offspring were produced from a small 

number of bulls. This leads to a significant 

increase in the likelihood of inbreeding. 

         Pedigree data for population studies have 

the advantage of low cost and simplicity when 

compared to using molecular markers 

(Carneiro et al., 2009). The genetic structure of 

populations through pedigree information can 

clarify significant circumstances affecting the 

genetic history of populations. Numerous 

studies evaluate generation intervals, 

inbreeding, and effective population size. 
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(Faria et al., 2001; Vercesi Filho et al., 2002; 

2002; Faria et al., 2004; Cleveland et al., 2005; 

Martinez et al., 2008). 

         Knowledge of the historical population 

structure is essential to understanding the 

evolution of its genetic parameters, assisting in 

improving conservation programs, and 

planning for sustainable use of this genetic 

resource. Thus, the objective impact of 

historical population structure is different on 

the inbreeding rate of the dairy cattle 

population. 

 
Materials & Methods 

Simulations 

 The present study simulates the 

historical population structure and genetics by 

dividing into three models (Table 1) and 

genetics using population data consisting of a 

population size of 10,000 dairy cattle with 

unknown phenotypes (Validation set, VS), 

sire’s populations were 40, litter size 1 per dairy 

cattle, number of SNPs 50K, and the 

Heritability (h 2) reference at the selection trait 

was the number of services per conception 

(NOS) is 0. 12. (Warangkana et al., 2018). 

 

Historical population structures  

characteristics 

The historical population structures  

characteristics simulations are divided into 3 

types as follows: 

 

 

 

 

 

a)                    b)                           c) 

 

Figure 1. Historical population structures  

Characteristics 

 a) Historical unchanged population 

 b) Historical change population by 

increase 1% per year 

 c) Historical bottleneck population by 

increase 1% per year and down 1% per year 

 

Inbreeding coefficient (FX) (Falconer & 

Mackay, 1989) 

 

FX = ∑ (1/2) n (1+FA) 

When  

 

FX  =Inbreeding coefficient of individual X 

∑ =Summation sign (means values in the 

brackets are to be added together) 

n  =Number of segregations (arrows) 

between the sire and dam in each 

the separate path through the common 

ancestor   

FA  =Inbreeding coefficient of the common 

ancestor in each separate path. A 

common ancestor appears on both the 

sire and dam sides of the pedigree. 

Whenever A common ancestor is 

inbred, his or her inbreeding coefficient 

will have to be calculated before the 

inbreeding coefficient of individual X 

can be determined. 

 

The selected dairy cattle are randomly 

bred with one of the potential breeders. The 

cubs produced are randomly selected as 

potential parents for the next generation of 

animals. The simulation is based on the use of 

the QMSim program to breed the dairy cattle 

population using the simulation. Each 

genotyping level was simulated three times 

which repeats the selection and matting for 50 

generations with the QMSim program (Mehdi 

and Flavio, 2013). The inbreeding coefficient 

of the simulated population was obtained from 

the simulation. By simulating the data, 

environmental factors are not involved. 

Therefore, the simulation has no factor due to 

the fixed effect. 

 

Results 

Analysis of the impact of Historical 

Population Structure Different on Inbreeding 

Rate of Dairy Cattle Population. It was found 

that the historical population structure of all 

three models affected the incidence of 

increased inbreeding rates. The 0 to 50 

generation inbreeding rate of the unchanged 

historical population was 0.00 to 0.584, the 

historical change population was 0.00 to 0.559, 

and the historical bottleneck population was 

0.00 to 0.610. However, when considering the 

increase in the inbreeding rate, it was found that 
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the historical change population had lower 

inbreeding rates than the 

unchanged historical population and historical  

bottleneck population. (Table 2 and Figure 2)  

 

Discussion 

Analysis of the impact of historical 

population structure difference on the 

inbreeding rate of dairy cattle population level 

of the breed is significant since all results in 

terms of inbreeding and relationships are 

dependent upon it. However, considering the 

increased inbreeding rate. It was found that the 

historical bottleneck population had higher 

inbreeding rates than the historically changing 

and unchanged populations. There may be an 

increase in herd diversity in the use of breeders. 

The analysis found that the historical 

bottleneck population had higher inbreeding 

rates with mean values from 0 to 50 generations 

of 0.00 to 0.610. This may be due to the rapid 

change in allele frequencies in a population, 

resulting in a decrease in genetic diversity and 

an increase in the incidence of the inbreeding 

rate. Will increase at a later time selection may 

cause the population genetic diversity to remain 

the same or decrease depending on the 

homozygotic or heterozygotic genotype that is 

excluded from the population. The effect of 

selection on quantitative traits is the change in 

the mean of next-generation population traits 

(Wansuk and Jiraporn, 2008). If the gene 

reaction is partial or complete dominance or 

overdominance, then insemination results in a 

lower mean of the population, and the mean of 

this population is greatly reduced if the 

inbreeding rate is high. Genetic variation is due 

to factors affecting changes in gene frequency 

or genetic diversity, which may be caused by 

environmental factors. Migration or mutation 

(Ayala, 1982, Slatkin, 1987), in which 

population genetic structural patterns imply 

their ability to survive. That organism can adapt 

to its habitat by manifesting in the form of 

genetic diversity appropriate to the population. 

Population structure is caused by a blockage in 

the ability of genes to transmit genes in that 

population. 

Conclusions 

Analysis of the impact of historical 

population structure different on inbreeding 

rate of dairy cattle population. it was found that 

the historical change population had lower 

inbreeding rates than the unchanged historical 

population and historical bottleneck 

population. 
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Table 1 Base parameters used in simulations 
Historical Population Historical unchanged 

population 1 

Historical change population 
2 

Historical bottleneck 

population 3 

Populations data    

populations Dairy cattle population Dairy cattle population Dairy cattle population 

replacement ratio for sires and 

dams 

40: 10,000 40: 10,000 40: 10,000 

replacement ratio for sires  0.50 0.50 0.50 

replacement ratio for dams 0.25 0.25 0.25 

number of replicates 3 3 3 

litter size 1 1 1 

The proportion of male progeny 0.5 0.5 0.5 

Pedigree data    

heritability (h2) 0.12 0.12 0.12 

mating design random matting random matting random matting 

selection design EBV EBV EBV 

culling design age age age 

number of generations 50 50 50 

Genome data    

chromosome 30 30 30 

chromosome length 100 100 100 

number of markers (1 K = 1,000 

SNPs) 

50 K 50 K 50 K 
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1 = Historical unchanged population, 2 = Historical changes population by increase 1% per year 
3 = Historical bottleneck population by increase 1% per year and down 1% per year 

Table 2 Simulation of the different historical populations on inbreeding rate of dairy cattle 

 

Generation 

 

different historical population / Inbreeding (average) 

 

Unchanged1 Changes2 

 

Bottleneck3 

 

0 0.000 0.000 0.000 

1 0.000 0.000 0.000 

2 0.179 0.190 0.181 

3 0.074 0.075 0.070 

4 0.055 0.048 0.049 

5 0.051 0.042 0.049 

6 0.056 0.042 0.054 

7 0.066 0.048 0.066 

8 0.076 0.059 0.081 

9 0.087 0.072 0.096 

10 0.100 0.087 0.114 

11 0.111 0.099 0.131 

12 0.122 0.111 0.148 

13 0.134 0.123 0.161 

14 0.148 0.135 0.174 

15 0.161 0.145 0.188 

16 0.175 0.158 0.202 

17 0.188 0.174 0.215 

18 0.199 0.186 0.228 

19 0.212 0.200 0.237 

20 0.224 0.216 0.248 

21 0.238 0.231 0.260 

22 0.251 0.243 0.273 

23 0.267 0.255 0.286 

24 0.282 0.266 0.300 

25 0.294 0.277 0.317 

26 0.308 0.289 0.332 

27 0.321 0.299 0.348 

28 0.333 0.311 0.362 

29 0.346 0.321 0.375 

30 0.360 0.331 0.388 

31 0.372 0.342 0.398 

32 0.384 0.354 0.408 

33 0.395 0.367 0.420 

34 0.404 0.380 0.433 

35 0.416 0.391 0.445 

36 0.427 0.402 0.457 

37 0.439 0.412 0.469 

38 0.451 0.423 0.481 

39 0.463 0.435 0.495 

40 0.474 0.449 0.509 

41 0.485 0.460 0.520 

42 0.496 0.469 0.530 

43 0.507 0.481 0.543 

44 0.519 0.493 0.555 

45 0.531 0.505 0.567 

46 0.544 0.518 0.577 

47 0.556 0.529 0.585 

48 0.567 0.541 0.594 

49 0.576 0.551 0.603 

50 0.584 0.559 0.610 
                             1= Historical unchanged population  
                                               2= Historical changes population by increase 1% per year 
                                               3= Historical bottleneck population by increase 1% per year and down 1% per year 
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Figure 2. Simulation of the different historical populations on inbreeding rate of dairy cattle
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Abstract 

An extension project addressing food security and women empowerment amidst COVID-19 

pandemic was implemented with the objective of promoting S&T-based integrated backyard 

farming system as a source of food during and after pandemic. A total of 84 chemical pesticide-

free integrated backyard farms with one community-based farm were established by 93 women 

farmers’ farm family who benefited from the produce of different vegetable crops and free range 

chicken. Results showed women’s increased access to resources and improved knowledge on S&T-

based integrated backyard farming. Aside from having source of food for their family, women farmers 

were also able to earn additional income amounting to an average of Php 39,447.78 per project site and 

a computed average initial return on investment of 44.43%. Continuous provision of access to 

resources to women farmers can help them realize their full potential in agriculture. Provision of 

capacity enhancement activities in food production, processing, marketing and recordkeeping; 

ensuring access to source of capital and finance to promote entrepreneurial mindset among 

women farmers; and information campaign on gender and development concepts among community 

people, particularly to their family members to stress the importance of women rights and capabilities 

are recommended to strengthen women empowerment in ensuring food security. 

 

Key words: agriculture, Covid-19 pandemic, women empowerment, rural development 
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Introduction 

Food security has been one of the 

major concerns that was highlighted by the 

COVID-19 pandemic which is continuously 

devastating the Philippine economy at 

present. With the existing enhanced 

community quarantine (ECQ) in Luzon, the 

demand for food and other agricultural 

commodities is skyrocketing day by day. 

Though there is enough food supply 

according to the Department of Agriculture 

(DA), the strict implementation of ECQ 

hampers the transportation and distribution 

of agricultural produce from the point of 

production to the point of consumption, 

thus creating food supply shortage in 

different parts of the country. Worst, 

experts said that the fight with COVID-19 is 

still far from over. With this, there is a need 

to find alternative ways on how to ensure 

that Filipino people will have enough food 

on their table. 

PALAYAMANAN Project has been 

one of the successful 

extension/development projects of Bulacan 

Agricultural State College (BASC) that has 

become instrumental in uplifting the living 

condition and providing accessible food 

supply sources to farmer- beneficiaries as 

well as the surrounding community, not 

only in the province of Bulacan, but also 

in other parts of Central Luzon where the 

project has established model farm in each 

of the seven provinces. In fact, among all 

the State Universities and Colleges in 

Central Luzon, only BASC has sustained 

the implementation of PALAYAMANAN 

project even beyond its project duration in 

2005. 

The project involves a diversified 

farming system using rice as base crop 

integrating vegetables, livestock and other 

farming activities undertaken by farmer- 

cooperators in a synergistic approach 

(Navarro, et al., 2017). Like the old “Bahay 

Kubo” concept, this project has become 

beneficial to the adopters especially 

nowadays wherein everyone is looking 

after possible source of food. Having a 

small backyard farm planted with different 

varieties of chemical pesticide-free 

vegetables such as tomatoes, ampalaya, 

mustard, eggplant, hot chili pepper, pechay, 

lady finger, squash, other root crops and 

fruit crops that grow easily within a short 

period of time, plus the incorporation of 

naturally grown free-range chicken or duck 

that lay eggs everyday has enable the project 

adopters to survive everyday living in the 

midst of COVID-19 pandemic. Other 

beneficiaries were also able to sell and share 

some of their excess produce to the nearby 

community people. Farmer-beneficiaries in 

the previous PALAYAMANAN project 

which incorporated free range chicken in 

their integrated farm were able to gain an 

average return on investment (ROI) of 

53.01% from the computed individual 

beneficiary's ROI ranging from 24.20% to 

as high as 372% (Navarro, et al., 2021). A 

safety net was used by the beneficiaries to 

separate free-range chicken from the 

vegetable production area. 

Hence, extension of this technology to 

a larger number of beneficiaries, alongside 

with the “plant, plant, plant project” of DA 

will be of great help to ensure that there will 

be source of food right on their backyard 

during and after this COVID-19 pandemic. 

However, various interventions 

provided by the previous 

PALAYAMANAN projects to the 

beneficiaries were mostly men-centered as 

almost all the listed farmer-beneficiaries 

who were given trainings and extended 

financial support were men. This is despite 

the fact that farm works in their small-scale 

family farms actually involved vital 

participation of women family members. 

Women participate in many activities 

along the value chain (Polar, et al., 2015 

as cited in Devaux, et al., 2018) and their 

engagement in agricultural activities has 

economic importance for their household 

(UN-Women, 2018). However, the 

important roles that women family members 

play to ensure the success of 

PALAYAMAN project in their farm was 

often invisible as these are not being 

highlighted. Unfortunately, women farmers 
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are at an even greater disadvantage which 

is brought about by societal and cultural 

norms that are still prevalent in the 

Philippines (FAO, 2018). Farm’s success is 

usually attributed to the farmer-cooperator 

listed in the project who are mostly men. 

Based on the record of Philippine 

Commission on Women, unpaid family 

workers in own family-operated farm or 

business in October 2010 were estimated at 

4.3 million wherein 2.4 million (56.7%) of 

which were women while only 1.8 million 

(43.3%) were men (Labor, Employment & 

Economic Participation, 2014). This that 

proved that women are really major 

contributors in agriculture and other allied 

fields (Slathia, 2015). 

It is in this note that this project was 

conceptualized and implemented in order to 

provide alternative food sources and 

additional source of income to the project 

beneficiaries in the midst of and after 

COVID-19 pandemic through the 

revitalization of S&T based integrated 

backyard farming system. At the same time, 

this project has empowered women farmers 

through the provision of access to 

technology and other resources. The project 

aims not only to provide a Band-Aid 

solution during crisis, but also to sustain and 

expand the technology- adoption to a larger 

number of women farmers in the 

community. 

 
Materials & Methods 

Research design 

The study used a descriptive type of 

research in analyzing the effect of the 

intervention provided to the project 

beneficiaries. In order to document all the 

cases of the project beneficiaries, total 

enumeration technique was employed in 

determining the sample size of the 

respondents. Data on training needs of 

beneficiaries were gathered through the use 

of researcher-made survey questionnaire 

and test items. The instruments used were 

subjected to pre-test to community 

extension experts to validate the nature of 

the questions asked. Comments and 

suggestions gathered were incorporated for 

the improvement of the questionnaires.  

Meanwhile, effectiveness of training 

provided on the level of knowledge gained 

by the trainees was determined based on the 

scores of the beneficiaries on the pre-test 

and post-test given to them per topic 

discussed by the resource persons.  

Follow-up interview was also done to 

solicit additional information and also 

verify the data gathered. 
 

Provided interventions 

 The project was carried out based on 

the conceptual framework shown in Figure 

1. Food security and women empowerment 

can be achieved through the conduct of the 

following project components: 

 

Beneficiary Identification and Validation 

The project team has coordinated 

with the Municipal Agriculture Officer 

(MAO) of the identified Local Government 

Units (LGUs) and requested a list of 

women farmers, preferably members of 

Rural Improvement Club (RIC) which 

served as basis for the identification of 

possible beneficiaries. Selection of farmer-

beneficiaries and validation of site were 

conducted through the joint efforts of BASC 

project management team and MAO 

personnel. Beneficiaries were selected 

based on the following criteria: (1) must be 

underprivileged women farmer who is 

engaged in the farming activities of their 

rural farm families, and (2) must have a land 

area of at least 100 to 300 square meters for 

backyard farm, and (3) willing to adopt the 

S&T based integrated backyard farming 

system “Bahay Kubo” concept. The 

selection criterion for land area was reduced 

from the usual criterion of 

PALAYAMANAN technology which is one 

hectare to only 100 to 300 square meters as 

the project targets to establish S&T based 

integrated backyard farm only which could 

be suitable for women farmers because they 

can do farming at the comfort of their home 

right at their backyard. 
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Initially, a total of 30 women farmers 

(10 each per municipality) were selected for 

the first batch of beneficiaries of the project. 

The first batch of beneficiaries were 

composed of five women farmers each 

from Gabihan and Basuit, San Ildefonso, 

Bulacan; 10 women farmers from Caingin, 

San Rafael, Bulacan and another 10 women 

farmers from Pulong Bayabas, San Miguel, 

Bulacan. After the first cropping season, 43 

other women farmers (20 in San Rafael and 

23 in San Ildefonso, Bulacan) in the 

community who would like to adopt the 

same concept in their own backyard were 

added in the list of beneficiaries. Additional 

20 women farmers in Biclat, San Miguel, 

Bulacan were also added in the latter part 

of 2021 to complete the list of target project 

beneficiaries. The number of additional 

beneficiaries for the second batch in San 

Ildefonso was supposedly only 20. 

However, due to the interest expressed by 

all the women farmers who attended the 

project orientation, the project team 

decided to include all the 23 women 

farmers considering that one of the 

objectives of the project is to provide access 

to resources to women farmers. 

Project briefing, technology 

promotion and dissemination were also 

conducted to inform the beneficiaries about 

the project prior to the conduct of site 

validation. Each of them were oriented on 

the nature and purpose of the project in 

order to determine their willingness to 

participate. Afterwards, their target site for 

chemical pesticide-free integrated 

backyard garden were validated by the 

project team with the help of MAO focal 

person in order to verify if they really 

qualify to become one of the beneficiaries. 

A Memorandum of Agreement 

(MOA) was signed between the LGU and 

BASC in order to bind partnership with 

these agencies so as to ensure the proper 

implementation of the project. Upon 

validation, a MOA containing the details of 

the duties and responsibilities of BASC and 

beneficiaries throughout the duration of the 

project was also signed between the project 

beneficiaries and BASC in the presence of 

MAO personnel. 

 

Capacity Enhancement 

Target beneficiaries were capacitated 

through the conduct of training on 

pesticide- free integrated backyard 

farming which include topics on vegetable 

production, preparation of concoction of 

bio-organic fertilizer (FPJ, FFJ, FFA.) and 

bio-organic pesticides (hot chili extract, 

oregano extract, madre de cacao extract), and 

naturally grown free-range chicken 

production management. The training 

provided were based on the results of the 

Training Needs Assessment administered to 

the participants during the project 

orientation and beneficiary identification. 

The first batch of beneficiaries in the three 

municipalities (10 each per municipality) 

were trained last June 8, 10, & 14, 2021. 

The second batch of beneficiaries were 

trained last October 8, 2021 in Maronquillo, 

San Rafael; October 27, 2021 in Telapatio, 

San Ildefonso; and December 16, 2021 in 

Biclat, San Miguel, Bulacan. 

Physical distancing, wearing of face 

mask and other precautionary measures as 

prescribed by Department of Health (DOH) 

and Inter-Agency Task Force (IATF) were 

observed during the conduct of limited 

face-to-face training to ensure the safety 

of all participants. Both lecture discussion 

and hands on actual demonstration were 

done to facilitate the learning of the target 

beneficiaries. Information, Education and 

Communication (IEC) materials were also 

provided to guide them in their farming 

activities. During the surge of COVID-19 

cases in the province last October 2021, an 

online training was conducted to project 

beneficiaries in Maronquillo, San Rafael, 

Bulacan wherein the project team provided 

a recorded video lecture of the topics and 

with the assistance of LGU personnel, the 

beneficiaries were able to watch the recorded 

lectures at their covered court. Follow-up 

explanation was done by the project team 

during the face to face project monitoring of 
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the status of their integrated backyard farm 

conducted on the following month. 

 

Dispersal of farm inputs  

Initially, the project had dispersed 

farm inputs to 30 women farmers (10 each 

per municipality) which served as model 

farms in their community. Seedlings/seeds 

of each of the different vegetables such as 

ampalaya, tomatoes, eggplant, hot pepper, 

ginger, pechay, mustard, lady finger, 

squash, patola and sigarilyas that grow 

easily within a short period of time were 

dispersed to the project beneficiaries which 

were grown chemical pesticide-free. Four 

heads of naturally grown ready-to-lay free-

range chicken (1 rooster and 3 ready-to-lay 

chicken) were also distributed to each 

beneficiary. Likewise, other inputs like bio-

organic fertilizer and bio-organic 

concoction kit (molasses and pail) were 

also provided to the beneficiaries in order 

to facilitate the conduct of chemical 

pesticide-free integrated farming system in 

their backyard. The value of the total inputs 

provided to them is around P 3,000 each. 

During the project orientation, it was 

explained to the project beneficiaries and 

they all agreed that they can roll-over the 

inputs given to them for a period of one 

year. It was stated in the MOA signed by 

them that they have to grow and sustain 

their S&T-based integrated backyard 

farming operation by setting aside a portion 

of their harvest to be used as inputs for the 

next cropping season. After one year, they 

have to "pass-the-gift" the 50% of the value 

of the inputs given to them which will be 

used in extending the project to other 

women in the community who are interested 

to adopt the same concept. 
 

Marketing Assistance 

LGU support was tapped to enter 

into possible buying agreements of the 

extra produce of target beneficiaries which 

they can use in their relief operations.  

 

 

 

Information dissemination 

All relevant information about the 

project and outputs were disseminated to 

other women farmers not only in the 

province but also in other nearby places. 

Every project activity was uploaded and 

posted on the Facebook page of the BASC 

Extension Services in order to inform and 

inspire the virtual audience of the 

accomplishments of the project. IEC 

materials (flyers and tarpaulins) were also 

developed, reproduced and distributed to 

beneficiaries and other potential adopters 

of the project in the community. 

 

Project Monitoring and Evaluation 

Series of project monitoring was 

conducted in the last quarter of project 

implementation to monitor the status of 

progress of their established chemical 

pesticide- free integrated backyard garden. 

In addition, online monitoring of the 

status of the established integrated 

backyard farms of beneficiaries was also 

conducted via Facebook Messenger group 

chat. Each group of beneficiaries was 

created a group chat where they can send 

updates of their farm’s progress and send 

their queries on the problems that they are 

encountering. 

 

Statistical analysis 

The descriptive methods such as 

frequency count, percentage, rank, paired-

sample t-test and return on investment were 

used in this study. Demographic 

characteristics of project beneficiaries were 

analyzed using descriptive statistics such as 

frequency count and percentage. Paired 

sample t-test was used in analyzing the 

difference on the pre-test and post-test 

scores of the beneficiaries. Cost-benefit 

analysis was done through the computation 

of return-on-investment based on the record 

of harvest and sales of the beneficiaries. 
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Results 

Increased access to resources of women 

farmers 

A total of 93 women farmers were 

provided access to resources by being 

included in the list of project beneficiaries 

from the three adjacent municipalities of 

San Miguel, San Ildefonso and San 

Rafael, Bulacan. Majority of these women 

farmers (91%) were first time recipients 

of government projects. 
Based on the result of sex 

disaggregated data collected from the 

respondents as shown in Figure 2, more 

than two-third (64%) of the 93 women 

farmers belong to the age group of 41 to 60 

years old. More than one-third (37.6%) of 

them usually spent 4 to 6 hours in doing 

their household chores. Only few (38.8%) 

have children below seven years old while 

majority (61.3%) of them does not have 

any. More than one-third were cooperative 

members (35.5%), church 

leaders/members (26.9%) and barangay 

employees (23.7%) wherein almost half 

(49.5%) of them usually spent 1 to 3 hours 

of service in their community. 

In terms of educational attainment, 

almost half (43%) of them also were able to 

finish their secondary education while 

22.6% of them were elementary graduate. 

As to their livelihood, majority (58.1%) of 

them listed farming as their main source of 

living indicating that the majority of 

women beneficiaries came from farm 

families who were involved in agriculture.  

Figure 3 shows that majority 

(83.9%) of them were also earning below 

P 10,000 monthly income. When asked if 

their family income is enough to support 

their daily living, majority (75.3%) said no 

as evidenced by the higher monthly 

expenses compared to their monthly 

income wherein only 77.4% have P10,000 

and below monthly expenses while the 

rest have more than P 10,000 monthly 

expenses.  

Aside from the 93 identified project 

beneficiaries, more women farmers in the 

community have benefitted by the project 

through pass-the-gift scheme. Table 3  

presents the list of recipients of pass-the-

gift scheme of the project beneficiaries as 

of June 10, 2022. There were already twelve 

recorded recipients of RTL and male FRC 

although it was agreed based on the 

Memorandum of Agreement between 

BASC and the beneficiaries that the sharing 

of blessing will be done after one year. 

Sharers from Brgy. Maronquillo as of date 

has enjoyed the farm inputs provided for 

only eight months as the inputs were 

distributed to them last October 18, 2021 

while the sharers from Brgy. Pulong 

Bayabas, Brgy. Caingin and Brgy. 

Gabihan/Basuit has used these for eleven 

months as they have received their farm 

inputs last July 2021.  

Meanwhile, sharers from Brgy. Biclat 

have only received the FRC last December 

2021, thus have only enjoyed the inputs for 

six months, yet they were able to already 

pass-the-gift to other women farmers in their 

community. This seems to show that innate 

desire of the beneficiaries to help their 

fellow women farmers through early 

execution of the pass-the-gift component of 

the project. This pass-the-gift scheme has 

not only helped in sustaining the project but 

will has also enabled the benefits of the 

project to reach other women farmers in the 

community. 

On the other hand, the benefits derived 

by the beneficiaries from the vegetable crops 

they planted were also tasted by other 

women farmers in their community through 

the sharing of the harvested produce of the 

beneficiaries to their neighbors. With this, 

they have not only secured food for their 

family, but also extended the food 

availability and accessibility to their 

neighbors. 

 

Improved knowledge of women farmers 

on pesticide-free integrated backyard 

farming 

Based on the results of the training 

needs assessment as shown in Figure 4, 

trainings on chicken production and 

management, vegetable production, 



Proceedings of International Conference “Innovation for Resilience Agriculture” 

October 19-21, 2022, Chiang Mai University, Thailand  
 

21 

preparation of organic fertilizer and bio-

organic pesticide and soil conditioning 

were rated by the beneficiaries as highly 

needed to enable them to establish their own 

S&T-based integrated backyard farms. 

Results of the computed difference 

between the scores of pre-test and post-test 

administered to the project beneficiaries 

during the training on chemical pesticide-

free integrated backyard farming is highly 

significant with the computed t-value of -

16.299, with p-value of 0.000 (Table 1).  

An increase from an average pre-test 

scores of 5.65 (sd=2.501) was noted as 

evidenced by their average post-test scores 

of 8.31 (sd=2.479) after the training was 

provided to them.  

Likewise, in terms of free range 

chicken production management, the 

computed t-value of -14.872, with p-value 

of 0.000 ( Table 2) showed that there was 

also a significant difference between the 

scores of pre-test and post-test of the project 

beneficiaries given to them during the 

training on chemical pesticide-free 

integrated backyard farming. An increase 

from an average pre-test scores of 8.911 

(sd=2.5291) was noted as evidenced by their 

average post-test scores of 11.844 

(sd=2.1771) after the training was provided 

to them.  

 

Established S&T-based integrated 

backyard farm as additional source of food 

and income 

 A total of 83 chemical pesticide-free 

integrated backyard farms and one 

community farm were established in the 

three municipalities which served not only as 

a source of food, but also gave additional 

income to beneficiaries during pandemic 

period. Farm inputs distributed to 

beneficiaries were composed of different 

vegetable seeds, seedlings, three ready-to-

lay and one male free-range range 

chickens, vermi-compost, and bio-organic 

concoction kit (pail, molasses) as their 

start-up inputs in establishing their 

respective integrated backyard farms. These 

resources were provided to women farmers 

so that they can have the opportunity of 

adopting the chemical-pesticide free 

integrated backyard farming technology 

extended to them.  

Table 4 presents the harvest record 

of beneficiaries of the six project sites. It 

can be noted that among the vegetable 

crops planted, eggplant with a total of 

1,523 kg recorded the highest amount of 

total harvest among all the vegetables planted 

by the beneficiaries. This can be attributed to 

the long lifespan of bearing fruit of eggplant 

wherein It was also observed that 

beneficiaries in Brgy. Biclat registered the 

highest accumulated harvest record of 

eggplants amounting to 505 kgs while 

beneficiaries in Brgy. Caingin harvested 

the lowest with only 50kgs. 

Squash, on the other hand, has the 

lowest recorded harvest with only 15 kg 

as of June 10, 2022. This can be attributed 

to the fact that only the beneficiaries of the 

two (Brgy. Caingin, and Brgy. 

Gabihan/Basuit) project sites out of the six 

barangays have planted this crop while the 

other beneficiaries in other project sites 

opted to reserve its planting on the next 

season due to scarcity of water in their 

area. Similar reason explains why it can 

also be seen from the table above that 

there was no recorded harvest of upland 

kangkong, sigarilyas and sitao in Brgy. 

Maronquillo, San Rafael; and in Brgy. 

Malipampang and Telapatio in San 

Ildefonso while in Bgry. Biclat, San 

Miguel, Bulacan there was no recorded 

harvest of squash and sigarilyas because 

none of the beneficiaries there as of date 

has planted these crops. The same is true 

with the other project sites that recorded 

no harvest from Brgy. Pulong Bayabas, 

San Miguel of okra, pechay, upland 

kangkong and squash. The project site at 

Brgy. Gabihan/Basuit, San Ildefonso also 

has no recorded harvest of upland 

kangkong for the same reason. 

Aside from tomatoes, the harvest 

record of beneficiaries in Brgy. Biclat also 

topped the production of green pepper 

(415.5 kg) and okra (152 kg). They also 
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owned the highest number of hatched 

chicks with 504 heads. This was despite the 

fact that they only received farm inputs last 

December 17, 2021, making them the last 

group of beneficiaries to receive the inputs 

but has the biggest production record. 

Likewise, beneficiaries in Brgy. 

Malipampang and Telapatio have the 

highest production of tomatoes (446 kgs), 

corn (228.75 kgs), pechay (250 kgs) and 

chili pepper (443 kgs). 

In terms of the total number of 

FRC eggs, Brgy. Maronquillo has the 

biggest production with a total of 6,432 

eggs. However, this number is still below 

the projected total production for one year 

which is 21,600 eggs for 20 beneficiaries 

(1080 each) based on a 70% egg 

production rate for three ready-to-lay 

(RTL) free-range chicken (FRC). As of 

June 10, 2022, the production rate of 

beneficiaries in Brgy. Maronquillo 

represents only a 30% production rate 

which can be attributed to the reason that 

14 RTL of the beneficiaries were not able 

to survive the changing weather condition 

while others might have been infected by 

bird flu as they saw symptoms of the 

infection. Just like in the case of the 20 

RTL-FRC in Brgy. Caingin which also 

suffered the same, thus resulting in the 

lowest recorded production of only 2346 

eggs for 10 beneficiaries. 

Aside from this, it can also be 

observed in the harvest record that Brgy. 

Caingin which was established as a 

community farm also has the lowest 

number of hatched chicks (45 heads) and 

production of all vegetable crops planted 

on the farm. This was due to the reason that 

the project site was heavily hit by typhoon 

Fabian and the southwest monsoon 

(Habagat) from July to September 2021 

during which the provided vegetable 

seedlings and seeds were just newly 

transplanted on the community farm. 

 

Cost-Benefit Analysis 

Table 5 shows the cost-benefit 

analysis of the 84 established pesticide-

free integrated backyard farm in the three 

municipalities in Bulacan. Among the 

project sites, Brgy. 

Malipampang/Telapatio ranked first 

based on the computed return on 

investment (ROI) of 112.60% as of June 

10, 2022 followed by Brgy. Biclat 

(94.30%) and Maronquillo (45.59%). 

These top three sites with highest ROI 

composed the second batch of added 

beneficiaries with 20 beneficiaries each, 

except for Malipampang/Telapatio with 

23. As expected, since the community 

farm in Brgy. Caingin was devastated by 

natural calamities, it recorded the lowest 

ROI of only 12.15%. It can also be 

noticed that the bottom three sites in 

terms of ROI were the first batch of 

beneficiaries (10 each per site) as they were 

also affected by these calamities, although 

it was Brgy. Caingin which was hardly hit. 

Total sales of the agricultural 

produce of the project sites were computed 

based on the prevailing average market 

price in their respective barangays as they 

sold their excess harvest mostly to the 

households in their community. Since the 

prices of agricultural commodities are 

fluctuating, prices used in the computation 

were based on the average prices. 

Eggplants were sold at an average price of 

P40.00/kg, tomatoes at P70.00/kg, green 

pepper at P50.00/kg, chili pepper at 

P70.00/kg, okra at P40.00/kg, corn at 

P50.00/kg, pechay at P70.00/kg, squash at 

P25.00/kg, sigarilyas at P60.00/kg, 

kangkong at P20.00/tali, sitao at 

P10.00/tali, FRC eggs at P8.00 per piece 

and FRC chicks at P60.00/head. These 

prices were at par with the retail prices of 

these commodities in Central Luzon based 

on the price monitoring of the Philippine 

Statistics Authority (PSA) in the first half 

of 2022 (psa.gov.ph). 

Expenses incurred by the 

beneficiaries included the computation of 

their ROI, on the other hand, are the cost of 

farm inputs (assorted vegetable 

seeds/seedlings, vermi-cast and molasses, 

4 FRC and vitamins) distributed to them 
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(see Appendix B). The cost of egg trays 

and feeds consumed by the FRC were also 

included as operational costs. However, the 

labor cost, FRC housing cost and cost of 

other ingredients used in making different 

concoctions were not included in the cost 

computation as these were the counterpart 

of the beneficiaries wherein they only 

utilized resources that were already 

available in their surroundings. 

 

Seamless marketing of agricultural 

produce 

Notably, initial produce of the 

beneficiaries was consumed by their family 

while those excess were easily sold to the 

household in their barangay since the 

production is just small-scale. Hence, 

project beneficiaries noted that they did 

not experienced difficulty in marketing 

their produce as they sold these based on 

the prevailing market price in their 

community. Since their agricultural 

produce were pesticide-free, all their 

harvest got sold as the consumers nearby 

preferred safe to eat vegetables and eggs. 

Beneficiaries have also noted that they have 

set aside a certain percentage of the 

proceeds of their sales as source of funds for 

buying seeds and seedlings of vegetables 

for the next planting season. Through this, 

they will be able to sustain their backyard 

farm operation. 

 

Discussion 

Increased access to resources of women 

farmers 

This project addressed the common 

constraints faced by women farmers in the 

selected project sites which is the limited 

access to resources. The same dilemma 

being faced by women farmers in India 

wherein their access to resources is much 

lower compared to their male counterparts 

despite the former’s significant contribution 

to agriculture in their country (Baruah, et 

al., 2022). Vidyakala (2018) found out that 

one of the factors hindering women from 

adopting new technologies is the limited 

access to productive resources such as farm 

inputs.  

This project has become 

instrumental in providing and increasing 

the access to resources of women farmers 

in the community. From the original target 

number of project beneficiaries which is 

only 90 women farmers, the total number 

has exceeded by three beneficiaries, 

making the total into 93. Majority of 

whom were first time recipients of 

government projects that is why they were 

very grateful that they were chosen as one 

of the beneficiaries who have gained 

access to agricultural resources which was 

vital for the establishment of their 

integrated backyard farm.  

One beneficiary from Brgy. 

Telapatio claimed that although she is 

helping her husband in the works in their 

farm, it was usually her husband who used 

to become recipients of government 

projects because it is he who is the 

member of a farmer’s cooperative in their 

barangay. But through this project, she 

was very thankful that this time, she, 

together with other housewives in their 

community were given the opportunity to 

be enlisted as the beneficiary of this 

project. These women farmers are 

housewives of the farm family who usually 

stays at home doing household chores and 

performing other duties and 

responsibilities in their community such 

as being cooperative members, church 

leaders/members and barangay employees. 

This was because majority of them do not 

have children below seven years old, 

hence, they have ample time in doing 

other community-related activities. 

Those who were given access to 

resources were in need of additional 

sources of income as evidenced by the 

lower percentage (6.5%) of women farmers 

who earned P10, 000.00 and below 

monthly income compared to the 

percentage of those who were spending 

P10, 000.00 monthly expenses indicating 

that there were more women farmers who 

have bigger expenses compared to their 
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earned income. These beneficiaries knew 

every well this insufficiency because 

majority (88.2%) of them have suffered 

from this dilemma for a long time as they 

were in-charge of managing the finances 

of their family. Women farmers in the 

Philippines has the same case of those in 

Guyana wherein they also have shared 

functions of taking care of their families 

using their income while also contributing 

to food security (Henry, 2021). One of the 

project beneficiaries even said that this 

pandemic make it even more difficult for 

their family to make both ends meet as they 

lost their job due to the strict restrictions 

imposed during the lockdown period. Thus, 

the implementation of this project became 

very timely as it gave them additional 

source of food and income. 

 

Improved knowledge of women farmers 

on pesticide-free integrated backyard 

farming 

 The significant difference in the test 

results of the scores on pre-test and post-

test of the beneficiaries seems to indicate 

that the training provided was effective in 

increasing the knowledge of the 

beneficiaries on the topics discussed 

including free-range-chicken production 

management and integrated vegetable 

production, particularly, in the preparation 

and use of bio-organic concoction and 

pesticides. The hands-on activities included 

in the training provided to the beneficiaries 

have exposed them on how to make bio-

organic concoction, how to determine the 

laying capacity of free-range chicken and on 

how to apply vaccine to the newborn chicks. 

These capacity enhancement activities were 

crucial in order to ensure that women 

farmers will be able to sustain the operation 

of their integrated backyard farm. Like in the 

case of women farmers in Bangladesh, 

Sultana et al., (2015) have concluded in 

their study that the farm trainings to women 

were useful in securing their livelihood, 

thus could also change their situation. 

The group of beneficiaries in Brgy. 

Caingin where the community-based farm 

was established have expressed their 

appreciation of the trainings given to them 

because they became knowledgeable on 

preparing bio-organic concoction using only 

the available resources in their community. 

Their group leader also claimed that because 

of the training, they became aware on the 

importance of having not only a sustainable 

source of food, but more importantly, having 

a safe source of food for their family. This is 

particularly important since most of the 

agri-food sector relies on pesticides which 

negatively affect the environment and 

human health (Jacquet et al., 2022). 
 

Established S&T-based integrated 

backyard farm as additional source of food 

and income 

 The 84 established S&T-based 

integrated backyard farms of the 

beneficiaries have showcased the operation 

of integrated farming system which became 

their source of food and income during the 

heights of pandemic lockdown wherein 

food security was highlighted as one of the 

major concerns of every people in the 

community.  

 This project showcased the 

integration of free-range chicken to 

vegetable production. This enterprise of 

diversified farming system integrated with 

free-range chicken (FRC) production is 

gaining popularity (Yan, 2019). Each 

established backyard farm has operated on 

an integrated farming system wherein the 

animal waste (chicken manure) after being 

thoroughly dried, was used by the 

beneficiaries as fertilizers to their crops. On 

the other hand, the reject harvested 

vegetables and fruits were used as 

supplemental feeds to the free-range 

chicken, thus reducing the cost of feed 

consumption. In many Asian agriculture, a 

farming system that has gained reputation is 

the Integrated Farming System (IFS) 

otherwise called diversified farming (Bhatt 

& Bujarbaruah, 2011). IFS represents 

integration of various enterprises such as 

cropping systems, horticulture, animal 
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husbandry, fishery, agro-forestry, apiary, 

waste management, fungiculture and others 

for optimal utilization of farm resources to 

generate additional income and 

employment among small-scale and 

marginal farmers (Behera et al., 2012). 

 The established farms does not only 

provide food and income, but also became 

an avenue for women farmers to exhibit 

their production and management skills in 

agriculture. Through this project, women 

farmer beneficiaries were able to prove that 

they can also be good contributors to 

achieve food security and food safety 

amidst the pandemic. 

 However, the established backyard 

farms were not spared from external force 

of natural calamities just like the case of 

other farmers’ crops. The strong typhoon 

and southwest monsoon that struck their 

backyard farms during the sensitive stage of 

their planted crops have destroyed some of 

their crops, thus resulting to lower harvest 

record than expected. Such bad experience 

of the project beneficiaries has highlighted 

the importance of having a climate-resilient 

technology to secure food production 

regardless of the size of the farm. Even 

small farms did escaped such devastation. 

 

Cost-Benefit Analysis 

The average return on investment 

(ROI) gained by women beneficiaries of 

this project is at par with the ROI of the 

farmer-beneficiaries in the previous 

PALAYAMANAN project which also 

incorporated free- range-chicken in their 

integrated farm who were able to gain an 

average ROI of 53.01% from the 

computed individual beneficiary's ROI 

ranging from 24.20% to as high as 372% 

(Navarro, et al., 2021).  

Notably, despite the calamities 

experienced by the beneficiaries, the 

computed ROI of all the project sites was 

positive indicating that all of the 

beneficiaries were able to still somehow 

enjoy the benefits of the project during 

difficult times of pandemic as an additional 

source of food and income amounting to 

an average of P 39,447.78 per project site. 

This is consistent with the finding of UN-

Women, 2018 which states that women 

engagement in agricultural activities has 

economic importance for their household. 

It also further shows that women are major 

contributors in agriculture and other allied 

fields (Slathia, 2015). 

Several studies on IFS adoption in 

many regions in the world (Lal et al., 2018; 

Navarro et al., 2017; Dash et al., 2015) have 

proven its positive economic impact and 

increased agricultural productivity of 

farmer adopters. A study conducted in 

Southern Thailand (Changkid, 2013) 

demonstrated that farmers who practice IFS 

for over 5 years recorded an increased 

income compared to non-adopters. 

Likewise, better living standards and well-

being were also evident among IFS farmers 

due to knowledge and skills gained on 

intensification of farming activities from the 

IFS principles. 

 

Summary and Conclusion 

Women farmers can be vital 

contributors in achieving food security of 

each farm family especially in difficult 

times in the midst of pandemic. This 

extension project has highlighted the 

importance of women empowerment in 

agriculture sector which resulted to 

additional sources of income as well as safe 

and healthy food for the family. Provision 

of access to resources, farm inputs, hands-

on trainings, IEC materials and 

establishments of S&T-based integrated 

backyard farms have empowered women 

farmers in the selected community. 

Production of agricultural commodities 

using pesticide-free farming practices was 

also revitalized in this project. 

 

Implications and Recommendations 

 The project team envisions that this 

project could open the door for more 

women’s participation in the agriculture 

sector to ensure food security. Through 

continuous women empowerment, due 
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appreciation and giving importance to every 

role that women play in agricultural 

production, processing, marketing, and 

recordkeeping will be credited. Women, 

when organized, can perform valuable 

contributions to ensuring that their families 

will have a source of safe and healthy food 

on their table. More women in the 

community will be reached through a 

pass-the-gift scheme of this project 

whereby the benefits received by one 

beneficiary will be shared with other women 

who would like to adopt the chemical 

pesticide-free integrated agricultural 

production and thus, will result to project 

sustainability 

Continuous provision of access to 

resources to women farmers can help them 

realize their full potential in agriculture. 

Policies on the provision of capacity 

enhancement activities in food production, 

climate-smart agriculture, processing, 

marketing and recordkeeping; ensuring 

access to a source of capital and finance 

to promote an entrepreneurial mindset 

among women farmers; and information 

campaign on gender and development 

concepts among community people, 

particularly to their family members 

stressing the importance of women rights 

and capabilities are recommended to 

strengthen women empowerment in 

ensuring food security. More projects like 

this could also be done in order to 

encourage more community people to 

adopt chemical pesticide-free agricultural 

production to ensure not only food security, 

but also security on the availability of safe 

and healthy food for family. Conduct of soil 

analysis to check possible exposure to 

pesticides from neighboring backyard farms 

may also be done in the phase 2 of this 

project in order to verify whether the 

beneficiaries’ backyard farm are really free 

from pesticide contaminants. 
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Table 1 Difference of test scores of beneficiaries on bio-organic concoction 

 

Vegetable Production 

Before After 

Mean SD Mean SD 

5.65 2.501 8.31 2.479 

T value -16.299 
p-value 0.000 

 

Table 2 Difference of test scores of beneficiaries on free-range chicken management 

FRC Production & Management 
Before After 

Mean SD Mean SD 

8.911 2.5291 11.844 2.1771 

T value -14.872 
p-value 0.000 

 

Table 3 List of beneficiaries of the pass-the-gift scheme 

Name of Donor Name of Recipients Address of Recipients Farm inputs shared 
Evelyn Gabriel Rebecca dela Cruz Pulong Bayabas, SMB 3 RTL, 1 male FRC 
Rochelle 

Valmocena 

Joan De Guzman Maronquillo, SRB 3 RTL, 1 male FRC 

Susana Gonzales Rose Marie Concepcion Caingin, SRB 1 RTL, 6 male FRC 

Josephine Dy Perlita Labata Gabihan, SIB 3 RTL, 1 male FRC 
Eugenia 

Evangelista 

Luzviminda Culalic Pulong Bayabas, SMB 3 RTL, 1 male FRC 

Noime Enriuez Gin Marie Dudas Maronquillo, SRB 3 RTL, 1 male FRC 

Pacencia Gabriel Josephine dela Torre Pulong Bayabas, SMB 3 RTL, 1 male FRC 

Leonila Bernardo Perfecta Bernardo Biclat, SMB 3 RTL, 1 male FRC 
Julieta Victoria Yolanda Gonzales Biclat, SMB 3 RTL, 1 male FRC 

Mercy Solomon Kim Manuel Marcelo Maronquillo, SRB 3 RTL, 1 male FRC 
Olive Mempin Bernadeth Salinas Basuit, SIB 3 RTL, 1 male FRC 
Lhina Mempin Gloria Evardo Basuit, SIB 3 RTL, 1 male 

FRC  

Table 4 Harvest record per project site 
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Table 5 Cost-benefit analysis per project site 

Project Sites Total Harvest Value 
(as of June 10, 2022) 

 

Total 

Expenses 

Net Income ROI Rank 

Pulong Bayabas, SMB P 57,757.00 P 51,039.00 P 6,718.00 13.16 5 

Caingin, SRB    37,578.00    33,507.00    4,071.00 12.15 6 

Gabihan/Basuit, SIB      51,295.00    48,806.00   10,294.00 21.09 4 

Maronquillo, SRB    127,796.00    87,777.00    40,019.00 45.59 3 

Malipampang/ 

Telapatio, SIB 

 182,623.00    85,899.50    96,723.50 112.60 1 

Biclat, SMB   162.492.75    83,631.60    78,861.15 94.30 2 

Average  P 91,409.80 P 65,110.02 P 39,447.78 44.43  

 

 

 

 

 

 
 

Figure 1. Conceptual framework of the project 
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Monthly Income 
Monthly Expenses 

 
 

Figure 2. Sex disaggregated data of project beneficiaries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

Figure 3. Monthly income and expenses of beneficiaries before the project implementation 
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Figure 4. Results of training needs assessment of project beneficiaries 
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Abstract 

Acidulated phosphate fluoride (APF) gel has proven helpful in caries prevention and is highly 

utilized in a dental office. Most APF gels are composed of synthetic gelling agents, whereas gelling 

agents from natural resources are gaining increasing attention because of their environmentally 

friendly properties. We hypothesized that different gelling agents could affect gel appearance, 

properties, and satisfaction. This study aimed to investigate volunteers’ satisfaction with APF-

containing rice gel compared to commercial APF gel. A single-blind experiment was conducted by 

recruiting 47 healthy undergraduate students aged 18–25-year-old who were randomly divided into 

two groups (APF-containing rice gel and commercial APF gel). The data about the volunteers’ level 

of satisfaction with taste, texture, and viscosity were collected using a 5-point Likert scale. The results 

showed that over 82% of participants were satisfied with the texture while 65% and 69% were pleased 

with the taste and viscosity of the APF-containing rice gel. On the contrary, the commercial gel is 

much more likely to be acceptable than the APF-containing rice gel. The statistical test showed a 

difference in gel’s taste (p=0.023) and viscosity (p=0.010). The study concluded that the APF-

containing rice gel provides appropriate patient satisfaction and has the potential to improve patient’s 

overall satisfaction. 

 

Key words: Acidulated phosphate fluoride, Rice gel, Satisfaction, Topical fluoride 

 

Introduction 

Dental caries and fluoride 

Dental decay is a major health issue 

affecting billions worldwide. Early clinical 

signs of caries can manifest as a non-cavitated 

white lesion. If these lesions are not well-

managed, further mineral loss will lead to a 

breakdown of tooth structure and appear as a 

cavity (Peres et al., 2019).  

Fluoride is beneficial and has been shown 

to aid in preventing tooth cavities. 

Professionally applied topical fluorides 

(PATFs) with a high concentration are the 

primary means of preventing caries in private 

practice and public health settings (Hawkins et 

al., 2003). PATFs are recommended for 

children and adults with one or more decaying 

smooth surfaces or those at high cariogenic 

risk. The frequency of administration is 

determined by the patient's risk of caries and is 

commonly recommended every 3 to 6 months 

(Hawkins et al., 2003; Weyant et al., 2013). 

 

Acidulated phosphate fluoride gel 

With many forms of PATFs, acidulated 

phosphate fluoride (APF) gel is a preferred 

treatment because the gel formulation can be 

easily applied in mouth trays (Ripa, 1990). 

APF, initially formulated by Brudevold and 

DePaola in 1966, has a well-established history 

of clinical trials and has found success in 

reducing caries (Newbrun, 2011). A meta-
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analysis on APF that combined the results of 25 

trials found an average 28% reduction in 

decayed, missing, and filled tooth surfaces  

(Marinho et al., 2015). 

APF is formed by the reaction of sodium 

fluoride, phosphoric acid, and gelling agents 

with a pH of approximately 3.0-4.0. APF gel 

comes in a semi-solid preparation in a closed 

plastic container (United Stated Pharmacopeia 

USP, 2020).  

Since 2002, Thailand has incorporated 

Universal Health Coverage (UHC) into its 

National Health System, giving every Thai 

citizen the right to receive fundamental health 

care  (Sitthisettapong et al., 2021). PATFs are 

free-of-charge procedures under UHC for all 

Thai children aged under 12 years. According 

to the 2020 budget report, 35% (2.4 million) of 

children aged between 4 to 12 had access to 

PATFs through the UHC program 

(Jongsongserm, 2020). 

 

Rice gel 

Various pharmaceutical gel bases are 

made of synthetic gelling agents, e.g., acrylic 

acid copolymers and monomethyl or 

monomethacrylate, which are non-renewable 

resources. It has been previously reported that 

rice grain can be modified to become an 

environmentally friendly and biodegradable 

product that can be used as a natural water-

soluble polymer and gelling agent with proper 

properties suitable for buccal mucosa adhesion 

(Okonogi et al., 2014). Carboxymethylation is 

one of the most effective chemical modification 

procedures to modify rice starch into 

carboxymethylation starch (Pfeiffer et al., 

2002). 

APF-containing rice gel is a semi-solid 

topical gel composed of 1.23% APF and uses 

chemically modified Thai rice as a gelling 

agent. The obtained gel meets desirable 

physical properties and visual appearances 

suitable for use as fluoride gel (Rukraem & 

Jumpakul, 2018). However, APF-containing 

rice gel has not yet been used on a human. 

Hence, the present study emphasized feedback 

and satisfaction with this APF-containing rice 

gel before further use in dental offices and 

providing a more sustainable practice through 

biocompatible products. 

 

Materials & Methods 

Materials 

The tested APF gels for evaluating 

patient satisfaction were Chiang Mai 

University strawberry-flavored rice gel 

formulation and a commercial gel (60 Second 

Gel Strawberry®: Germiphene co., Canada) 

shown in Figure 1. APF-containing strawberry 

flavor rice gel with 1.23% APF as an active 

ingredient was obtained from the gel 

formulation team at Chiang Mai University, 

Thailand. The physical and chemical properties 

of gels are described in Table 1. 

 

Methods 

A descriptive cross-sectional single-

blind study was conducted at the Faculty of 

Dentistry, Chiang Mai University. The 

participants in the experiment were blinded to 

the type of gel. Forty-seven healthy 

undergraduate students at Chiang Mai 

University aged 18-25 were allocated into two 

groups (APF-containing rice gel and 

commercial APF gel), wherein an allocation 

was done by stratified block randomization 

with caries risk levels as strata. The study 

protocol was approved by the Human 

Experimentation Committee, Faculty of 

Dentistry, Chiang Mai University (NO. 

19/2021).  

The teeth were cleaned by patient 

brushing or additional dental prophylaxis if a 

heavy plaque was found. APF gel application 

was according to ADA recommendation 

(Weyant et al., 2013). Generally, the fluoride 

gel procedure consists of 5 ml of APF gel in 

disposable foam trays. The gel was loaded 2.5 

ml per tray and inserted into the upper and 

lower arches separately. The patients were 

seated upright for 4 minutes using a suction 

device to avert gel ingestion before the 

expectoration of remaining gels. Participants 

were encouraged not to eat, drink, or rinse for 

30 minutes (Hawkins et al., 2003). 

After the fluoride application, the 

satisfaction was evaluated using a 5-point 

Likert scale questionnaire about taste, texture, 

and viscosity, as follows: 1: very unsatisfied, 2: 

unsatisfied, 3: neutral, 4: satisfied, 5: very 

satisfied. An additional comment box was 



Proceedings of International Conference “Innovation for Resilience Agriculture”  
October 19-21, 2022, Chiang Mai University, Thailand  
 

35 
 

available, and a history of patients who have 

received or recently received PATFs was 

recorded. 

 

Statistical Analysis 

Statistical analysis was performed using 

SPSS version 22.0 (SPSS Inc., Chicago, IL, 

USA). Descriptive statistics: number 

(percentage) and mean (± standard deviation) 

were used to describe participants' 

characteristics. Chi-squared test and t-test were 

used to verify the normal distribution of the 

baseline characteristics. The primary statistical 

analysis was to compare the satisfaction 

between the two gel groups using Fisher's exact 

test. Background variables that could affect 

satisfaction, such as gender and the history of 

PATFs, were further conducted in the same 

manner for secondary analysis. A p-value of 

less than 0.05 was considered to be statistically 

significant. 

 

Results 

Study population characteristic 

The average age was 20.21 ± 1.11 (18 

to 24 years) with twenty-seven (60%) female 

participants. All participants were not currently 

taking any PATFs treatment, and most 

participants (85%) had never received any form 

of PATF. None of the participants were dental 

students, and no relevant statistical differences 

in baseline characteristics were found between 

groups. The baseline characteristics of the 

study samples are shown in Table 2. 

 

Gel satisfaction between gel groups 

Due to lacking response in dissatisfied 

categories, the authors combined the responses 

"very satisfied" and "satisfied" to create one 

variable "satisfied," and those "neutral" and 

below were considered "dissatisfied." 

Satisfactory scores in three categories by gel 

groups are shown in Figure 2. 

Over 82% of participants in the rice gel 

group were satisfied with the texture of the gel, 

but only 65% and 69% were pleased with the 

taste and viscosity of the rice gel, respectively. 

Contrastingly, the commercial gel was much 

more likely to be acceptable than the other as 

ninety-five percent of the participants in the 

commercial gel group were satisfied with gel 

taste, texture, and viscosity. The statistical test 

showed a difference in gel taste (p=0.023) and 

viscosity (p=0.010) satisfaction between the 

two types of gels. 

 

Association between satisfaction and baseline 

characteristics 

Figure 3 shows that males had lower 

satisfaction compared to females in every 

aspect. The statistical test showed a minimal 

difference for taste (p=0.047), where 31% of 

males were dissatisfied while only 7% of 

females found dissatisfaction with the gel's 

taste. However, the findings in texture and 

viscosity did not reach a statistical significance. 

The study revealed that only 7 

participants (13%) had previously received 

PATFs, all of which were fluoride gel. Those 

who once had had PATFs were fully satisfied 

in three categories. Conversely, 20%, 12.5%, 

and 22.5% of participants who had never had 

PATF before were dissatisfied with taste, 

texture, and viscosity, respectively. A statistical 

test on the history of PATFs could not be done 

due to the limited sample size. 

 

Participants’ feedback 

Fifteen participants (32%) provided 

additional comments. The most mentioned 

(n=6) was that the rice gel tasted too sour. The 

subsequent order was about their sensations 

during the procedure (n=5), such as 

hypersalivation due to the acidic taste, although 

none of them were unwholesome feelings. Two 

participants explicitly commented that they 

were willing to take gel containing rice as they 

felt safe due to the use of the bioproduct. 

 

Discussion 

This study compared the product 

satisfaction of an admixture of APF-containing 

rice gel to a commercial APF gel in a young 

adult group. Through the use of biocompatible, 

natural gelling solutions, we expect to enable 

an application in programs that promote dental 

health and offer a sustainable practice. 

In this study, approximately three-

fourths of the participants indicated a need for 

PATFs treatment due to having moderate to 

high caries risk. As roughly 2 million children 

in Thailand consistently administrated PATF 
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through the UHC program, these findings 

emphasized the commercialized potential of  

 

 

 

Table 1 Physical and chemical properties of gels 

Properties 
Gel types 

APF-containing rice gel Commercial APF gel 

Color Pink Red 

Opacity Slightly transparent Opaque 

Air bubble Minimal Minimal 

pH (Mean, SD)a 4.89 (0.012) 4.25 (0.004) 

Average viscosityb 2,592 cPs 1,942 cPs 

a Mean of 3 pH readings at a temperature of 25 ± 0.5°C (691 pH Meter: Metrohm co., Switzerland) 
b Measuring viscosity (centipoises; cPs) with rotational rheometry at a temperature of 25 ± 0.5°C using thin-gap parallel-

plate configuration at shear rates ranging between 5 and 120 s-1 for 120 seconds (R/S Rheometer: Brookfield co., USA) 

 

Table 2 Baseline characteristics of the study samples 

 
Variables 

APF-containing rice gel 

(n=23) 

Commercial APF gel  

(n=24) 
p-value 

 Ages (Mean, SD) 20.47 (1.39) 19.96 (0.71) 0.320 

Gender 
Male (%) 

Female (%) 

12 (52%) 

11 (48%) 

7 (29%) 

17 (71%) 
0.142 

History of 

PATFs 

Never (%) 

Once or more (%) 

20 (87%) 

3 (13%) 

20 (83%) 

4 (17%) 
-a 

Caries risk 

High (%) 

Moderate (%) 

Low (%) 

11 (48%) 

6 (26%) 

6 (26%) 

10 (42%) 

9 (37%) 

5 (21%) 

0.699 

Professionally applied topical fluorides (PATFs). 
a Chi-squared test on the history of PATFs couldn't be done due to the limited sample size. 

 

 
 

Figure 1. Appearance of APF gels (A) APF-containing rice gel; (B) commercial APF gel 
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Figure 2. The percentage of satisfaction (classified by gel group) 

 

 
 

Figure 3. The percentage of satisfaction (classified by gender) 
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domestic professional fluoride 

products and an extension of UHC benefits 

to cover fluoride treatment in young adults. 

Both gels demonstrated a good level 

of patient satisfaction due to the pleasant 

flavor of APF and appropriate clinical 

techniques to minimize patient discomfort 

during the 4-minute procedure. However, 

rice gel's taste achieved notably lower 

satisfaction than commercial gel, and 

participants often mentioned that the rice 

gel was too sour. We presume phosphoric 

acid, one of the primary ingredients, 

provides a tangy solid flavor. An additional 

gel flavoring to conceal its acidic taste is 

required to improve the patient taste 

acceptance. 

While commercial gel, which has a 

lower viscosity than rice gel, attained higher 

satisfaction, a previous study has shown 

that lower viscosity gel could end up with 

more fluoride available for ingestion. These 

residual amounts of fluoride may be 

associated with complaints of nausea and 

occasional vomiting in children after 

topical fluoride therapy (Eisen & Le 

Compte, 1985). Whereas, rice gel's 

viscosity is higher so that it adheres to teeth 

better and is less likely to be swallowed. 

 

Conclusion 

 The APF-containing rice gel could 

provide a pleasant form of PATF for 

utilization in a dental clinic under 

appropriate clinical procedures. The proper 

balance between the benefits of high 

viscosity and patient acceptability, in 

addition to further improvements in gel 

taste are required to meet patient 

expectations. 
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Abstract  

Climate change affects surface temperatures which cause severe weather conditions, 

especially hailstorms. This study presents a severe hailstorm forecasting developed by Artificial 

Neural Network (ANN). This forecasting is required for weather modification operations of the 

Department of Royal Rainmaking and Agricultural Aviation (DRRAA) for hailstorm suppression 

activity. The forecasting is displayed as a map that interpolates probability between each atmospheric 

sounding station.  The prediction integrates data from daily upper-air sounding observation at 0000 

UTC.  The dataset contains environmental and air parcel properties which are interpreted by Thailand 

Cumulus Modelling (TCM). The hail events data were collected by social media and volunteers in 

each region of Thailand. The data was verified against cloud's properties, detected by the weather 

radar. The model algorithm is trained as a classification method with TCM indices and severe hail 

events dataset during 2019 -2021 in Thailand. The feature from the training dataset was selected by 

Pearson Correlation Coefficient (PCC). The performance of the ANN forecasting model compared 

to other forecasting models is satisfied, the testing accuracy is up to 74%. 

Keywords: Artificial Neural Network, Forecasting, TCM 

Introduction 

Since 1850, global warming has 

increased the near-surface temperature by 

~1K, higher on land than in the oceans 

(Alexander et al., 2013). Global warming is 

accepted as causing climate change which 

modifies the weather and environment. 

Climate change is expected to change the 

environment which affects hailstorm 

formation, low-level moisture, and convective 

instability (Kunz et al., 2015; Rasmussen et 

al., 2020). Climate change has increased the 

incidence of hailstorms and produced larger 

hailstones (Raupach et al., 2021). The 

tropospheric thermal is changed and melting 

level height structure increased ~32 m per 

decade during 1979–2010 affected by climate 

change (Prein & Heymsfield, 2020). 

Hailstorm suppression activity is a part 

of the DRRAA's missions. The mission not 

only reduced the intensity of hailstorms but 

also increased the volume and duration of 

rainstorms (Rosenfeld & Silverman, 2003). 

Hail suppression works well with AgI seeded 

into the cloud resulting in a reduction of 

approximately 53% in the hail mix ratio 

(Javanmard & Karimpirhayati, 2012).  

Daily upper-air sounding observation 

provided a vertical profile or sounding of the 

atmosphere is important for weather 

modification activities. A study of sounding-

derived parameters from sounding-based 

observations showed that the Lifted Index or 

CAPE and 0–6 km wind shear independently 

differed greatly between hail and non-hail 

events (Groenemeijer & van Delden, 2007). 

ANNs are a class of Artificial 

Intelligence (AI) algorithms that have been 

used for developing decision-making model 

systems (Mishra & Srivastava, 2014). ANN is 

applied to meteorological data to provide an 

accurate thunderstorm occurrence forecast 

(Ali et al., 2011). 

Most of the hail events occurred rapidly 

in the late afternoon. Therefore, early 

operations planning is needed for flight 

planning, instrumentation, and operation team 

preparation. An application of the ANN model 

is one of the most important tools to predict the 

potential seeding areas for hail suppression.  
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In this research, we integrate ANN and 

mathematical modeling to predict hazard areas 

for severe hailstorms from daily upper-air 

sounding at 0000 UTC. We compare the test 

accuracy of each model and apply the best 

benefit model to hailstorm forecasting. 

 

Data & Methods 

Data preparation 

The upper-air sounding dataset had 

collected as TCM indices during 2019-2021. 

We matched the 161 days of the hail event to 

the sounding data that observed every morning 

at 7.00 AM local time or 0000 UTC during 

monsoon season. The raw data were analyzed 

by TCM which releases upper air indices. The 

observations are divided into 4 sections 

depending on the region of Thailand, northern, 

eastern, northeast, and central & western 

(Table 1).  

We reduce the data and analyze features 

with PCC for model training. The features with 

a high correlation to hail events by region are 

plotted in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model development method 

We develop prediction models by 

supervised learning with scikit-learn from the 

Python library (Pedregosa et al., 2011). The 

70% of the data set is fitted with different 

methods to produce models, Gaussian Naive 

Bayes (GNB), Nearest Neighbors Classification 

(NNC), Multiple Linear Regression (MLR), 

and Stochastic Gradient  

Descent (SGD). ANN model is trained 

by data set with Keras Python library (Chollet 

& others, 2015).  The testing scores by 30% of 

the data set are shown in (Table 2). 

We compare the testing score of each 

model for the best accuracy and precision in 

each area. The models will use as a prediction 

of near areas interpolated with distant to the 

Table 1 The upper-air sounding station and location. 

 

Table 2 Model accuracy and precision results tested with 30% of the data set. 
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other location to produce the hazard hailstorm 

forecasting map.                                                                                                                  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

The PCC scores were computed for 

feature selection, which reduces the number of 

unrelated input features for fitting models. The 

effects of hailstorms depend on orographic and 

weather conditions in each area. However, the 

air uplift index had the highest correlation in 

all areas. Showalter Index (SI) (Showalter, 

1953) concerns the thunderstorm potential and 

severity. PCC shows that the SI is most 

effective to hailstorm in northern -0.601 score 

(Figure 1). The most related index to 

hailstorms in eastern is lifting condensation 

level (LCL) which is the height at the relative 

humidity (RH) of an air parcel of 100% related 

to previous study (Daidzic, 2019). The 

Convective Available Potential Energy 

(CAPE) correlate to hailstorm formation in all 

regions, especially in the central and eastern 

areas, with 0.774 PCC. In the northeast, the 

best related to hailstorm events is the Lifted 

index (LI) (Weisman & Klemp, 1982) which 

is defined as the difference between the 

observed temperature and the temperature of a 

parcel related to the stability of the air. The 

related other indices depend on weather 

conditions in each region.  

ANN model was best suited to 

forecasting in all regions except the Northeast, 

NNC was more suitable with 83.71% accuracy 

80.89%, and 80.89% precision (Table 2). 

ANN provides good predictions in all regions.  

However, the data used to develop the models 

collected for 3 years (2019-2021) was only 

161 hail events days, which is small sample 

and may cause result in over-accuracy in 

fitting the model. Artificial intelligence 

models require a lot of training data to 

develop.  

For operational, we apply the most 

suitable model for each region. Each area’s 

predictions are weighted interpolated by the 

distance of near sounding stations. The 

prediction is calculated for the Mueang district 

of each province’s locations. The forecasting 

results are released as percentages of hail 

Figure 1. PCC scores analyzed with TCM indices and hailstorm events.  
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events potential which are displayed on 

Thailand map.  

 

Discussions and Conclusions  

Climate change affects the frequency, 

hail size, and intensity of hailstorms (Raupach 

et al., 2021). Hailstorms can damage 

buildings, agriculture products, property, and 

lives. Hail storm forecasting and suppression 

can reduce and avoid damage, especially in 

agriculture. In this work, we developed 

mathematical models and artificial 

intelligence to forecast hail event areas to 

support planning for hailstorm suppression 

missions.  

The upper-air sounding is relevant and 

associated with hailstorms. The PCC scores 

between TCM indices and hail events were 

relatively high, especially the elevation value 

of the uplift index and CAPE. The LI, CAPE, 

and wind shear are shown significant effects 

on hailstorms (Groenemeijer & van Delden, 

2007). The development of models for 

forecasting from sounding and weather radar 

with Weather Research and Forecasting 

(WRF) and Machine learning (ML) is popular 

due to its high accuracy and needed low-

performance computers (Adams-Selin & 

Ziegler, 2016; Gagne et al., 2017).  

In this work, we develop a severe 

hailstorm forecasting developed by multiple 

mathematics models and AI. The test models 

show that the forecasting is highly accurate 

and precise. However, the hail event data used 

to develop the model had a short-term period, 

2019-2021. The models can be overfitting 

which fitted statistics functions too closely to 

a limited set of data points.  The overfitting 

models can be improved in future work by 

taking more input data sets.  
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Abstract  

Kathi coconut cannot germinate in nature, the embryo rescue technique was used. But the 

efficiency of seedling production is still low. This research aimed to develop embryo culture for 

breeding work of the Department of Agriculture. The result showed that medium and embryo 

placement characteristics affected 5 varieties, NamHom x Kathi (NHK), Malayan Dwarf x Kathi 

(RDK), Thungkled x Kathi (TKK), West African Tall x Kathi (WAK) and Malayan Yellow Dwarf x 

Kathi (YDK), of hybrid Kathi coconut embryo germination. In the dark, the germination rate of solid 

medium ranged from 69.0 to 99.7 percent, while the liquid culture was 50.7 - 72.3 percent, embryo 

germination in solid medium was better than in liquid mediums. The hybrid coconuts of RDK, TKK, 

WAK and YDK cultivars where were grown in Murashige and Skoog (MS) solid medium with the 

addition of 2,4-Dichlorophenoxyacetic acid (2,4-D) 1 mgl-1 showed that embryo germination was 

better than in modified Y3 solid medium, and also MS solid medium with the addition of 2,4-D 1 

mgl-1 found longer shoots than the modified Y3 solid medium. 

 

Key words:: embryo placement, germination, hybrid, Kathi Coconut, medium  

 

Introduction 

The coconut (Cocos nucifera L.) is a 

major Thai economic crop. At present, the 

major growing areas are still in the south 

especially in Prachuap Khiri Khan, Chumphon 

and Surat Thani provinces. in 2008 – 2013, 

productive area and yield decreased with age 

and plant conditions, because most of the area 

is the old coconut plantation. And in 2010, an 

outbreak of coconut pests and the drought 

during the relatively dry weather to suitable for 

the infestation of such insects. As a result, the 

coconut yield is less. Conduce to a shortage of 

raw materials, high price per fruit. As a result, 

farmers have increased demand for good 

coconut varieties. But the government has 

insufficient production capacity. 

Embryo culture is a technique that has 

been practiced by breeders for a long time. The 

key benefit is Helping the embryos of plants 

that cross-species or cross genus and become 

sterile to grow into a complete plant. Kathi 

coconut cannot germinate in nature, the embryo 

rescue technique was used. But the efficiency 

of seedling production is still low. Using Kathi 

coconut embryo rescue technique, the zygotic 

embryos were successfully cultured in several 

laboratories. (Ashburner, 1991, Assy-Bah, 

1989, Karunaratne et al., 2009, Rillo and 

Paloma, 1990) In Thailand, Somchai et al. 

(2008) successfully made Kathi coconut 

embryo culture and this technique is currently 

used as a good Kathi coconut production 

system of the Department of Agriculture. The 

result showed that medium and embryo 

placement characteristics affected 5 varieties, 

NamHom x Kathi (NHK), Malayan Dwarf x 

Kathi (RDK), Thungkled x Kathi (TKK), West 

mailto:sachati08@hotmail.com
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African Tall x Kathi (WAK) and Malayan 

Yellow Dwarf x Kathi (YDK), of hybrid Kathi 

coconut embryo germination. 

 
Materials & Methods 

Sample preparation 

Embryos of hybrid Kathi coconut 5 

varieties, NamHom x Kathi (NHK), Malayan 

Dwarf x Kathi (RDK), Thungkled x Kathi 

(TKK), West African Tall x Kathi (WAK) and 

Malayan Yellow Dwarf x Kathi (YDK) were 

isolated from 11 months old fruit from 

Suratthani Seed Research and Development 

Center Tha Chana District, Suratthani 88170. 

They were shaken in 70% alcohol for 5 min 

fallowed by in 15 and 10% Clorox solution for 

15 and 10 min and then washing with sterile 

distilled water 3 times in laminar air flow 

station. 

The experiment has a completely 

randomized design with 3 treatments, consist of 

hybrid Kathi coconut 5 varieties’ embryo that 

the fruiting age 11 months and culture medium 

with Embryo Placement Characteristics; 

modified Y3 liquid medium (Parinda, 2018) 

(Figure 1A), modified Y3 solid medium with 

placed upward (Figure 1B) and Murashige and 

Skoog (MS) solid medium with the addition of 

2,4-Dichlorophenoxyacetic acid (2,4-D) 1 mgl-1 

(Orathai, 2019) with placed upward. Each 

embryo was cultured in the dark and taken for 

8 weeks. Number of embryo’s germination and 

development were observed and recorded each 

2 weeks from 2 months after culturing. 

Eight weeks later when shoots started 

growing, they were sub-cultured in modified 

Y3 solid medium and transferring to the light 

under the illumination of cool-white, 

fluorescent tubes of about 37 µmol m-2 s -1 for 

16 h/day photoperiod, 25+2 oC about for 8 

weeks. Number of shoot and plantlet’s 

development were observed and recorded each 

2 week from 2 months. 

 

Results 

Effect of medium and Embryo 

orientation on germination. To study the effect 

of Medium and Embryo Placement 

Characteristics on the percent germination, in 

the dark that the germination rate of solid 

medium ranged from 69.0 to 99.7 percent. 

While the liquid culture was 50.7 - 72.3 

percent, embryo germination in solid medium 

was better than in liquid mediums. The hybrid 

coconuts of TKK cultivars were grown in both 

solid mediums, there was significantly greater 

germination than in the modified Y3 liquid 

medium (Table 1). And found that the hybrid 

coconuts of RDK, TKK, WAK and YDK 

cultivars where were grown in Murashige and 

Skoog (MS) solid medium with the addition of 

2,4-Dichlorophenoxyacetic acid (2,4-D) 1 mgl-1, 

showed that percent germination (86.7, 99.7, 

93.3 and 82.3%) was better than in modified Y3 

solid medium (74, 86.4, 69 and 74%). And also 

MS solid medium with the addition of 2,4-D 1 

mgl-1 found longer shoots than the modified Y3 

solid medium (Figure 2). 

 Eight weeks later when shoots started 

growing, they were sub-cultured in modified 

Y3 solid medium and transferring to the light. 

It was found that embryos from the modified 

Y3 liquid medium had only 28.7 - 53.3 percent 

to developed plantlets. while embryos from 

solid medium culture modified Y3 and MS 

added 2,4-D 1 mgl-1 with place upward had 

62.7 - 99.7 percent to developed plantlets. 

(Figure 3) 

 The hybrid coconuts of NHK and TKK 

cultivars from the solid mediums, there was 

significantly greater plantlet’s development than 

in the modified Y3 liquid medium (Table 2). 

 

Discussion 

To study the effect of Medium and 

Embryo Placement Characteristics on the 

percent germination in the dark, found that 5 

varieties hybrid Kathi coconut embryo 

germination in solid medium was better than in 

liquid mediums (Table 1). After culturing 8 

weeks in the dark, when they were sub-cultured 

in modified Y3 solid medium and transferring 

to the light, it was found that percent of 

embryos development from were cultured in 

the both solid mediums are better than from 

were cultured in liquid medium (Table 2). In 

accordance with Pech Y Ake et al. (2004) 

studied to enhanced aerobic respiration 

improves In Vitro coconut embryo germination 

and culture. Germination of Malayan Green 

Dwarf (MGD) coconut embryos was tested in 

liquid and solid medium. It was found that the 
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percentage of germination increased when the 

embryo was fed on solid medium, especially 

when the embryo with the micropyle side is 

placed upward. Causing exposure to the air 

inside the bottle and embryo proliferation is 

inhibited when the ambient atmosphere is 

replaced by N2 or when anaerobic respiration 

inhibitors are added to medium. The result 

showed that embryo proliferation requires 

aerobic respiration and germination in an 

upward position will result in better seedling 

development. In conclusion that medium and 

embryo placement characteristics affected 5 

varieties of hybrid Kathi coconut embryo 

Germination, it was found that the embryos 

were cultured in solid medium in the dark 

showed the best embryo germination and 

development to plantlet. 

  

Table 1 Embryo germination percent of five varieties hybrid Kathi coconut after 8 weeks of culturing 

in medium with embryo placement characteristics in the dark. 

Treatment 
Embryo germination in the dark (percent) 

NHK RDK1/ TKK1/ WAK YDK 

modified Y3 liquid medium  51.0 53.3 b  50.7 b 60.0 72.3 

modified Y3 solid medium with placed upward 86.7 74.0 ab 86.7 a 69.0 74.0 

MS solid medium with 2,4-D 1 mgl-1 with placed upward 80.0 86.7 a 99.7 a 93.3 82.3 

C.V. (%) 44.8 20.0 18.5 29.5 22.7 
1/ The averages in the same column that follow with the same letter were not statistical difference at 95% confidence level by DMRT 

 

Table 2 Embryo development percent of five varieties hybrid Kathi coconut, from were cultured 

medium with embryo placement characteristics in the dark, after 8 weeks of sub-culturing 

in modified Y3 solid medium and transferring to the light.  

Treatment 
Embryo development in the light (percent)   

NHK1/ RDK TKK1/ WAK1/ YDK 

modified Y3 liquid medium  28.7 b 45.0 35.7 b 53.3 b 45.3 

modified Y3 solid medium with placed upward 
80.0 a 62.7 86.7 a 69.0 ab 62.7 

MS solid medium with 2,4-D 1 mgl-1 with placed upward 73.3 a 86.7 99.7 a 93.3 a 82.3 

C.V. (%) 35.5 34.8 27.8 27.5 30.6 
1/ The averages in the same column that follow with the same letter were not statistical difference at 95% confidence level by DMRT 

 

 
 

Figure 1 Embryo in liquid medium (A) and in solid medium with placed upward (B) 

 

A 

 

B 
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Figure 2 Embryo germination of hybrid Kathi coconut after 8 weeks of culturing in medium with 

embryo placement characteristics in the dark. 

 

 

 
NHK     RDK          TKK   WAK        YDK 

 

Figure  3 Embryo development percent of five varieties hybrid Kathi coconut  after 8 weeks of sub-

culturing in modified Y3 solid medium and transferring to the light. 
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Abstract   

The effects of packaging conditions and storage time on soybean seed composition were 

studied. The experimental design was factorially arranged in RCB and consisted of 2 factors: 

packaging materials, i.e., polyethylene, aluminum foil, and woven; storage duration, i.e., 0, 2, 4, 6, 

8, and 10 months. The percentage of germination, seed vigour, moisture content, and protein and oil 

content were determined before storage and 2, 4, 6, 8, and 10 months after storage. Soybean seeds 

with an initial moisture content of 10.47% packed in aluminum foil and polyethylene bags maintained 

their moisture content as the storage period increased. The initial germination (91%), proteins 

(36.21%), and oil (21.64%) were retained in the aluminum foil, improving the storability of the seeds. 

Germination and viability decreased with the duration of storage. It was also found that alufoil bags 

could be the best option for seed packaging among polyethylene and woven bags in terms of seed 

quality preservation, as shown by the different parameters of seed quality evaluation indicators. Seeds 

stored in aluminum foil bags were affected by storage, but the effects were more pronounced for 

polyethylene bags than for woven bags. 

 

Key words: proximate composition, seed quality, soybean seed, storage container, storage period 

 

Introduction 

Soybean (Glycine max L.) is a legume 

of the papilionaceous family (Fabaceae) that 

grows in tropical, subtropical, and temperate 

climates. Soybeans are an important crop with 

a protein content of 40%, 32% carbohydrates, 

20% unsaturated fats, 5% minerals and 3% 

dietary fiber and other trace elements. The oil 

contains about 0.5-1.0 percent lecithin, which 

is important for building human nervous tissue. 

Soybean oil is the largest component of edible 

oils produced in the world. Soybeans account 

for 30% of world production of edible oils 

(Rubatzky, 2012). The use of soy proteins in 

human nutrition is gaining importance due to its 

low cost, increasing availability and excellent 

functional properties in food systems, 

continuous innovative efforts to include a wide 

range of products and, most importantly, its 

positive nutritional profile (Narayan, 2013). 

Seed quality is a complex characteristic 

determined by the genetic, physical, 

physiological, and health properties of a seed 

(Delouche and Baskin, 1973, McDonald, 

1999). These properties, in turn, are influenced 

by agroecological conditions in the seed 

production field, seed handling and processing, 

storage conditions, and storage duration (Vieira 

et al., 2001, McDonald, 1998). At each stage of 

seed production, great care is taken by the seed 

producer to ensure optimum quality. Seed 

quality therefore includes genetic and 

mechanical purity, germination, vigour, and 

seed health (McDonald, 1998). The type of 

packaging material to be used depends on 

several interrelated factors, such as type and 

quantity of seed, type and size of packing, 

intended storage period, storage environment, 

and geographic location of storage (Justice and 

Bass, 1978). Proper packaging and ideal 

storage conditions are required to maintain seed 

quality (Vange, 2016). The aim of the present 

work is to investigate the influence of 

packaging material and storage duration on 
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protein content, oil and quality of soybean 

seeds. 
Materials & Methods 

This study was conducted at Chiangmai 

Seed Research and Development Centre and 

used some of the laboratories of Chiangmai 

Field Crop Research Centre to conduct quality 

analysis of soybean seeds. Five hundred 

grammes (500g) of soybeans were measured 

into the packing material. They were then 

stored for 0 months, 2 months, 4 months, 6 

months, 8 months and 10 months. The 

packaging material used was polyethylene bag, 

aluminum foil bag and woven bag as control. 

All samples were stored at storage temperatures 

of 15°C, 45% RH.  

 

Seed moisture content (ISTA, 2019):  

In a set of 4 replicates of the seed 

sample of each treatment, the moisture content 

of the seed was determined by the method of 

electric seed moisture meter. The instrument 

consists of a pressure unit that is used to press 

the sample to a predetermined thickness. The 

set thickness can be read very easily on a 

vertical and circular scale. The seed to be tested 

is placed in a test cup and compressed. Then the 

pressure switch is pressed until the measured 

value appears on the display. In this case, no 

temperature display and no correlation scale are 

required. The computer version of the digital 

moisture meter automatically compensates for 

temperature corrections. 

 

Germination and vigour test 

All samples were tested for standard 

germination (coefficient speed of germination), 

performed monthly after storage was removed 

on four 100-seed replicated planted in the 

paper, moistened with distilled H2O. The 

number of germinated seeds (embryonic axis 

longer than 1 cm) for 7 days was recorded daily. 

The number of germinated seeds was 

determined according to the International Seed 

Testing Association (2022) as the cumulative 

number of normal seedlings per seed tested 

times 100%. The formula is: 

 
Germination % = 

 

 

Seed vigour test 

Seed vigour was evaluated using the 

accelerated aging test (AA). The test was 

conducted according to the International Seed 

Testing Association (2022) rules for seed 

quality testing. One hundred seeds per replicate 

and treatment were placed in a single layer on a 

wire grid in a plastic box of 10 x 10 x 4 cm with 

40 ml of distilled water of 41oC and a RH of 

100% for 72 hours in a AA chamber. 

Immediately after the aging period, seeds were 

removed from the chamber and planted on 

moist crepe cellulose paper on fiberglass trays 

and covered with 2.5 cm of moist sand. Seeds 

germinated for 7 days in a walk-in germination 

room with constant temperature of 25oC and 

alternating 4 hours of light and 4 hours of 

darkness for a total of 12 hours of light per day. 

 

Seed oil and protein content analysis 

All seed samples were finely ground to 

ensure maximum homogeneity and minimal 

sampling variation. Oil and protein 

concentrations in the whole seed samples were 

determined using a near-infrared spectroscopy 

method (Haq and Mallarino, 2005). The 

calibration process was described by Rippke et 

al. (1996) and subsequently made a standard 

method by the American Association of Cereal 

Chemistry (1999). Both oil and protein 

concentrations were adjusted to a seed moisture 

content of 130 g kg-1, since moisture content is 

generally used for industrial and commercial 

purposes. 

 

Statistical analysis  

Data were subjected to the analysis of 

variance (ANOVA)procedure of the Statistical 

Analysis System and the differences between 

treatment means were separated by the use of 

least significant difference (LSD) at the 5% 

level (IRRISTAT-5.0). 

 

Results 

Initial seed quality characteristics 

The initial seed moisture, vigour,1000 

seed weight and germination percentage were 

10.47%, 74%, 155g and 91% respectively. The 

initial seed oil and protein were 21.64% and 

36.21% respectively (Table 1) 

 

Total number of seeds germinated X100 

     Total number of seeds sowns 
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Effects of packaging materials and storage 

times on seed moisture content 

           The results of seed moisture content 

showed that the moisture content of soybean 

seeds changed during storage. The changes in 

moisture content of soybean during ten months 

of storage with different packaging materials 

and their interactions were studied. Soybean 

seeds packaged in woven bag had the greatest 

variation in moisture content compared to the 

other packaging materials stored (Figure 1), 

indicating that the type of packaging greatly 

affected the moisture content of the seeds. 

During storage, the moisture content of 

soybean seeds decreased significantly during 

the first two months, after which there was a 

significant increase until an equilibrium 

moisture content was reached, which then 

remained constant from month 4 to 10      

(Figure 1).  

 

Effects of packaging materials and storage 

periods on germination percentage 

        Germination of soybean seeds before 

storage (91%). Germination of soybean seeds 

stored in woven bags declined faster than when 

polyethylene and aluminium foil bags were 

used. Germination of seeds stored in a woven 

bag for 6 months was low (79%), followed by 

that in a polyethylene plastic bag (82%) and an 

aluminium foil bag (85%) (Figure 2). The 

woven bag resulted in the highest reduction in 

soybean seed germination, while the 

polyethylene plastic bag and aluminium foil 

bag resulted in the lowest reduction in 

germination (Figure 2). These results indicate 

that aluminium foil bags can reduce the 

decrease of germination of soybean seeds better 

than other packaging types. 

 

Effects of packaging materials and storage 

periods on vigour 

       Vigour percentage is an indicator of seed 

germination rate and uniformity. A high vigour 

value indicates that the seeds germinate at the 

same time in the early stage and have a high 

degree of germination. The only factor of 

package types in this study had a significant 

effect on vigour, as shown in Figure 3. The 

results of this study show that the percentage of 

germination strength decreases significantly 

with increasing storage time, which eventually 

leads to seed deterioration. 

Effects of packaging materials on protein 

content of stored soybeans  

       It was found that the protein content of 

soybeans in packaging material is different. It 

was found that the highest protein content was 

recorded for soybean in polyethylene bags 

(36.71%) and aluminum foil bags (36.79%), 

while the lowest content was recorded for 

soybean in woven bags (35.97), as shown in 

Figure. 4. The main effect showed that the 

packaging materials have a significant 

difference (P < 0.05) on the protein content of 

stored soybeans.  

 

Effect of Storage Period on the Protein 

Content of Soybeans 

          It was found that soybeans had the 

highest protein content of 36.99% and the 

lowest of 0 months (35.93%) when stored for 6 

months. It was found that the protein content 

increased with increasing storage period, as 

shown in Figure. 5. The protein content of 

soybean was the lowest at 4 months of storage 

(36.45%). The soybeans stored for 8 and 10 

months had a protein content of 36.49% and 

36.78%, respectively. A significant difference 

(P < 0.05) was observed in the protein content 

of soybean seeds between the different storage 

periods. 

 

Discussion 

         Most food grains have a hygroscopic 

property and therefore, when exposed to 

different conditions, they migrate from the 

grains to the environment or vice versa until 

there is a characteristic equilibrium or balance) 

between the moisture contained and the water 

vapour in the conditions (Razak et al., 2018). 

The present study (Figure 1) agrees with the 

findings of Tatipata et al., (2004) that storage 

of soybean seeds in flour bags leads to a faster 

increase in seed moisture content than storage 

in PE plastic bags, which is due to the more 

porous material of flour bags compared to PE 

plastic bags. Seed moisture content is the most 
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influential factor in seed quality decline. Seed 

quality decreases with increasing moisture 

content (Afzal et al., (2019). Aluminium foil 

bags can reduce the decrease of germination of 

soybean seeds better than other packaging 

types (Figure 2). The present study agrees with 

the findings of Arora and Padua (2010) that PP 

plastic is stiff and lightweight, has lower water 

vapour permeability, and is resistant to high 

temperatures. Also, Tatipata et al., (2004) 

reported that damage to the cell membrane due 

to deterioration would affect the condition of 

the embryo and cotyledons, which are mainly 

composed of carbohydrates, proteins, and fats 

useful for initial seed growth. Soybean seeds 

can be stored in polyethylene and aluminum 

foil bags for long periods of time, and the 

accelerated aging conditions accelerated the 

deterioration of the seeds, drastically reducing 

their viability. Murthyet al., (2003) considered 

that temperature and moisture content were the 

most important factors affecting the rate of seed 

deterioration. They used a wide range of water 

contents and storage temperatures to determine 

the relationship between progressive seed aging 

and several possible primary biochemical 

deterioration processes, including lipid 

peroxidation and sugar hydrolysis. The 

significant difference in protein content due to 

packaging material could be due to the airtight 

nature of some of the packaging materials.  For 

those exposed to hazards such as humidity, air, 

fluctuating relative humidity and temperature, 

carbohydrates were consumed by respiratory 

activity. Due to fungal activity and the decrease 

in carbohydrates, the protein content in the 

stored soybeans increased depending on the 

nature of the packing material. The difference 

in protein content could be due to fungal attack 

and the fact that carbohydrates were consumed 

for respiration activity. This resulted in an 

increase in protein content with increasing 

storage time. These results are in agreement 

with the work of Isaac et al., (2016) who 

reported that when soybean seeds were stored 

for six months, the highest mean percent 

protein content (30.14%) was found, while 

seeds without storage (28.37%) reached the 

lowest value. 

 

 

Conclusion 

        The effects of packaging conditions and 

storage time on soybean seed quality were 

determined. The quality of soybean seeds was 

affected by packaging conditions and storage 

time. The results of this study showed that the 

evaluated soybean seeds were rich in proteins 

compared to the results of previous studies. In 

both polyethylene and aluminum foil bags, the 

moisture content, germination percentage, 

vigour, and protein content of the seeds were 

significantly higher than in woven bags, with 

moisture content having an opposite effect. The 

polyethylene and aluminum foil bags were 

effective in maintaining the proximate values 

of soybean seeds.   
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Table 1 Initial seed quality characteristics of Soybeans seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Changes in moisture content of soybean seed packed in polyethylene bag, aluminum foil 

bag and woven bag and stored at control temperature for ten months. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Change in germination percentage of soybean seeds with different packaging during 

storage periods 

 

 

 

Moisture 

Content (%) 

Vigour  

(%) 

1000 seed weight  

(g) 

Germination 

(%) 

Protein 

% 

Oil  

%  

10.47 74 155 91 36.21 21.64 
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Figure 3. Effect of packaging materials and storage periods on the vigour change of soybean seeds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of packaging material on the Protein Content of stored soybeans 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Effect of packaging material on the Protein Content of stored soybeans 
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Abstract  

Study and investigate on water footprint of Arabica coffee productions in Mae Wang, Samoeng, 

and Doi Saket district in Chiang Mai province and Meung, Wiang Pa Pao, Mae Suai and Wiang Kaen 

district in Chiang Rai Province during 2019/20-2020/21 production year. The interview was 

conducted with the use of CROPWAT 8.0 program. The primary data was collected from 

interviewing the 33 famers by a questionnaire as field management practice and yield. The secondary 

data includes weather data, reference crop evapotranspiration (ETo), crop coefficient (Kc) and soil 

characteristic. From the interview, most farmers grow Arabica coffee in combination with natural 

forests or temperate fruit trees and tea. The water used for cultivation comes from rainwater. Famer 

using chemical fertilizers except for farmers who produce organic coffee that use only organic 

fertilizers and all farmers do not use pesticides. The result showed that Chiang Rai's water footprint 

is 8.08 m3kg-1, including 5.65, 0.00, and 2.43 m3kg-1 of green, blue, and grey water footprint, 

respectively. For Chiang Mai, the average water footprint is 7.06 m3kg-1 which are 6.87, 0.00 and 

0.19 m3kg-1 of green, blue, and grey water footprint, respectively. 

 

Key words: blue water footprint, CROPWAT 8.0, green water footprint, grey water footprint, water 

consumption 
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Introduction 

Coffee is one of the important economic 

crops of Thailand. That generates income for 

farmers about 2 billion baht per year 

(56,640,280 US$), including arabica coffee, 

which has important production area in the 

north part, such as Chiang Mai and Chiang Rai 

provinces, with the area harvested in 2021 is 

5,230.08 and 6,607.68 hectare, respectively. 

Therefore, robusta coffee is produced in the 

southern part as Chumphon and Ranong 

provinces, with the 2021 harvested area of 

12,550.08and 4,991.04 hectare, respectively. 

(Office of Agricultural Economics, 2021).  

At present, global trade focuses on the 

conservation of natural resources, the 

environment and human health, especially the 

issue of global warming and the limited water 

resources. Making the production of products 

to enter the world market must be 

environmentally friendly. 
Water Footprint, a term introduced by 

Hoekstra and Hung (2002) from the perspective 

of the use and international trade of water 

through the production chains whereas the 

agricultural sector used the most water, 92 

percent of the total water use (Mekonnen and 

Hoekstra, 2011). Coffee crop requires a great 

water availability in the soil. The requirement 

for water for the crop is known as the “green 

water footprint” and is obtained via 

precipitation. However, the water consumption 

of the coffee activity is not supplied only by the 

rain, since irrigation may be necessary, and to 

reach the final product, coffee crop still goes 

through other production stages that demand 

water consumption (blue water footprint) and 

can generate wastewater (grey water footprint). 
Veera et al., (2019) studied the water 

footprint of robusta coffee planted in 

Chumphon, Ranong and Surat Thani provinces 

from 2013-2017. It was found that the water 

footprint was 35.7 m3kg-1 is the green water 

23.4 m3kg-1, blue water was 11.8 m3kg-1 and 

grey water 0.4 m3kg-1. Martins et. al., (2018) 

reported the water footprint of coffee 

production, in Brazil between 2004/05 and 

2014/15, the national average was 492,840 

million cubic meters per 2,604 tons of coffee 

production (18,926 m3kg-1). The water 

footprint of robusta coffee in Vietnam was 

5.524 m3kg-1. (average yield 2,400 kg/ha) was 

a green water 3.97 m3kg-1, blue water 0. 40 

m3kg-1 and grey water 1.15 m3kg-1. However, 

this is global production of robusta coffee has a 

water footprint 21 m3kg-1 (Upali et al., 2013). 

In the past, Thailand has not assessed 

water footprints in arabica coffee, may be, due 

to planting under the shade of other trees and 

only used rainwater for growth, there is no need 

to accelerate the study of water use. However, 

at the present unpredictable of rainfall may 

directly or indirectly affect the growth and yield 

of arabica coffee, hence, coffee bean crop 

production could require a substantially of 

water to sustain a sufficient production. 

Therefore, the purpose of this study is to 

focuses on evaluating the water footprint of 

arabica coffee production in growing process. 

The results of this study will be used as a data 

source for evaluating the water footprint of 

production as used arabica coffee bean as raw 

materials. 
Materials & Methods 

The research methodology has the 

following steps:  

Survey and collected data from an 

interviewing coffee farmer as coffee 

management in Chiang Mai and Chiang Rai 

provinces, the largest planting arabica coffee 

area (Office of Agricultural Economics, 2021). 

Including collecting data on production of 

arabica coffee seedlings variety “Chiang Mai 

80” from an interview with staff of the Chiang 

Mai Royal Agricultural Research Center, 

Department of Agriculture. Summarize and 

synthesize the data collected from the 

questionnaire.  

The transpiration values of plants were 

determined using CROPWAT 8.0, where 

climate data, soil and plant data were imported.  

Finally, the water footprint of crops was 

calculated. In this study, the water footprint 

assessment manual “The Water Footprint 

Assessment Manual” was carried out by 

Hoekstra et al. (2011).  

Water Footprints can be classified into 3 

types as follows: 1) green water footprint 

(WFgreen) is used to measure the amount of 

water demand in terms of rainfall in the form of 
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Soil moisture, 2) blue water footprint  
(WFblue), used to measure the amount of water 

demand in natural water sources, both surface 

water and underground water, 3) grey water 

footprint (WFgrey) is used to measure the 

amount of water needed to adjust the pollution 

conditions in water sources to be within the 

water quality standards of natural water 

sources. The determination of the water-

footprint component in the crop growing 

process is shown in equations (1)-(3), and the 

crop water footprint is shown in equation (4). 

 

 

 

 

 

 

 

 

 

 

where crop water use (CWU) is the amount of 

water used by plants (m3 rai-1), Y is yield per 

area (ton rai-1), α is the pollutant washout 

coefficient (%), AR is the chemical use rate (kg 

rai-1) and cmax and cnat mean the highest 

concentration and concentration in nature of 

pollutants (mg l-1), respectively. 

 

Results 

The arabica coffee seedlings variety 

“Chiang Mai 80” at Chiang Mai Royal 

Agricultural Research Center, of 150 plants 

from 60 kilograms of coffee beans, the period 

from seed soaking until the seedlings were 

suitable for distribution was about 346 days, 

using a total amount of water of 198,550 liters. 

(Table 1) 

 Data analysis from 33 farmers 

questionnaires, divided into 23 in Chiang Rai 

Province, in Muang District, Wiang Pa Pao, 

Mae Suai, Mae Fah Luang and Wiang Kaen, 

and 10 Chiang Mai Provinces in Doi Saket, 

Samoeng and Mae Wang districts, found that 

farmers were plant coffee in combination with 

natural forests, tea (“chamieng”) and fruit trees 

such as macadamia, avocado, in slopes and 

foothill plains, elevation 700-1,350 meter 

above mean sea level. All of them grow coffee 

using rainwater. Most farmers applied chemical 

fertilizers twice or three times per year, except 

some farmers who use only organic fertilizers. 

However, all farmers do not use pesticides. 

Calculating water footprint value from 

the crop cultivation process using CROPWAT 

8.0 program, data input is required such as crop 

coefficient (Kc), which in this study divides the 

water use coefficient of coffee plants. Three 

periods, Kc ini, Kc mid and Kc end (with 

weed), were 1.05, 1.1 and 1.1 (Richard et al., 

1998) (Table 2).  

The evaporation of water throughout 

the growth period of arabica coffee was 

determined using CROPWAT 8.0 and applied 

to calculate green water footprint (WFgreen) 

and blue water footprint (WFblue). Because 

farmers grow coffee using rainwater (rain-fed 

condition) so, ETgreen = ETa and ETblue = 0, 

where ETa is equal to the water use value of the 

actual plant (Hoekstra et al., 2011) (Table 3). 

The calculation of the grey water 

footprint (WFgrey) in this study considered 

only the amount of nitrogen-containing 

fertilizer, herbicide and pesticides are not 

considered as farmers do not use them. The 

pollutant elution coefficient (AR) was 

determined to be 10% of the fertilizer 

application rate (Chapagain et al., 2006.) The 

maximum concentration (cmax) is 5 mg l-1 as 

specified in surface water quality standards. 

(Announcement of the Board of Directors 

National Environment Vol. 8, 1994). The 

concentration in nature (cnat) was set to zero due 

to lack of appropriate data based on the concept 

of Hoekstra et al. (2011), the calculation results 

are shown in Table 4. 

The water footprint (WF total) of arabica 

coffee bean produced in Chiang Rai Province 

had an average of 8.08 m3 kg-1, which was a WF 

green, WF blue and WF gray averaged 5.65, 0.0 

and 2.43 m3 kg-1, respectively, while Chiang 

Mai Province, had an average 7.06 m3 kg-1 

which was WF green, WF blue and WF gray 

averaged 6.87, 0.0 and 0.19 m3 kg-1, 

respectively (Table 5).  

 

Discussion 

Chiang Mai Royal Agricultural Research 

Centre, Department of Agriculture is the main 

(1) 

(2) 

(3) 

(4) 
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unit for producing seedlings coffee varieties 

“Chiang Mai 80” for distribution to farmers. In 

year 2021, the staff watered the coffee 

seedlings using hoses alternating with watering 

cans, used a total amount of 198,550 litters of 

water, or 0.0038 litters per plant per day (Table 

1). The process that uses the most amount of 

water is the transplanting period.  

Water footprint assessment of arabica 

coffee, the results shown that average water 

footprint green (WFgreen) in Chiang Rai is 

5.65 m3 kg-1 less than Chiang Mai province 

(6.87 m3 kg-1), however when considering the 

values of each district in Chiang Rai province, 

it was found that Mae Suai District had the 

highest water foot print value of 8.74 m3 kg-1 

compared to the yield of only 263 kg rai-1 

(Table 3( this is because the farmers in this 

group are in the process of adjusting to request 

for certification of organic farm as well as 

farmers in Samoeng district focusing on the use 

of organic fertilizers and Mae Wang district, 

famer do not used fertilizer. 

For water footprint grey (WFgrey) 

farmers inputs especially chemical fertilizers 

containing nitrogen as a component that can be 

easily dissolved into the environment that may 

cause environmental problems by the slope 

area which has a lower risk of nitrogen leaching 

into the area which from the calculation By 

using equation (3) to find the amount of water 

required to dilute the fertilizer contained in the 

water sources, it was found that Chiang Rai 

province had a higher than Chiang Mai, at 2.43 

and 0.19 m3 kg-1, respectively (Table 4), 

especially Mae Fah Luang district. While 

Chiang Rai province, the highest water-

footprint gray was 10.97 m3 kg-1, which was 

consistent with the number of chemical 

fertilizers applied (Table 4), which also resulted 

in higher yields than other districts. 

 

Table 1 Water consumption in arabica coffee seedling production (variety Chiang Mai 80) at Chiang 

Mai Royal Agricultural Research Centre, Chiang Mai province in 2021 

  

process Seed soaking seed sowing Transplant Total 

duration 12 Hour 45 days 300 days 346 days 

Water consumption* (litter) 164 14,444 (320) 183,942 (613) 198,550 

* For 150,000 trees 

 

Table 2 Import metadata of CROPWAT 8.0 program 

 
parameter value 

Growth period (days) 365 

Crop Coefficients (Kc) 1/ 

 (With weed) 

Kc ini (January-February) 

Kc mid (March-September) 

Kc end (October-February) 

 

 

1.05 

1.10 

1.10 

rooting depth (meter) 2 

Critical depletion (%) 0.4 

Yield responds factor 3.0 

 1/ Richard et al., (1998) 
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Table 3 Green water footprint and blue water footprint of arabica coffee cultivation in Chiang Rai 

and Chiang Mai provinces (2020/21) under rain-fed condition 

 

Province/district 
ET green 

(mm) 

ET blue 

(mm) 

Y 

(kg rai-1) 

CWU green 

(m3 rai-1) 

WF green 

(m3 kg-1) 

WF blue 

(m3 kg-1) 

Chiang Rai 1437.9 0 407 2,300.6 5.65 0 

Muang 1437.9 0 520 2,300.6 4.42 0 

Wiang Pa Pao 1437.9 0 481 2,300.6 4.78 0 

Mae Suai 1437.9 0 263 2,300.6 8.74 0 

Mae Fah Luang 1437.9 0 379 2,300.6 6.07 0 

Wiang Kaen 1437.9 0 357 2,300.6 6.44 0 

Chiang Mai 1525.6 0 401 2,440.9 6.87 0 

Doi Saket 1525.6 0 583 2,440.9 4.19 0 

Samoeng 1525.6 0 200 2,440.9 12.20 0 

Mae Wang 1525.6 0 192 2,440.9 12.71 0 

 

Table 4 Calculation of grey water footprint for arabica coffee production in Chiang Rai and Chiang 

Mai provinces (2020/21) 

 Province/district 
cmax 

(mg l-1) 

N leaching 

fraction 

(N) Fertilizer 

application rate 

(kg rai-1) 

Y 

(kg rai-1) 

WF grey 

(m3 kg-1) 

Chiang Rai 5 22.24 222.4 407 2.43 

Muang 5 8.7 87 520 0.29 

Wiang Pa Pao 5 18.6 186 481 1.44 

Mae Suai 5 28.3 283 263 6.09 

Mae Fah Luang 5 45.6 456 379 10.97 

Wiang Kaen 5 10 100 357 0.56 

Chiang Mai 5 6.2 62 401 0.19 

Doi Saket 5 6.2 62 583 0.13 

Samoeng 5 0 0 200 0.00 

Mae Wang 5 0 0 192 0.00 

Table 5 Water footprint for arabica coffee production in Chiang Rai and Chiang Mai provinces 

(2020/21) 

 

Province 
WF green  WF blue  WF grey  WF total  

(m3 kg-1) 

Chiang Rai 5.65 0 2.43 8.08 

Chiang Mai 6.87 0 0.19 7.06 
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Abstract  

The investigation on watering rate for growth and yield of stevia with different levels of 

watering was conducted at the Mae Hia Agricultural Research, Demonstration and Training Center, 

Faculty of Agriculture, Chiang Mai University. The experiment was done during February-April, 

2020. Randomized complete block design with four treatments and 4 replications: 1) Control the 

water supply according to farmer practices: 2) Provide water in accordance with daily 

evapotranspiration value (ETc) 3) and 4) provides water by controlling soil moisture at 30% and 50% 

of available water capacity. It was found that the different in watering resulted in the significant 

different of height and fresh /dry weight yield of leaves and stalk at 95% (p < 0.05). The second 

method gave the maximum values of fresh and dried leaf weights to 51.14 and 12.94 g plant-1, 

respectively while that of fresh and dried stalk weights were 19.47 and 5.27 g, plant-1, respectively. 

The fourth method gave the minimum values of fresh and dried leaf weights to 37.33 and 9.30 g 

plant-1, respectively while that of fresh and dried stalk was 11.50 and 2.35 g, plant -1, respectively.  

 

Key words: crop, water requirement, watering, water use efficiency  

 

Introduction 

Stevia or Stevia Rebaudiana Bertoni is 

classified in the family Asteraceae. It is a 

biennial plant that lives many years and looks 

like basil. The leaves have sweetening 

properties and their source of sweetness is 

called stevioside. The sweetest part is leaves 

(Watanya et al., 2012) and a stevia stem ranges 

from 30 to 90 centimeters tall, branching into a 

sparse bush. Leaves are single and grow only 

on the joints of the stems. The tip and base of 

the leaves are pointed (Boonrit and Somyot, 

2016). Stevia is a type of medicinal plant which 

is 15-30 times sweeter than sugar, but its 

sweetness does not provide energy (Kim et al., 

2014), so it is suitable for patients with diabetes 

or/and obesity. Because of this fact, it has 

become increasingly popular and has been 

utilized in various fields whether it be in the 

industry, medical, herbal medicine or in 

beverages. In the beverage industry, many soft 

drink companies are increasingly using stevia 

as a sugar substitute in the manufacture of 

sweetened beverages or low-calorie beverages 

(Surimat and Somyot, 2016). Furthermore, 

stevia is an economic crop that is mostly grown 

in the north of Thailand – especially Chiang 

Mai, Chiang Rai, and Lamphun – because it 

grows well in a relatively cool climate and in 

the area of about 600 -700 meters above sea 
level. In fact, stevia generates income for the 

country several million baht per year. 

Especially in the export industry, stevia is 

processed to make it suitable for cooking or for 

making tea (Samarot and Somyot, 2015). Each 

planting of stevia can be kept for up to 3 years, 

but this depends on the care and attention of the 

growers. In a year, leaf yields can be harvested 

6-10 times and fresh leaves yield 600-1,000 kg 

per rai, and 10 kg of fresh stevia will have a leaf 

dry weight of about 1-1.5 kg; the price of dry 

stevia is about 400 baht per kilogram (Kannika, 

2020). For the majority of production costs, it 

is about 12,000 baht per rai, and this can 

generate 20,000-24,000 baht worth of income 

per year, with a profit of not less than 8,000 

baht (Agriculture, 2011). Therefore, stevia is 

another alternative crop that helps to increase 

income. 
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However, the yield of stevia in Thailand 

is not very high compared to the yield of stevia 

in other countries, which yields 2-3 times more 

(Prachon, 1998) because most of the stevia 
cultivation in Thailand tends to have a yield 

problem due to long periods of rain. This causes 
stevia to have withered leaves and stunted 

stems, leading to the decline of the yield quality 
(Samarot and Somyot, 2015), indicating that 

water is an important factor for the growth and 
yield of stevia. Hence, the purpose of this study 

was to compare the yield of different irrigation 
management on growth and yield of stevia. 

This is expected to benefit farmers who grow 

stevia during lack of rain and help them know 

how to care for stevia during drought through 

efficient irrigation. 

 
Materials and Methods 

This study was conducted with stevia 

planting experiments during February to April 

2020 at the Mae Hia Agricultural Research, 

Demonstration and Training Center, Faculty of 

Agriculture Chiang Mai University located at 

latitude 18° 45'54.0''N and longitude 98° 

55'49.5''E with an altitude of 403 meters above 

mean sea level. The soil properties of the 
experimental planting plots were sandy loam, 

and sand, silt and clay particles were 54.7, 29.0 
and 16.3, respectively. Bulk density was 1.4 g 

cm-3, and field capacity (FC) and spot moisture 
(the permanent wilting point or PWP) was 23.1 

and 14.0 %, respectively. The pH was 5.4. The 

electrical conductivity was 0.08 dS m-1. The 

organic matter content was 0.7%. The useful 

phosphorus (available P) and exchangeable 

potassium (exchangeable K) were 15.1 and 
410.3 mg kg-1, respectively. 

From the climate conditions of the study 

area on average throughout the year, over the 
past 30 years, the highest temperature was 31.9 

while and lowest temperatures was 20.4 C°; the 

average relative humidity was 71.0%; the 

sunshine per day was 7.2 hours; and cumulative 
rainfall was 1134.0 mm (Meteorological 

Department, 2020). 

In this experiment, stevia was planted in 

an experimental plot measuring 1 × 4 meters, in 

2 rows per plot, with a distance of 30 cm 

between plants, and covered with black plastic 

wrap. The stevia was then planted using 

seedlings from the cuttings. After 7 days of 

planting, to guarantee the uniform plant 

development, every plant was trimmed to have 

the same shape, as their stems were trimmed to 

a height of about 3 cm from the soil surface, and 

then the team watered and left the plants for 2 

days so that the soil contained the same initial 

moisture level in every plot approximately at 

the level of field moisture capacity. Then the 

team began the experiment by watering 

according to the specified method. For 

fertilizers during the experiment, all 

experimental units were treated the same. That 

is, during the first 30 days, urea fertilizer was 

applied every 7 days at the rate of 3.2 kg/rai. 

After that, the team changed to apply the 25-0-

0 fertilize at the rate of 6 kg/rai every 7 days 

throughout the experimental period. 

This experiment was planned by 

randomized complete block design with 4 

replicates, consisting of 4 irrigation treatments: 

Treatment 1 (TRT1) Farmer's Treatment 

(control), Treatment 2 (TRT2) crop 

evapotranspiration (ETc) irrigation, Treatment 

3 (TRT3), and Treatment 4 (TRT4) the control 

of soil moisture content between the field 

moisture capacity level at 30%, and 50 % of the 

available water capacity (AWC). The irrigation 

treatment of each experiment was also different 

as follows: Treatment 1 which water was 

distributed twice a day in the morning and 

evening (400 cm3plant-1 daily) for irrigation 

based on stevia’s ETc; Treatment 2, where the 

amount of water was consistent to the average 

monthly stevia evapotranspiration (ETc). This 

was derived from the calculation of the 

reference evapotranspiration rate (ETO) 

multiplied by the crop coefficient (Kc) of stevia 

as shown in Equation 1. The Kc value of this 

experiment was used in the second stage, which 

was the growth stage in the leaves or the growth 

phase of 25-60 days which was equal to 1.14 

(Fronza and Folegatti, 2003). 

ETc = Kc × ETo        Equation 1 

When  
ETo = reference crop evapotranspiration 

(mm day-1) 

Kc = crop coefficient 

ETo was calculated from average 

weather data using the Penman - Monteith 
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equation (Allen et al. 1998) as shown in 

Equation 2. 

 

 
Equation 2 

When  

ETo = reference crop evapotranspiration 

(mm day-1) 

Rn = the amount of solar radiation 

received by plants (MJ m-2 day-1) 

G = heat flow (MJ m-2 day-1) 

T = average temperature ( °C), 

Δ = value of the vapor pressure line  

( KPa °C-1) 

𝛾 = psychrometric constant (kPa °C-1) 

U2= Wind speed values at an altitude of 

2 meters above the ground (m s-1) 

es- ea = The difference in steam pressures 

(KPa) 

The stevia’s ETc was estimated using the 

3-year average monthly climate data (2017-

2019) during the February-April experimental 

period as shown in Table1. 

Estimated water content of Treatment 2 

based on ETc values in the experimental period 

as average daily irrigation of ETc values for 

February, March and April were 321, 417 and 

441 cm3 day-1. For Treatment 3 and Treatment 

4, water was used to control soil moisture to be 

between the field soil moisture capacity level 

(FC) and the specific humidity level of 30% 

and 50% of AWC, respectively. The AWC 

value was calculated from Equation 3. This 

experiment estimated that the irrigation of the 

stevia at the root depth of 30 cm and the root 

amplification radius of 15 cm resulted in the 

irrigating amount of stevia. Treatment 3 was 

watering 579 cm3plant-1/time, with a watering 

interval of 2 times per day in February and 1 

time in March and April. As for Treatment 4, 

water usage was 964 cm3 plant-1 /time, with a 

watering interval of 3 times per day in February 

Treatment 2 time in March and April. 

 

AWC=FC-PWP                   Equation 3 

When  AWC = useful moisture 

capacity (% cm3cm-3). 

FC = Field Humidity Capacity (% 

cm3cm-3) 

        The data collection of this 

experiment consisted of growth of each plant 

where their heights were measured every 7 days 

from the start of the experiment to the 

harvesting stage. They were harvested 3 times 

every 30 days by cutting the stem height from 

the soil surface around 3 cm and separating the 

leaves from branches to obtain fresh and dry 

weight. The total yield of leaf and branch dry 

weight, calculated per unit area (g m-2), were 

then divided by the total water volume given 

over the experimental period. To determine the 

efficiency of water use of each treatment, as 

shown in Equation 4, the data were analyzed for 

statistical comparison (ANOVA) with Statistix 

8.0 program. 

WUE=(Total yield(g m^(-2) ))/(Total 

water application(L) ) 

Equation 4 

When  WUE = Water Use 

Efficiency (g m-2L-1) 

 

Results 

Growth and Yield of Stevia 

        The results of different stevia irrigation 

applied according to its height and fresh and 

dry weight of leaf and stem sections are shown 

in Table 2. It was found that the mean of each 

treatment was significantly different at 95 % 

confidence level. The process with the highest 

height was Treatment 2 where water was 

distributed daily according to the ETc value. 

The average plant height was 16.1 cm, followed 

by the Treatments 1, 3, and 4 with an average 

height of 13.7, 13.0, and 11.9 cm, respectively. 

For the average fresh and dry weight of leaf and 

stems, it was found that the mean of fresh 

leaves significantly differed at the 95% 

confidence level. Treatment 2 had the highest 

leaf weight of 51.14 g, significantly different 

from Treatments 1, 3 and 4. The second highest 

was Treatment 1 (43.23 g plant-1), followed by 

Treatments 3 (40.82 g plant-1) and 4, (7.33 g 

plant-1). For leaf dry weight, it was found that 

Treatment 2 had the highest dry weight of 12.94 

g plant-1, and the results were significantly 

different from Treatments 1, 3 and 4, which had 

similar values of 10.73, 9.95 and 9.30 g plant-

1, respectively. Stem fresh and dry weight was 

similar to the leaves’ weight. It was found that 

stevia treated with the water in Treatment 2 had 

ETo =
0.408∆ Rn − G + γ900/ T + 273 U2 es−ea  

∆ + γ 1 + 0.34 U2 
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the highest fresh weight of 19.47 g plant-1, 

followed by the irrigation treatment by the 

Treatments 1, 3, and 4 with 14.96, 11.58, and 

11.50 g plant-1, respectively. As for the stem 

dry weight, the result was similar to that of the 

stem fresh. Besides, it was found that stevia 

treated with water from Treatment 2 had the 

highest dry weight of 5.27 g plant-1, different 

from Treatments 1, 3 and 4 with the values of 

3.33, 2.41 and 2.35 g plant-1, respectively. 

 

Water Use Efficiency for Stevia 

        Water use efficiency (WUE) for stevia in 

different irrigation treatments was presented in 

Table 3, containing the average of the total dry 

yield, including leaves and stems, total water 

application to stevia throughout the 

experiment, and the mean water use efficiency 

(WUE) of each treatment. The result revealed 

that the water use efficiency for stevia of each 

treatment was significantly different at 95% 

confidence level, with Treatment 3 holding the 

highest water use efficiency (0.53), which 

yielded similar results to Treatment 2 (0.51 g 

m-2L-1). Water use efficiency in Treatments 1 

and 4 was 0.39 and 0.47 g m-2L-1, respectively, 

with Treatment 1 having the lowest water 

efficiency value. 

 

Discussion 

From the experimental results, it can be 

seen that the irrigation had an effect on height 

growth and the leaf and steam dry weight. 

Treatment 2 was found to be the most 

appropriate water management and the highest 

water use efficiency as stevia was watered daily 

based on its ETc. The lowest was Treatment 4, 

and a decrease in soil moisture in the range 

between FC and 50% of AWC showed that 

stevia thrives in the soil having moisture 

content approximately at FC level at all times 

because although the plants were not watered 

for only 1-2 days in Treatment 3, the soil 

moisture content between FC and 30% of AWC 

still resulted in the high soil moisture content. 

The reduction in leaf and stem dry weight was 

significantly different from daily watering 

based on ETc which is consistent with a study 

by Benhmimou et al. (2016). 

After assessing water requirements and 

stevia’s reference water evaporation, it was 

found that stevia needed water throughout all 

three growth stages, especially in the second 

stage (26-50 days after planting) and in the 

third stage (51-80 days after planting). 

Otherwise, insufficient soil moisture can cause 

stevia to halt its growth leading to the reduction 

of produce. At the same time, stevia did not like 

too wet soil. As seen from Treatment 1, with 

daily watering above ETc, the growth in height 

and leaves’ and stems’ weight were 

significantly different from watering daily 

based on ETc, and water use efficiency was 

also low representing the over-watering of 

plants. This reduced the oxygen in the root 

system of stevia, affecting the growth and 

efficiency of the water and nutrient uptake of 

the roots (Monsuang, 2008). 

The root of stevia is fibrous (Ramesh et. 

al., 2006), and Goenadi’s (1993) study found 

that stevia thrived in moist soils with a soil 

water content of 43.0-47.6%, but the soil must 

not be waterlogged and has an average daily 

water requirement of 2.33 mm plant-1 with an 

average ETc of 5.75 mm plant-1 for water use 

efficiency. It was found that stevia that received 

the highest total water was in Treatment 1 

showing the lowest water efficiency value, and 

stevia that received the least total water (in the 

Treatment 3) had the highest water usage 

efficiency, consistent with Lavini et al. (2008) 

whose study was the “Yield, Quality and Water 

Consumption of Stevia Rebaudiana Bertoni 

Grown under Different Irrigation Regimes in 

Southern Italy” that stated water was applied 

according to the field humidity capacity of 

30%, 60% and 100%. The 30% was found to 

have the highest water efficiency and the 

efficiency would decrease as the amount of 

water increased. However, the yield of stevia 

leaves was highest when the plants received 

100% water but yields decreased with less 

water intake. 

Similarly, from Aladakatti et al. (2012) 

study conducted from the evaporation tray 

during 2004-2006 experimental period, it was 

found that after watering only after 60 mm of 

accumulated evaporation, stevia received the 

highest water intake at 2373.2 mm, but the 

water efficiency was at its lowest, 4.65 kg ha-

1mm-1. When compared to the amount of water 

received by stevia, when water was reduced to 
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2038.4 mm and 1903.8 mm, the water 

efficiency increased to 5.15 and 4.86 kg ha-

1mm-1, respectively, and the yield increased as 

the amount of water received increased. 

In addition, Sommat and Somyot (2015) 

conducted an experiment on the effect of 

irrigation volumes on the growth and yield of 

stevia by comparing the amount of water 

evaporation from the evaporation pan 

(evaporation - pan) that was given water only 

after the evaporation of water from the 

evaporation pan was 30 mm. It was found that 

the stevia that received different amount of 

water should result in the difference in water 

use efficiency. Stevia receiving the lowest 

water (30% E) would have the highest water 

efficiency at 0.56 g m-2 mm-1. When water was 

increased to 50% E, 70. % E, 90% E, 100% E 

and 110% E, it resulted in a reduction in water 

efficiency of stevia by 0.39, 0.30, 0.29 and 0.27 

g m-2 mm-1, respectively. However, if not 

treated with adequate amount of water for a 

long time, stevia would wither and yields’ 

quality would decline. Therefore, stevia should 

be watered daily according to the ETc value so 

stevia can grow well and produce quality 

yields. There should be no lack of water or 

waterlogging in the planting area because they 

can pose an impact on growth and yields can be 

damaged.  

The results of the stevia experiment 

showed that stevia treated with Treatment 2 had 

good growth and produced the most leaf and 

stem yield, followed by Treatment 1 while 

Treatments 3 and 4 had similar values with 

growth and the lowest yield. Water use 

efficiency increased with the rate of receiving 

less water. From the experiment, Treatment 3 

was the most efficient, followed by Treatments 

2, 4 and 1. 

 

 

Table1 The average monthly meteorological data, ETo and ETc of stevia during February to April.  

Month T max 

(C°) 

T min 

(C°) 

RH 

(%) 

Wind speed 

(km hour-1) 

Sunshine 

(hours) 

ETo 

(mm day-1) 

ETc 

(mm day-1) 

February 33.7 18.0 58.5 16.6 9.3 4.0 4.6 

March 36.6 21.4 51.8 20.5 9.6 5.2 5.9 

April 37.3 23.9 57.1 24.2 9.2 5.5 6.3 

 
Table2 The average of height and weight of leaves and stems of stevia under water application 

treatments. 

Treatments 

 

Height 

(cm) 

Weight of leaves 

(g plant-1) 

Weight of stem 

(g plant-1) 

Fresh Dry Fresh Dry 

TRT1 13.7b 43.23b 10.73b 14.96b 3.33b 

TRT2 16.1a 51.14a 12.94a 19.47a 5.27a 

TRT3 13.0c 40.82bc 9.95b 11.58c 2.41b 

TRT4 11.9d 37.33c 9.30b 11.50c 2.35b 

Mean 13.69 43.13 10.73 14.38 3.34 

LSD(0.05) * * * * * 

C.V.(%) 1.60 7.52 12.70 12.64 19.5 

   *  Significant at p-value<0.05 

 



Proceedings of International Conference “Innovation for Resilience Agriculture”  
October 19-21, 2022, Chiang Mai University, Thailand 
 

68 

 

Table 3 Water use efficiency of stevia under water application at 90 day after transplanting. 

Treatments 

 

Total dry yield            

(g m-2) 

Total water 

application (L ) 

WUE                             

(g m-2 L-1) 

TRT1 70.30 180 0.39c 

TRT2 91.05 177 0.51ab 

TRT3 61.80 116 0.53a 

TRT4 58.25 135 0.43bc 

Mean 70.35 152 0.47 

LSD(0.05) * 

C.V.(%) 12.37 

   *  significant at p-value<0.05 
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Abstract  

Cape gooseberry is known as one of economic crop on highland agriculture However, 

information on their proper rate of irrigation regimes remains scarce. Therefore, the current study 

investigated the appropriate rate of irrigation regimes to know the growth, quality, and yield of cape 

gooseberry. A completely randomized block design (RCBD) with four replications, as well as four 

treatments of Irrigation regimes were studied as follows: i) the irrigation which the local farmers 

usually use (control), ii) daily irrigation as the crop evapotranspiration (ETc), iii) irrigation when soil 

moisture was reduced by 30% of available water content (30% AWC), iv) irrigation when soil 

moisture reduced by 50% AWC.The daily irrigation as the crop ETc revealed that fruit producting 

and plant height are significantly shown as the highest. However, the results showed that no 

statistically significant difference in the quality of the fruit e.g. fruit weight, diameter, titratable 

acidity (TA), total soluble solid (TSS), and vitamin C (content) among the irrigation management of 

four treatment.  
 

Key words: water management, small winter fruit, small fruit, goldenberry, watering efficiency 

 

Introduction 

Cape gooseberries, originating from 

Brazil, are a small one-season fruit with peels 

(calyx), and when ripe, it turns yellow-orange 

and scented. The stem is quite succulent; the 

crown is wide; and it is commonly consumed 

both fresh or processed (Highland Research 

and Development Institute, 2016). Cape 

gooseberries were encouraged to be planted in 

24 Royal Project Development Centers and 

Royal Project Research Stations in fiscal year 

2018. Cape gooseberries yield 176.63 tons, 

valued at 16.55 million baht (Chuchat et al., 

2019). It is very popular among consumers 

because not only does it have an exotic taste, 

but it also is beneficial to health (Narongchai 

and Sivaporn, 2015), has low calories and 

unique flavor, colors and texture, helps in 

weight loss, and contains many other benefits 

(Mohamed, 2011). 

Water is an important factor to consider 

when planting as the right amount of water 

helps balance growth processes, assists plants 

in photosynthesis, and positively affects growth 

of branches and leaves. Nevertheless, it was 

found that there are water shortages during the 

early stages of plant growth hindering plants’ 

development and fruit cannot fully grow, 

potentially affecting the quality of the 

harvested fruit (Surin, 2000). Because the 

highland areas’ features are steep slopes 

resulting in an inability to store water to use 

throughout the growing season, water 

management in irrigated agricultural systems is 

therefore crucial for plant growth. In addition, 

in arid areas, there are often problems with 

insufficient water for plant growth throughout 

the growing season. Therefore, farm irrigation 

needs to be improved considering both the 

present and the future in order to precisely 

address the problem of adequate and 

sustainable water use (Farahani et al., 2006). 

Furthermore, the growth of plants and the 

connections between soil, water and plants also 

manifest themselves under different climatic 

conditions. (Velasco-Muñoz et al., 2019) 

Therefore, the irrigation levels of cape 

gooseberries are of great importance to the 



Proceedings of International Conference “Innovation for Resilience Agriculture”  
October 19-21, 2022, Chiang Mai University, Thailand 
 

71 

 

proper management of water in water scarce 

areas so that people use water efficiently and 

optimally for growth and gain high-quality 

yields. 

 
Materials and Methods 

Area of Study 

An experimental study on growing cape 

gooseberries was conducted during December 

2019 to March 2020 at the farmer’s area of Ban 

Kae Noi, Mueang Na Subdistrict, Chiang Dao 

District, Chiang Mai Province, located at 

latitude 19o40'30''N and longitude 98o56'37''E, 

approximately 939 m above mean sea level. 

The soil used in the experiment had a pH of 

5.44; the conductivity of soil was 76.57 

microcement/cm; the amount of organic matter 

in the soil was 3.63 percent; the amount of 

useful phosphorus was 151.11 mg/kg; and the 

amount of exchangeable potassium in the soil 

was 164.13 mg/kg. 

 

The Study of Suitable Irrigation Volumes 

To study the optimum watering levels 

for cape gooseberries growth, the team made 

experimental plots and set up water systems in 

an area of 140 square meters, consisting of 16 

plots of 1 × 7 meters, with planting distance of 

1 meter between plants and 1 meter spacing 

between plots. Randomized complete block 

design (RCBD) experiment was planned, 

consisting of 4 experimental irrigation 

treatments and 4 replicates as follows: 

Treatment 1) watering according to farmers' 

practice, watering 1-2 days per time based on 

weather conditions, 27-40 liters per time per 

plant (control); Treatment 2) watering in the 

morning every day based on the 3-year average 

daily crop evapotranspiration (ETc) and the 

crop coefficient (Kc); Treatment 3) watering 

when soil moisture decreases by 30 percent 

(30%AWC); and Treatment 4) watering when 

soil moisture was reduced by 50 percent 

(50%AWC). Water data from soil moisture 

capacity (available water capacity (AWC) was 

analyzed and calculated from the difference 

between the field capacity (FC) and the 

permanent wilting point (PWP). Data from the 

3-year Meteorological Department 2016-2018 

(Meteorological Department, 2020) were 

collected and studied on the average daily 

transpiration rate of plants and crop coefficient 

(Kc) during the cape gooseberries’ growth 

stage. The watering efficiency was then 

calculated by converting the percentage to the 

height water (hw) at the moisture capacity. 

  

Data Collection 

Soil samples were collected to indicate 

their moisture throughout the cape 

gooseberries’ growth stage at the depths of 0-

15, 15-30, and 30-50 cm. Moist soil weight and 

dry soil weight (after drying in an oven at 105 

°C) were recorded. Crop data were collected for 

height and crown width. Harvests consisted of 

fresh fruit weight and dry fruit weight. The 

analysis of yield quality consisted of fruit size 

(after drying in an oven at 65 °C), the total 

soluble solid (TSS) using a digital 

refractometer, titratable acidity (TA), and 

ascorbic acid content. 

  

Statistical Analysis 

The recorded data were used to analyze 

the variability of irrigation treatments affecting 

growth and yield through analysis of variance 

(ANOVA), and the experimental differences 

were compared by the least significant 

difference (LSD) method at a 95 percent 

confidence level. 

 

Results 

Soil Moisture 

A humidity study from December 2019 to 

March 2020 (when plants aged around 150-233 

days) found that at depths of 0-15 and 30-50 

centimeters, the irrigation treatment 4 had 

higher humidity than other treatments, while at 

the depth of 15-30 centimeters, it was found 

that Treatment 3 had the highest humidity. 

However, the humidity in each process was not 

much different. During December, plants 

would have high humidity and gradually 

decrease meaning that it did not need much 

watering in order to produce good quality yield. 

On the other hand, from August to November, 

there was enough precipitation as it was a rainy 

season with continuous rainfall providing 

enough water for cape gooseberries to grow. 

Therefore, there was no water supply during 

August to November, but still, with the scarce 
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precipitation, the team started watering in late 

December to March (Figure 1) 

 

Growth 

There was no statistically significant 

difference in the height growth of cape 

gooseberry plants during the first stage of 

growth (30 days after transplanting). At the 

growth stage (35 to 70 days), it was found that 

Treatment 2 had the highest growth in height 

while Treatment 3 showed the least growth in 

plant height. However, Treatments 1 and 4 did 

not present any significant difference (Table 1). 

From the statistical data at the statistically 

significant level of 0.05 of the cape gooseberry 

farmers’ yields during mid-November 2019 to 

the end of March 2020 by 4 treatments, it was 

found that the yields of all 4 treatments were 

not statistically different, but when considering 

the amount of production, it was found that 

Treatment 2 yielded the most. 

From the statistical data at the statistical 

significance level of 0.05 of fruit weight, 

diameter, the amount of acid that can be 

titrated, total dissolved solids, and ascorbic acid 

content of cape gooseberries by 4 treatments in 

the first month, the result showed no statistical 

difference. However, it was found that the 

height of the results was statistically different. 

Treatment 3 had the highest height (Table 1). 

 

Discussion 

In the experiment of four different 

irrigation treatments with a sprinkler system, 

there was no statistically significant difference 

in height growth of cape gooseberries at the age 

of 30 days after replanting because this period 

was the beginning of the growth of cape 

gooseberry trees. Therefore, there was not 

much development of roots and stems. As a 

result, the demand for water during this period 

was not much. On the contrary, after 35 to 70 

days old, it was found that the four treatments 

were statistically different. Treatment 2 (ETc) 

had the highest plant height growth consistent 

with the experiments of Rashmi and Vyas 

(2016). It was found that the plants’ accurate 

assessment of the water needs is essential for 

time and water management. The study 

assessing 10 crops (rice, wheat, maize, pearl 

millet, green bean, green gram, soybean, pea, 

mustard, and cotton) showed that each of the 

plants had different water requirements at 

different intervals. Therefore, these 

assessments can be used to effectively manage 

water according to plant species. 

From the consideration of watering by 

Treatment 2, the irrigation treatment based on 

the rate of plants’ daily transpiration, cape 

gooseberry plants were regularly watered, 

resulting in higher growth of cape gooseberries 

than other treatments. From the experiment, it 

was found that the yield of cape gooseberries 

by the 4 irrigation treatments was not 

statistically different. However, when 

considering the amount of production, it was 

found that the second treatment yielded the 

highest as well as the height growth. This was 

consistent with the experiment of Suphat 

(2012), which found that water management 

was sufficient to meet the needs of plants, 

especially fruit trees and economic perennial 

plants, meaning that farmers need both quantity 

and quality irrigation volumes. Watering plants 

with the right amount, according to their ETc 

reduces the amount of water used to water the 

plants and at the same time preserves the 

quantity and quality of the crops, leading to the 

reduction of the cost of water as well. 

In terms of the yield quality, such as fruit 

weight, diameters, titratable acidity (TA), 

total soluble solid (TSS), and ascorbic 

acid content, it was found that the four 

irrigation treatments resulted in no significant 

difference in the yield of cape gooseberries. 

The above information indicated that all 

irrigation treatments can produce the same 

good quality crops. However, Treatment 2 and 

Treatment 3 had the amount of water usage and 

cost that were not much different from 

Treatment 4, but Treatment 1 had higher water 

usage. 

The study of the irrigation volumes 

suitable for growth, quality, and yield of cape 

gooseberries in the Highlands Chiang Mai 

Province was found that watering according to 

the crop evapotranspiration (ETc) resulted in 

not only plant height, but also in the yields 

throughout the growing season. However, 

when considering the yield quality (fruit 

weight, diameter, titratable acidity (TA), total 

soluble solid (TSS), and ascorbic acid content), 
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it was found that the four water treatments did 

not have any impact. This study showed that 

crop evapotranspiration (ETc) irrigation is 

suitable for cultivation and helps reduce the 

cost of water use by farmers. 

 

 

Table 1 Effects of different irrigation regimes on height of cape gooseberry 

Treatments 
Plant height (cm) 

35 days 42 days 49 days 56 days 63 days 70 days 

1. control 49.59 AB 66.36 AB 80.35 AB 98.78 AB 117.20 AB 148.85 AB 

2. ETC 54.10 A 70.16 A 88.10 A 105.38 A 122.65 A 154.40 A 

3. AWC 30% 45.56 B 60.94 B 76.65 B 95.17 B 113.70 B 141.65 B 

4. AWC 50% 51.23 AB 68.18 AB 84.65 AB 102.20 AB 119.75 AB 148.55 AB 

LSD (0.05) ** ** ** ** ** ** 

CV (%) 10.19 7.62 6.86 4.86 4.31 5.02 

Different letters indicate a significant difference (P<0.05) between treatments. Significant difference was determined by using LSD 

test. ns= non-significant. 

 

 

 
 

Figure 1 Soil moisture of cape gooseberry fruits at soil depth 0-15, 15-30 and 30-15 centimeter 
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Abstract 

Peanut )Arachis hypogea L.(  is considered one of the most important cash crop in the world. 

In the Philippines, peanut is usually planted as rotation crop and is utilized as raw material for food 

and feed. Boron )B( is reported to be a vital microelement involved in many plant processes including 

structural development, biosynthesis of compounds, and reproductive processes. Application of 

boron in the soil promotes increase in the yield potential of many plants like peanut. In this study, 

the growth and yield performance of A. hypogea var NSIC Pn11 using different treatments with 

boron, fertilizers, and inoculant as factors of variation was evaluated. The experiment was established 

using the Randomized Complete Block Design with 5 treatments and replicated three times. Results 

of the study showed that peanut plants applied with B, inorganic fertilizers, and seed inoculant grew 

the tallest, and flowered and matured the earliest among the treatments. The same treatment generated 

the best yield and yield qualities, with little variation between plants applied with B, organic fertilizer, 

and seed inoculant. These findings imply that using B in conjunction with organic or inorganic 

fertilizers and seed inoculant could improve peanut growth and yield performance under the Tarlac, 

Philippines conditions. 

 

Keywords: boron, fertilizers, growth and yield, peanut, production 

 

Introduction 

Peanut )Arachis hypogea L.( is one of 

the most important legumes planted as cash 

crop in the world. In many countries in the 

Asian region, peanut is utilized as rotation crop 

after rice since the crop has the ability to enrich 

nutrient-depleted soils with nitrogen fixation 

and has great potential even for small farmers 

with limited resources, thus suitable for rice-

based cropping systems that dominate the 

agricultural areas in the tropics. Peanut also 

accounts as raw material for food and feed 

industries due to its high protein and oil 

content )Arya, Salve, & Chauhan, 2016; 

Pandey, Herrera, & Pendleton, 1984; Stagnari, 

Maggio, Galieni, & Pisante, 2017; Zhao, 

Chen, & Du, 2012(  

In the previous production data, China was the 

world's leading producer of peanut, accounting 

for nearly 41.0% of the total output among the 

top producers in 2019. India, Nigeria, and the 

United States followed with an estimated 6.8, 

3.0, and 2.5 million metric tons production, 

respectively (USDA, Available online: 

https://www.fas.usda.gov/data (accessed on 8 
October 2021). In the Philippines, peanut 

production was reported at 3.7 thousand metric 

tons )PSA, 2019(. Low production volume of 

peanut in the Philippines was posed by 

diseases, insects, and weeds. Limited land 

areas were also utilized for peanut production 

in favor of other crops intended for different 

production purposes )PSA, 2021(. Findings of 

Huelgas, Manuel, and Gabriel )1990( also 

showed that the operating capital of farmers, 

farm size, and total labor also significantly 

affected peanut production in the country.  

A number of studies have highlighted the 

positive influences of various fertilizers and 

mailto:cmsagun@tau.edu.ph
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cultural methods in peanut production. The 

variations in the application of either organic 

or inorganic or combining both and foliar 

fertilizers, tillage systems, irrigation methods, 

and seed inoculations have significantly 

increased the growth and yield performance of 

different peanut varieties )Basu, Bhadoria, & 

Mahapatra, 2008; Bogino et al., 2006; Johnson 

Iii et al., 2001; Lamb et al., 2004; Shokes, 

Róźalski, Gorbet, Brenneman, & Berger, 

1996(   

Boron )B( deficiency was reported to be 

associated in peanut internal nut damage 

known as "hollow-heart," which negatively 

affects the quality and value of the crop as 

characterized by discolored and irregular 

shaped beans. Peanuts with hollow-heart are 

unacceptable in the market because of their 

off-flavor and short shelf-life, thus adversely 

affecting the income of farmers )Agriculture 

and Natural Resources, accessed January 

2019(. Boron is one of the essential 

microelements needed by plants for growth 

and development )Pereira et al., 2021(, and the 

availability  of B in soil and irrigation water is 

an important factor of agricultural production 

)Camacho-Cristóbal, Rexach, & González-

Fontes, 2008(. Previous studies suggest that 

application of B in peanut influences its 

flowering and yield attributes, and all boron 

sources increase yield and yield attributes in 

the crop )Keerati-Kasikorn, Bell, & 

Loneragan, 1991; Singh, Chaudhari, & Basu, 

2007; Singh, Jat, & Misra, 2009(. In this study, 

we have evaluated the growth and yield 

performance of peanut as influenced by boron 

fertilization under Tarlac, Philippines 

agrometeorological conditions.  

 

Materials and Methods 

Experimental site 

The study was conducted at Sta. 

Ignacia, Tarlac, Philippines. The experimental 

site )400 m2 land( was established in a rainfed 

farm with agrometeorological conditions 

)January to April 2020( observed at: 

temperature )31-35 °C(, humidity )40-50%(, 

rainfall )very low to low(; and evaporation )3-

5 mm/day( )sourced from TAU 

Agrometeorological Station(.  

Plant material and sowing of seeds 

 Peanut )A. hypogea L.( var. NSIC Pn11 

was used in this study. Seeds were sown using 

a manual driller on a 3x5 m2 plot spaced at 30 

cm between hills. Thinning was done 2 weeks 

post emergence, maintaining 3 seedlings per 

hill.  

 

Land preparation, fertilization and 

application of treatments 

 Prior to land preparation, soil analysis 

was done to determine the base optimum rate 

of fertilizers to be applied in the experimental 

site. Treatments were set following the 

application of organic )vermicast( and/or 

inorganic fertilizers )14-14-14(, Rhizobium 

inoculant )NitroPlus(, and Boron )Fertibor®( 

fertilization. The following are the treatments 

employed in the study: Treatment 1 – Negative 

Control; Treatment 2 – Boron + Organic 

Fertilizer; Treatment 3 – Boron + Inorganic 

Fertilizer; T4 – Boron + Rhizobium Inoculant 

+ Organic Fertilizer; T5 – Boron + Rhizobium 

Inoculant + Inorganic Fertilizers.  

 

Irrigation, weeding, and pest management 

Adequate irrigation was done to supply 

the optimum rate of moisture required for 

growth and development of peanut. Irrigation 

water was taken from the pre-established small 

farm reservoir in the study site. Proper 

sanitation was also done in the experimental 

site to avoid pest incidences. Hand weeding 

was done for weeds that have emerged in the 

experimental area.  

 

Harvesting and collection of data 

Harvesting was done after 90 days of 

sowing. Yield data were taken from 3 inner 

rows per plot. Harvested pods were thoroughly 

cleaned and sundried for 24 hours. The data 

gathered were as follows: average number of 

pods per plant, pod/bean yield per plot; 

computed pod/bean yield per hectare; weight 

of 100 seeds; and shelling percentage.  

 

Statistical design and analysis 

 The study was established using the 

Randomized Complete Block Design at 5 

treatments x 3 replications. Data were 

analyzed using the Analysis of Variance 

)ANOVA( through the Statistical Tool for 
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Agricultural Research software )IRRI, ---(. 

Significant data sets were further analyzed 

using the Least Significant Differences LSD(. 

P-value was set at 0.05. 

  

Results 

Morphological characteristics of peanut after 

treatment application 

The morphological characteristics of 

A. hypogea var. NSIC Pn11 after treatment 

application is presented in Table 1. Results 

showed that peanut plants applied with 

different treatments are significantly taller, and 

are inclined to flower and mature earlier than 

unapplied plants. Days to flower in treated 

plants is approximately 40 days which is a day 

earlier as compared to control at 41 days. 

Plants applied with boron and inorganic 

fertilizers )with or without seed inoculant( 

matured a day earlier )98 days( than the control 

and plants applied with B and organic fertilizer 

)99 days(. Plants applied with B and organic or 

inorganic fertilizers are 4-5% taller than the 

unapplied plants after 90 days after planting 

)DAP(. Rhizobium-inoculated seeds prior 

planting and applied with B and fertilizers after 

yielded 5-6% )73.53-74.15cm( taller plants 

after 90 DAP. On shelling percentage, plants 

applied with various treatments have higher 

shelling rates than the control. Plants applied 

with B, seed inoculation, and organic fertilizer 

had the highest rate of shelling percentage at 

73.7%. Days to flower are counted on the first 

initiation of flowers in test plants. Days to 

mature are counted by sampling test plants 

with brown-colored pods. 

 

 

Table 1. Morphological characteristics of peanut var. NSIC Pn11 after boron fertilization. 

Treatments Plant Height )cm( 

Days to 

flower 

)days( 

Days to 

Mature 

)days( 

Shelling 

Percentage 

)%( 

 30 DAP 

60 

DAP 

90 

DAP    
Control 23.04 53.30a 69.12c 41.9a 99.7a 69.7c 

B + OF 24.04 50.48b 72.11b 40.6b 99.0b 71.0b 

B + IF 24.35 51.14b 73.05b 40.5b 98.7c 71.0b 

B + SI + OF 24.51 51.47b 73.53b 40.3b 98.3c 73.7a 

B + SI + IF 24.72 51.91b 74.15a 40.3b 98.3c 70.7c 

* Data were taken from 3 inner rows per plot )10 plants/plot( and average of 3 replications. Means with the 

same letter are not significantly different. CV = 12.33%. Legend: B – Boron; SI – Seed Inoculant; OF – 

Organic Fertilizer; IF – Inorganic Fertilizer 

 

Pod yield per plant and weight of 100 beans  

Data on the pod yield of A. hypogea 

var. NSIC Pn11 showed significant differences 

on treatments versus control. Treated plants 

have more pods per plant ranging from 18-

36% )16.0-20.9( than the untreated plants 

)13.4(. Plants applied with B, inorganic 

fertilizer, and seed inoculation produced the 

highest number of pods at 20.9 while the 

control produced the lowest at 20.9. Increased 

pod yield at 29% )18.9( was also observed in 

plants applied with B, organic fertilizer, and 

seed inoculant. Coating the seeds with 

Rhizobium inoculant, and applied with either 

organic or inorganic fertilizers without B have 

increased the yield at 16% and 23%, 

respectively )Fig. 1a( 

Greater number of filled pods and lesser 

number of unfilled pods were also observed in 

plants applied with B, inorganic fertilizer, and 

Rhizobium inoculant )14.6( compared to all 

treatments )9-23%; 11.2-13.2( and control. In 

plants applied with B, organic fertilizer, and 

Rhizobium inoculant, 29% increased number 

of pods was observed compared to untreated 

plants. Seeds coated with Rhizobium inoculant 

and applied with either organic or inorganic 

fertilizers produced comparable number of 

filled pods per plant )Fig. 1b(.  
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In the number of unfilled pods per plant, 

untreated plants have the least number of 

unfilled pods counted )4.0( while plants 

applied with B, inorganic fertilizer, and 

Rhizobium inoculant have the most number 

)6.3(. This result may be attributed to the 

recorded number of pods of plant with 

untreated plants having the least, and the latter 

having the greatest )Fig. 1c(. 

In the weight of 100 beans, plants applied with 

B, Rhizobium inoculant, and applied with 

either organic or inorganic fertilizers yielded 

heavier bean weight at 65g and 66g, 

respectively, while plants applied with 

Rhizobium inoculant and organic/inorganic 

fertilizers without B fertilization produced 

60.3g and 62.5g bean weight, respectively. 

Untreated plants had the lowest recorded bean 

weight at 57.4g )Fig. 1d( 

These results on the pod yield/plant and weight 

of 100 beans indicate that application of B, 

organic/inorganic fertilizers, and Rhizobium 

inoculant significantly increased the average 

yield capacity of peanut plants. 

 
Figure 1. Yield per plot. A( Number of pods per plant; B( number of filled pods; C( number of 

unfilled pods; D( weight of 100 beans. Data were taken from 3 inner rows per plot )10 plants/plot( 

and average of 3 replications. Error bar indicates standard error at p-value 0.05. Legend: B – Boron; 

SI – Seed Inoculant; OF – Organic Fertilizer; IF – Inorganic Fertilizer 

 

Yield per plot/hectare of peanut after 

treatment application 

The average yield of peanut var. ‘NSIC 

Pn11’ is presented in Figure 1. Data showed 

that peanut plants applied with B and inorganic 

fertilizers have 14.5% increased pod and bean 

yield/plot and computed yield/hectare 

compared to the control )no application(. Yield 

in peanut plants applied with B and organic 

fertilizers increased the pod and bean 

yield/plot and computed yield/hectare at 

12.67%. Plants applied with B, coated with 

seed inoculant, and applied with either organic 

or inorganic fertilizers have 16% and 18% 

greater yield than the unapplied plants. These 

results indicate that peanut seeds coated with 

Rhizobium inoculant, and application of 

optimum fertilizers and B in growing plants 

will produce greater yield than those unapplied 

plants. The average yield of peanut var. ‘NSIC 

Pn11’ is 1.6-1.63 tons/ha under Philippine 

conditions )BAFS, 2012(. 
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Figure 2. Average yield of peanut var. NSIC 

Pn11. A( pod and bean yield per hectare; B( 

estimated pod and bean yield per hectare. Data 

were taken from 3 inner rows per plot )10 

plants/plot( and average of 3 replications. 

Error bar indicates standard error at p-value 

0.05. Legend: B – Boron; SI – Seed Inoculant; 

OF – Organic Fertilizer; IF – Inorganic 

Fertilizer 

 

Discussion 

Boron )B( plays an important role in 

the biosynthesis of some metabolic 

compounds such as antioxidants and 

polyphenols. B is also primarily involved in 

structural development in plant’s cell walls, 

maintenance of plasma membrane functions, 

stimulation of reproductive tissues, and 

improvement of seed quality )Cakmak & 

Römheld, 1997; Marschner, 2011(. In 

legumes, adequate B is required for effective 

nitrogen fixation and nodulation. Boron 

deficiency commonly results in empty pollen 

grains, poor pollen vitality and a reduced 

number of flowers per plant. Low B supply can 

also stunt root growth )BS & RG, 2004(. In our 

results, application of Boron in peanut 

increased the yield per plot and computer yield 

per hectare. Similar findings were also 

observed in different peanut varieties under 

various conditions  )Ansari, Prakash, Singh, 

Sharma, & Punitha, 2013; Jena, Nayak, 

Mohanty, Jena, & Mukhi, 2009; 

Quamruzzaman et al., 2016(. These results 

conform with the report that B influences 

flowering, yield, and yield attributes )Singh et 

al., 2009(.  

 Kelling )1999( also reported that most 

of the B in soils is stored in organic matter. 

Soils low in organic matter are deficient in B 

than soils with high organic matter content. 

Boron application alongside with organic 

fertilization and seed inoculation also 

increased the growth and yield of peanut as 

presented in this study. These data follows the 

findings of Jena et al. )2009( on the application 

of Boron at 1 kg/ha and B enriched cow dung 

which significantly increased peanut pod yield 

by 57 and 62%, respectively. Since there are 

limited resources stating the direct relationship 

of B and organic matter in promoting plant 

growth and development, the present study 

and some findings suggest its positive 

association. The study conducted by Diana, 

Beni, and Marconi )2008( accounted that 

biomass application to the soil influences the 

sorption B behavior, which is related to the soil 

shear strength and the compaction 

susceptibility; compaction increases the shear 

strength of the soil, and is important to retain 

moisture in the soil. Since organic fertilizers 

are rich in biomass, with the results presented 

in this study, application of B combined with 

organic fertilizers and seed inoculant in 

peanut, could also increase the plant’s growth 

and development, thereby promoting increase 

in yield. The results of the present study show 

that peanut growth and yield could be further 

improved through B application in conjunction 

with either organic or inorganic fertilization, 

and seed inoculation.  

 

Conclusions 

The current study highlighted that the 

application of boron has a positive effect on 

vegetative growth and yield performance of 

peanut var ‘NSIC Pn11’. Peanut plants applied 

with B, inorganic fertilizers, and seed 

inoculant produced the highest height, and 

flowered and matured earlier compared to 

other treatments. In yield and yield attributes, 

the same treatment produced the optimum 

results with little differences to plants applied 

with B, organic fertilizer, and seed inoculant. 

These findings suggest that applying B 

alongside the application of either organic or 

inorganic fertilizers, and seed inoculant could 

improve the growth and yield performance in 
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peanut under Tarlac, Philippines 

agrometeorological conditions.  
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Abstract 

The study investigated the growth and production of Taiwan Chili Pepper )Capsicum capsici( 

in a net house condition as influenced by fortified bio-organic fertilizer )FBOF(. The experimental 

treatments were designed as fertilizer increments )negative, recommended inorganic fertilizer, 600g, 

900g, 1200g FBOF( in Randomized Complete Block Design )RCBD( with 3 replications. The FBOF 

was a 180-day old rabbit manure + Trichoderma spp. mixed with effective microorganism activated 

solution )EMAS(, banana peels and madre de cacao leaves )Gliricida sepium(. The application of 

varying levels of FBOF resulted in significant plant height increase from day of transplanting until 

80 days after transplanting )DAT(. Additionally, number of lateral branches were found to be 

significantly higher in the treatment with least amount )600g( of FBOF application. Overall, 

treatments with varying levels of FBOF obtained significantly different number of branches than the 

recommended inorganic fertilizer treatment. Early flowering, early fruit development and early fruit 

ripening were also exhibited by the Taiwan chili pepper applied with 600g of FBOF. The yields of 

the FBOF increments further provided significantly higher yields than the recommended inorganic 

fertilizer. Soil profile post-application of the fertilizers showed that those soil with FBOF exhibited 

increased macronutrients )NPK( organic matter, organic carbon, and trace elements. Based on the 

findings, the application of fortified rabbit manure + Trichoderma spp. demonstrated significant 

effect on the growth and yield of Taiwan chili pepper. Moreover, the application of varying levels of 

the fortified bio-organic fertilizer to the soil in the net house improved the soil composition and 

fertility as implicated by the post-treatment analyses. The present study strongly suggested that the 

use of fortified bio-organic fertilizer has the potential to be an alternative or possibly supplement 

fertilizer in cultivating Taiwan chili pepper and thereafter improve soil fertility over time. 

Keywords: Fortified Bio, Organic Fertilizer, Trichoderma spp., Chili Pepper, Rabbit Manure, Soil 

Fertility 
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Introduction 

For almost a decade ago, red hot 

pepper F1 or Taiwan chili pepper had gained 

its popularity among farmers who had chosen 

to produce vegetables and crops of high value. 

According to Food and Agriculture 

Organization )FAO, 2020(, Philippines is a 

growing producer of pepper in the world, 

producing around 15 MT/ha as of 2017. In the 

Philippines, there are chili peppers that are 

usually grown and contribute to the spice 

palette of Filipino cuisine. One of these is the 

Taiwan Chili pepper, locally known as “Siling 

Tingala'' and often sold as “Siling labuyo” due 

to their similar appearance. As a matter of fact, 

Taiwan chili pepper is a hybrid of Capsicum 

frutescens and Capsicum annuum )San Jose, 

2021(. Nowadays, Taiwan chili pepper is one 

of the great sources of spices and ingredients 

to many food products.  

With the country turning into a top producer of 

chili on a global scale, there is a need to sustain 

its production. However, production with the 

use of inorganic fertilization comes with 

detrimental consequences to the environment, 

and this is where organic farming to some 

relevant degree may be of advantage to lessen 

the declining health of environment 

particularly the soil. 

While the agricultural sector in the country has 

provided many great services and 

opportunities to people including livelihood 

and food production, extensive agriculture, 

particularly, the rampant use of chemical 

fertilizers has led to poor soil fertility. 

Bio-organic fertilizers are becoming 

increasingly popular in many countries. A 

biofertilizer can either be utilized as fertilizer 

or as soil amendment, reliant to its effect on 

the plant nutrition. A fertilizer therefore is a 

ready source of quickly available nutrients 

with direct and short-term effect on plant 

growth, while a soil amendment indirectly 

influence plant growth by enhancing the 

physical and biological properties of the soil in 

general )Angelova et al, 2013(. Bio-organic 

fertilizer is an essential component of organic 

farming and play a vital role in maintaining 

long-term soil fertility and sustainability, as 

well as its key role in protecting the 

environment as eco-friendly and cost-effective 

inputs for farmers )Kumar, 2021(. 

Consequently, Trichoderma spp. has been 

identified and well characterized as 

decomposer fungi for having the nature of 

saprophyte. Trichoderma spp provides free 

organic matter especially in the provision 

process of compost )Badaluddin & Zin, 2020(.  

Recently, many studies have been focused on 

development of agro-waste based bio-

fertilizers. Bio-fertilizers are derivatives of 

agricultural waste such as manure, husks, leafy 

vegetables and fruits residues, etc. that are 

breakdown by bio-decomposers 

)microorganisms( and are also known as 

recycled products containing, basic and 

secondary nutrients )Thaha et al., 2020(. 

Rabbit manure is one agro-waste that is 

produced at an increasing rate since rabbit 

production for food purposes is becoming 

popular in the country as alternative to pork as 

promoted by the Philippines’s Department of 

Agriculture )Celes-Bejarin, 2021(. 

Thus, the aim of the study is to measure the 

growth and yield response of the Taiwan chili 

pepper using biofertilizers from local 

agricultural wastes. The study further aims to 

significantly contribute to the knowledge 

generation on the development, production 

and fortification of bio-organic fertilizer 

through use of locally sourced agricultural 

wastes. Lastly, the foregoing study assessed 

the short-term influence of the biofertilizer in 

the soil fertility. 

 

Material and Methods 

Collection of the Materials 

The researchers gathered and 

purchased all the materials required for the 

experiment from trusted sources. The rabbit 

manure was collected from the rabbit 

production facility of the College of 

Agriculture, BASC at Poblacion, San 

Ildefonso, Bulacan. The banana peels were 

collected from banana vendors in Camias, San 

Miguel, Bulacan while the madre de cacao 

leaves were gathered from different barangays 

in San Ildefonso and San Miguel, Bulacan. 

The EMAS )EM-1( was purchased locally and 

the homogenous powder form of Trichoderma 

spp. )BioQuick( was purchased from UPLB 

NIMBB )UP Los Baños(. 
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Land Preparation  

The study area was set up on the Net 

House 6 at the College of Agriculture – 

Bulacan Agricultural State College )15° 4' 

47.586", 120° 56' 53.8404"(. The land was 

cultivated manually, and weeds were removed 

manually before putting a black plastic mulch. 

The researchers followed the chili manual 

production of Cultivation New Frontiers in 

Agriculture )CNFA, 2014( for the proper way 

of land preparation. Soil was plowed to the 

depth of the expected root zone and clods were 

crushed. A depth of 30-45cm was provided for 

optimum soil structure for the Taiwan chili and 

to produce vigorous seedlings. The area 

)132m2 22mx6m( was divided into 3 blocks 

with 5 plots each, making a total of 15 plots 

with an area of 1m x3.5m.  Five )5( treatments 

with Randomized Complete Block Design 

)RCBD( were used: T1 the negative control, 

T2 – for positive control )synthetic fertilizer(, 

T3 – 600 grams Fortified Bio-Organic 

Fertilizer, T4 – 900 grams Fortified Bio-

Organic Fertilizer and T5 –1200 grams 

Fortified Bio-Organic Fertilizer.  

 

Seedling Preparation of Taiwan Chili Pepper 

The seeds were germinated in seedling 

trays within 30 days as recommendation of 

farmers’ practices and the temperature ranged 

between 27 - 32˚C to ensure that the seedlings 

will be vigorous, and stems hardened enough. 

Vermicompost mixed with coco peat in 1:1 

ratio was used as the germination media as 

adopted from vegetable growers’ practice. If 

some seeds did not grow, it was recorded for 

the data of mortality rate and replanted within 

7 days only. Any incurred mortality 30 days 

after sowing )DAS( was recorded as mortality 

rate. To compute the data of mortality rate, the 

number of dead seeds will be divided into the 

number of seedlings multiplied by 100. One 

seedling per hill was transplanted 31 days after 

sowing )DAS( at a distance of 60 cm between 

rows and 50 cm between plants. 

 

Soil Sampling and Analysis 

Soil samples were collected from net 

house 6 using the method of Imakumbili 

)2019( with some modifications. All the 

samples collected were mixed thoroughly until 

a bulk sample was produced. A 2kg soil 

sample was collected. This collected sample 

was air-dried and sieved before submitting to 

Department of Agriculture-Regional Soils 

Laboratory for analysis. The analysis was done 

before the establishment of the experiment and 

after the termination of the experiment. The 

soil parameters that were tested include total 

nitrogen, total phosphorus, organic carbon, 

organic matter, pH and trace elements )Zn, 

Mg, Cu, Mn(. Methods of testing followed the 

standards of Association of Analytical 

Chemists )AOAC, 2005(. 

 

Preparation of Fortified Bio-Organic 

Fertilizer 

To fortify, the pre-produced BOF )180 

days old( was mixed with the different types of 

agricultural wastes like banana peels )partially 

decomposed( and madre de cacao leaves with 

the ratio of 1:1:1. The procedures of Savala et 

al. )2003( was adopted with modifications. 

The materials such as banana peels and leaves 

of Madre de cacao was chopped into desirable 

size to breakdown quickly. The chopped 

banana peels and madre de cacao was mixed 

with the BOF thoroughly. Once, completely 

mixed, the liquid enhancer )EMAS( was 

applied gradually while combining the 

materials to ensure the effectiveness and every 

10ml of EMAS was added to a 1 liter of water. 

The moisture content of the FBOF was 

checked by molding the sample of FBOF into 

a round shape, if there is no water left on the 

hand it means the moisture content is around 

30 to 40%. Then, FBOF was covered and 

secured with galvanized iron sheet within 4 

weeks and harvest if all the materials are 

completely decomposed. The harvested FBOF 

applied depend on the days of application and 

the remaining FBOF was put on the sacks and 

stored on the storage room to secure the 

moisture of FBOF. 

 

Application of Fortified Bio-Organic 

Fertilizer 

The fertilizer was applied in four splits. 

The first application was applied basal in day 

after transplanting )DAT(. The three 

applications were done at 20 DAT, 40 DAT 
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and 80 DAT, respectively by side dressing. 

The application rate for the FBOF treatments 

were as 150g )T3(, 225g )T4( and 300g )T5(. 

Negative control )T1( was not applied with 

any fertilizer while positive control )T5( 

followed the recommended inorganic fertilizer 

based on the soil analysis result.  

 

Water Management  

Manual watering was done early in the 

morning or late in the afternoon, once a day. 

For the water, it was stored for 24 hours before 

to use and stock on the 200 liters drum to get 

rid the chlorine present on the water. 

 

Mulching 

The black polyethylene mulch with an 

area of 1 x 3.5m was used to cover the plots to 

prevent the growth of weeds in the 

experimental plots. Holes was made by using 

PVC puncher. 

 

Pest and Disease Management  

 Regular observation and monitoring of 

the experimental plots was carried out to 

manage pest and diseases. Pruning of damaged 

or diseased leaves was done to prevent 

significant mortality and loss among the 

transplanted Taiwan chili pepper. Incidence of 

insect pests was managed through application 

of different cultural and natural practices like 

manual method and planting of marigold on 

the side of net house both inside and outside.  

 

Pruning and Weed Management 

In 65 DAT of Taiwan chili pepper, 

manual method was used to remove the extra 

leaves/lateral branches in the lower part of the 

plant during the harvest period and as well to 

eliminate the unwanted plants in the 

experimental plots. 

 

Harvesting 

Once the Taiwan chili pepper began to 

fruit, harvesting was carried out for each 

treatment and recorded the number of harvests 

occurred in every plot. Harvesting was done up 

to 29 times with maturity indices of color red 

or at least 80 percent ripened, according to 

East-West Seed Company data. 

 

Plant Tissue Assay 

Plant samples from each treatment 

were taken after the last harvest during 

120DAT. The plants were cut and chopped 

into smaller pieces and oven dried at 80ºC 

)Memmert UM 300( for six hours and thirty 

minutes per day for one week. The dried plant 

parts were powderized )JTC Omniblend( and 

was tested for NPK uptake )AOAC, 2005(. 

 

Statistical Analysis of Data 

All the gathered data was statistically 

analyzed using the analysis of variance 

)ANOVA( and Tukey HSD for Randomized 

Complete Block Design )RCBD( in Statistical 

Tool for Agricultural Research )STAR( 

version 2.0.1 )IRRI(. 

 

Results 

Influence of Fortified Rabbit Manure + 

Trichoderma spp. Bio-organic Fertilizer on 

the Plant Height of Taiwan Chili Pepper 

During 40 and 60 DAT, T3 with 

600grams of FBOF showed the highest plant 

height of Taiwan chili pepper with 83.80cm 

)40DAT( and 137.30cm )60DAT( and was 

found to be significant )p<0.05(. While at 80 

DAT, plant height in the different treatments 

were found to be comparable and not 

significantly different from each other )Figure 

1(. 

 

Influence of Fortified Rabbit Manure + 

Trichoderma spp. Bio-organic Fertilizer on 

the the Number of Lateral Branches 

The initial number of lateral branches 

was counted on the second week after 

transplanting of Taiwan chili pepper. During 

this time, T3 was the first to develop branches 

and have been observed producing 20-22 

leaves. Also, the branches of T3 increased in 

length after 20 days.  

Then on 40DAT, T3 was still consistent at 

developing the highest number of lateral 

branches )Table 1(.
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 Figure 1. Comparison of the plant height in 40, 60 and 80DAT in the different treatments of 

fertilization.  

 

Consistently, T3 with 600grams of FBOF 

showed the highest number of lateral branches 

of Taiwan chili pepper during 40, 60 and 80 

DAT and in all treatments and has been 

calculated to have significant difference. 

  

 

Table 1. Comparison of the Number of Lateral Branches of Taiwan Chili Pepper at 40, 60 and 80 

DAT in 5 Different Fertilizer Treatments 

 

Treatment 

Number of Lateral Branches 

(40 DAT)              (60 DAT)          (80 DAT) 
1 (Negative) 2.56+  0.40 d 4.00+  1.15c 7.56+  0.37b 
2 (RIF) 5.40+  0.16bc 11.70+  1.70 a 15.10+  0.54a 
3 (600 grams FBOF) 7.20+  0.44 a 12.90+  0.99a 15 .40+  0.31a 
4 (900 grams FBOF) 5.80+  0.25b 12.30 + 1.49a 15.10+  0.47a 
5 (1200 grams FBOF) 4.30+  0.54c 9.40+  1.17b 14.10+  0.37a 

Means with different letters in the same column are significantly different (p<0.05)

Influence of Fortified Rabbit Manure + 

Trichoderma spp. Bio-organic Fertilizer on 

Flower Emergence, Fruit Development, and 

Fruit Ripening of Taiwan Chili Pepper   

Flower emergence, fruit development 

and fruit ripening were measured when 50% of 

the population of the Taiwan chili pepper were 

observed to proceed with those mentioned 

reproductive developments. And as shown in 

Table 2, T3 demonstrated the shortest number 

of days prior to its first flower appearance at 

20.5 days. T5 shared the same statistical 

significance at 22.50days. This was followed 

by T2 )23days( and equaled statistically by T5 

)22.5days(. Meanwhile, T4 had the second 

longest days to flowering at 28.50 while T1 

had the longest days to flower emergence at 

37days.  

For the number of days to first fruit 

development, T3 again provided the shortest 

days for fruit development as presented in 

Table 2. At 27 days, 50% of the plants under 

T3 )600g FBOF( application was able to bear 

its first fruit. Plants in T5 had similar findings 

wherein at day 28, 50% of the plant population 

also bore its first fruit. Plants on T2 followed 

and by day 30, half of the plant population also 

bore their first fruit. On the other hand, T4 

)900g FBOF application( was not able to gain 

comparable results with other FBOF 

treatments )T3 and T5( because it was 

observed to have significantly longer days 
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before the plants in this treatment were able to 

produce their first pepper fruit at 35 days.  

Consistent with flower emergence and fruit 

development, T3 )68 days( also had the 

quickest response to days to fruit ripening as 

observed on the 50% of the Taiwan chili 

pepper population in all replications. All other 

treatments )T1, T2, T4, and T5( had the same 

effect on the longest days at distinct levels of 

treatment and did not differ substantially 

ranging between 74-77 days. At the same time, 

the reported days to fruit ripening of the 

Taiwan chili pepper in T3 was relatively 

shorter than the supposed maturity of hot 

pepper of F1 from the East-West Seeds 

Company where the Taiwan chili pepper seeds 

were sourced, which was 70-75 days. 

 

 

Table 2. Comparison of Days to Flowering, Fruit Development, and Fruit Ripening of 

Taiwan Chili Pepper in 5 Different Fertilizer Treatments 

Means with different letters in the same column are significantly different (p<0.05)

Influence of Fortified Rabbit Manure + 

Trichoderma spp. Bio-organic Fertilizer on 

Average Total Yield of Taiwan Chili Pepper   

Highest yield was obtained by T3 

)901.27g( which was comparable with other 

FBOF treatments T4 )778.45g( and T5 

)838.55g( respectively. All FBOF treatments 

recorded comparable yields, however, T3 and 

T5 significantly differed with T2 )670.18g( 

and T1 )478.27g( clearly demonstrating that 

the plants applied with FBOF were able to 

produce higher yields of chilli than with 

recommended inorganic fertilizer treatment 

)Table 3(.  

  

Table 3. Comparison of Total Yield in grams of Representative Sample Plants of Taiwan Chili 

Pepper in 5 Different Fertilizer Treatments 

Means with different letters in the same column are significantly different (p<0.05) 

 

 

 

 

Treatment Days to flowering Days to first fruit 

development 

Days to fruit 

ripening 

1 (Negative) 37.00 + 0.82 a
 44.50 + 0.87a 77.00 + 0.91a 

2 (RIF) 23.00 + 0.82c 30.50 + 0.87c 77.00 + 0.91a 

3 (600 grams FBOF) 20.50 + 0.76d 27.00 + 0.82d 68.77 + 1.02c 

4 (900 grams FBOF) 28.50 + 0.76b 35.00 + 0.91b 76.00 + 0.91ab 

5 (1200 grams FBOF) 22.50 + 0.76cd 28.50 + 0.87 cd 74.00 + 0.91b 

Treatment Mean Yield (g) 

1 (Negative control) 478.27 + 50.22c 

2 (Positive control) 670.18 + 36.61b 
3 (600 grams FBOF) 901.27 + 59.89a 
4 (900 grams FBOF) 778.45 + 47.71ab 
5 (1200 grams FBOF) 838.55+  39.72a 
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NPK Uptake of the Plant Tissue of Taiwan 

Chili Pepper as Affected by FBOF 

The nitrogen uptake in T1 )5.11%( was 

found to have the highest concentration in 

whole plant parts. This was followed by 

T2)3.19%( and T4 )3.18%(, and the lower 

percentages were found out in T5 )2.83%( and 

T3 )2.17%( respectively. T1 had the highest 

statistical significance while T3 had the lowest 

significance. In addition, no significant 

difference was observed between T2 and T4 

)Table 4(. 

 

 

Table 4. The NPK Cconcentrations in the Plant Tissue of Taiwan Chili Pepper in 5 Fertilizer 

Treatments 

Treatments Mean Nitrogen 

 )%( 

Mean Phosphorous 

 )%( 

Mean of Potassium 

 )%( 

T1 (Negative Control) 5.11 + 0.14 a 0.25 + 0.003 c 2.83 + 0.019 c 
T2 (Positive Control) 3.19 + 0.14 b 0.25 + 0.006 c 2.68 + 0.059 d 
T3 (600g of FBOF) 2.17 + 0.03 d 0.25+  0.001 c 3.10 + 0.006 b 
T4 (900g of FBOF) 3.18 + 0.003 b 0.33+  0.001 a 3.20 + 0.011 a 
T5 (1, 200g of FBOF) 2.83 + 0.09 c 0.30 + 0.003 b 3.19 + 0.020 ab 

Means with different letters in the same column are significantly different (p<0.05). 

 

Influence of Fortified Rabbit Manure + 

Trichoderma spp. Bio-organic Fertilizer on 

the Root-Shoot Ratio of Taiwan Chili Pepper 

The determination of root-shoot ratio 

)R:S( could explain which function does the 

fertilizer strongly provide for the plants 

)Blaha, 2019(. Generally speaking, root-shoot 

ratio pertains to the ratio of the amount of plant 

tissues that have supportive functions )root( to 

the amount of those that have growth functions 

)shoot(. Plants with a higher proportion of 

roots can compete more effectively for soil 

nutrients, while those with a higher proportion 

of shoots can collect more light energy and 

perform better photosynthesis. Agathokleous 

et al. )2019( described R:S an important index 

for assessing plant health and a sensitive 

indicator of plant stress caused by chemical or 

physical agents. 

The root to shoot ratio of Taiwan chili pepper 

was recorded during the termination day of 

study )120DAT(. As seen in Table 5, from T2 

to T5, R:S were not significantly different 

from one another implicating that these 

treatments resulted in similar root-to-shoot 

ratios as affected by the different levels of 

FBOF )T3-T5( and recommended inorganic 

fertilizer )T2(. Meanwhile the negative control 

)T1( had the lowest R:S )1:5( which differed 

significantly from the other four treatments. 
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Table 5. Comparison of Root-Shoot Ratio Dry Weight Basis of Taiwan Chili Pepper in 5 Different 

Treatments 

 

 Means with different letters in the same column are significantly different (p<0.05) 

 

Table 6. The Soil Properties Before and After Application of Fortified Bio-Organic Fertilizer. 
 

Means with different letters in the same column are significantly different (p<0.05) 
 

 

Improvement on Soil Composition Post 

Application of Fertilizer Treatments 

 The use of FBOF has positive 

influence both on the soil and on the yield of 

Taiwan chili pepper )Table 6(. While there is a 

limitation to this study because of the inability 

to determine the presence of the colony of 

Trichoderma spp. and rhizobacteria in the soil 

samples, the researchers believe that the 

balanced soil parameters and improved macro 

and micronutrient contents of the soil in this 

study presented a strong evidence that the 

FBOF effectively improved the soil properties 

and its composition. 

 As shown in Table 6, FBOF 

Treatments were reported to have higher 

concentration of macronutrients, organic 

matter, organic carbon, trace elements and pH. 

The distinct increase in total NPK implied that 

the application of fortified bio-organic 

fertilizer  could improve soil fertility if 

constantly practiced in agricultural production.  

 

 

 

 

 

Treatments 

 

Root dry weight 

(g ) 

 

Shoot dry weight (g ) 

 

Rdw/Sdw( g) 

 

R-S Ratio 

1 (Negative) 17.68±1.50b 84.88±8.70b 0.22±0.03a 1:5 

2 (RIF) 20.6±1.93ab 159±10.74a 0.13±0.01b 1:8 

3 (600 grams 

FBOF) 
19.60±1.57b 143.38±13.72a 0.14±0.01b 1:7 

4 (900 grams 

FBOF) 
26.4±1.29a 161.08±5.83a 0.16±0.01b 1:6 

5 (1200 grams 

FBOF) 
17.60±0.68b 137.24±3.66a 0.13±0.01b 1:8 

Parameter Soil without 

Application 

T1 –  

Negative  

T2 – RIF T3 – 600g 

FBOF 

T4 – 900g 

FBOF 

T5  –

1,200g 

FBOF 

Texture Medium Medium Medium Medium Medium Medium 

pH 6.75 7.03 6.92 7.05 7.03 7.15 

Organic Carbon 

 )%( 

1.23 1.23 1.51 1.98 2.07 3.33 

Organic Matter  )%( 2.44 2.11 2.60 3.40 3.57 5.73 

Total Nitrogen  )%( 0.11 0.11 0.14 0.19 0.21 0.31 

Phosphorus (ppm ) 126.40 168.39 191.79 273.26 292.65 392.95 

Potassium 

(cmol/kg ) 

0.75 0.19 0.37 0.45 0.36 0.61 

Zinc (ppm ) 16.62 23.02 24.89 29.28 28.29 40.24 

Copper (ppm ) 10.13 10.23 10.12 8.53 12.46 12.79 

Manganese (ppm ) 80.86 35.72 143.97 154.68 122.42 114.96 

Iron (ppm ) 118.97 138.09 117.78 115.68 100.89 108.06 
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Discussions 

As mentioned by Wu )2016(, bio-

organic fertilizer from microorganisms )BFM( 

may promote production of some beneficial 

secondary materials such as growth-

stimulating hormones, indole acetic acid 

)IAA(, gibberellic acid )GA(, and other 

phytohormones and enzymes which then 

stimulate development and growth of plants. 

In several studies )Halifu et al., 2019; Lopez-

Bucio et al., 2015; Shoresh et al., 2010(, 

Trichoderma spp. are proposed and considered 

as major plant growth-promoting fungi and 

have direct promotional effect on the growth 

of various seedlings. In addition, Trichoderma 

spp. have been reported by Halifu )2019( to 

promote nutrient uptake by secreting organic 

acids to dissolve minerals and activate 

nutrients in the soil, leading to the circulation 

and utilization of macro and micronutrients in 

the soil thus, making it easily available for 

plants’ absorption. This biological function of 

Trichoderma spp. may have caused the 

significant increase in the plant height of the 

Taiwan chili pepper throughout its vegetative 

stage. 

Based on the investigation of Yahya et al. 

)2022(, plant height will have implications for 

the emergence of production branches. The 

taller the plant, the higher the tendency to have 

many branches. Similarly, the more the 

branches that a plant produced indicates that it 

was able to absorb large amount of nutrients 

from the treatment applied thereby having a 

great advantage into providing a high number 

of harvest and yield. These findings 

corresponded to the results of the present study 

as the FBOF treatments shown to have greatest 

number of lateral branches were also the 

treatments with the highest yield )Table 3(.  

Moreover, the findings of this study are 

consistent with the investigation of Dema 

)2020( wherein the emergence and growth of 

lateral branches comes out around the first 

flower shoot. This was true and evident to T3 

where the first flower appearance occurred 

during day 20 followed by other FBOF 

treatments between day 22-28. T3 also showed 

the shortest day among all treatments in terms 

of fruit setting )27 DAT( and fruit ripening )69 

DAT(. 

Several studies were deemed consistent with 

this study’s results on yield of chili pepper 

from bio-organic fertilization )Yahya et al., 

2022; Zayed et al., 2013(. More so, the bio-

organic fertilizer from microorganisms have 

been associated not just with improved fertility 

of the soil but in increased yield and promotion 

of good quality horticultural crops with 

reduced cost )Hafez et al., 2022(. 

The statistically higher yields of Taiwan chili 

pepper in FBOF treatments may have been 

explained by the capabilities of the 

Trichoderma spp. to synthesize acid 

phosphatase that converts organic phosphorus 

into inorganic phosphorus and makes it 

available for plant absorption which proved to 

be vital in the plant growth and fruit yield 

)Kapri & Tewari, 2010(. Furthermore, 

Andraini et al. )2021(, also elucidated the 

application of organic fertilizers which 

provided better growth and yield of chili 

varieties, hence, organic fertilizers containing 

microorganisms such as N-fixers and P 

solvents can reduce the use of inorganic 

fertilizers by up to 50%.  

Another probable reason for the higher yield in 

terms of fruit weight was addressed by the 

increased potassium content of the FBOF due 

to addition of banana peels on the 180-day old 

BOF. It was observed that when the BOF was 

fortified, its potassium increased from 0.18 to 

0.83 )361.11%(. Some literature have proven 

that banana as fertilizer can increase flowering 

activity and yield production of many 

horticultural crops. The potassium is also 

important in pest and drought resistance )So & 

Tan, 2018; Akpan et al., 2020(. 

As investigated by Munson )1998( via plant 

analysis,  plants with higher than 4.50% 

nitrogen in their tissues could pose toxicity to 

plants that may result in poorly elongated roots 

and stems. In addition, when plants have too 

much nitrogen )N(, they become more 

attractive and susceptible to the different 

insect pests and diseases.  

The highest mean of P was found in T4 

)0.33%(, followed by T5 )0.30%(, T2 )0.25%( 

and T3 )0.25%(, and lastly, T1 )0.245%(. In 

the data presented, it indicates that T4 )900g of 

FBOF( and T5 )1200g of FBOF( have 

significantly difference among other 
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treatments when it comes to the concentration 

level of phosphorous. It is opposite to the P 

concentration level happened in T1 )negative 

control), T2 )positive control( and T3 )600g of 

FBOF(, which shows no significant 

differences from each other.  

The level of P in the plan tissued of the Taiwan 

chili pepper were found to be within a normal 

range as Munson )1998( suggested that 0.20-

0.75% is the sufficient and normal level 

concentration of P elements in plant tissues. 

These findings was supported by the plant 

tissue analysis and interpretation for vegetable 

crops performed by Hochmuth et al )2018(, 

when they established that deficient leaves 

will have only about 0.1% P in the dry matter 

while the normal level, most recently matured 

leaves of most vegetables will contain 0.25% 

to 0.6% P on a dry weight basis. 

For the K uptake, levels of K in all treatmentes 

were considered sufficient or normal. This 

result was supported by the plant analysis 

conducted by Hochmuth et al )2018(, which 

revealed that the normal and enough level of 

nutrient element K is around 1.50%-5.50%. In 

contrast, lower than 1.5% K is considered as 

defficient while, higher than 6.00% will result 

to toxicity or excessiveness which can lower 

the leaf concentration of elements such as N, 

P, Mg, Ca, Cu, In, Mn, B, and Na. K is an 

activator of dozens of important enzymes, 

such as protein synthesis, sugar transport, N 

and C metabolism, and photosynthesis. It 

plays an important role in the formation of 

yield and quality improvement )Oosterhuis et 

al., 2014(. K is also very important for cell 

growth, which is an important process for the 

function and development of plants )Hepler et 

al., 2001(.   

As for the root-to-shoot ratio, it is important to 

note that it was recorded during the maturity 

stage of the plants, and according to Blaha 

)2019(, roots proportion and growth is larger 

than the above-ground )shoot( part of the plant 

during vegetative phase of the plant. As the 

plant matures, growth-related parts comprise 

the larger proportion, though this may not be 

the case all the time. 

Because other factors may affect root-shoot 

ratio such as plant stress like disease, nutrient 

deficiency, over fertilization and water 

availability in the soil )Koike et al., 2003(. 

Other cited factors that may influence root-

shoot ratio include inherent species 

characteristics, variety, site moisture and 

nutrient availability, regeneration strategies, 

and competition for light )Mokany et al., 

2006(. 

However, on the study of Berova and 

Karanatsidis )2008(, they found out that 

nutrition with bio-fertilizer increases plant 

growth and it influences the growth rate of the 

roots and stem of the plant, as well as the 

leaves formation. Both T2 and T5 possessed 

the higher ratio of R:S with 1:8, as the normal 

condition of root-shoot ratio is 1:5 to 1:6; the 

top is 5 to 6 times heavier than the roots for 

sufficient nutrient uptake. The importance of 

the root-to-shoot ratio during vegetation is 

indisputable. This ratio is strongly associated 

with plant integrity during growth and 

development of all vegetation period and it's 

important because the root system plays a 

fundamental role in taking nutrients and water, 

and as the absorption at the root level is more 

intense, the higher the biomass, hence the 

higher the agricultural production. 

As shown in Table 6, FBOF Treatments were 

reported to have higher concentration of 

macronutrients, organic matter, organic 

carbon, trace elements and pH. All treatment 

of soil pH analysis was classified as normal 

because in the study of Neina )2019( and Stiles 

)2004(, the range of 6.5 to 7.5 considered as 

normal level of pH and most favorable for 

plant growth because most plant nutrients are 

readily available in this pH range. 

From the results of OC, it was evident that 

FBOF treatment had higher OC concentration. 

As Corning et al. )2016( claimed in their 

investigation, the higher soil organic carbon 

promotes soil structure or tilth meaning there 

is greater physical stability. This improves soil 

aeration )oxygen in the soil( and water 

drainage and retention, and reduces the risk of 

erosion and nutrient leaching.  

On the other hand, soil analysis experiments of 

Abbasi and Yousra )2015( revealed that bio-

organic fertilizers usually have higher OM 

content, which supported the results of the 

present study. And as Fenton et al. )2008( 

stated, the most productive agricultural soils 
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have between 3 and 6% organic matter. 

Similarly, in this study, higher yield 

production and optimum growth of Taiwan 

chili pepper was reported in T3, T4 and T5 

which had OM levels of 3.40 to 5.70%.  

Total NP was also found to have increased 

concentrations and this was related to higher 

OM )Abbasi & Yousra, 2012( since OM 

contains minerals and nutrients that are not yet 

released in it plant-available forms. Total K 

however decreased when compare with pre-

application of FBOF. The decrease in K 

element on soil maybe due to the different 

factors. One explanation could be the 

potassium in the soil solution may be taken up 

by the plant or lost from the soil by leaching, 

especially on sandy, coarse-textured soils 

)Han & Lee, 2006(. Likewise, Morgan and 

Connolly )2013( stated that plants contain a 

number of different transport systems to 

acquire potassium from the soil and distribute 

it within the plants which can increases disease 

resistance, helps stalks and shoots to grow 

upright and sturdy and improves drought 

tolerance. 

In the case of the Taiwan chili pepper, the 

researchers theorized that the potassium 

available in the soil and in the FBOF applied 

was absorbed by the plant favorably for its 

fruit development and increase yield as 

evidently showed in the weight of yield 

harvested in the FBOF treatments )Table 3(. 

Also, it should be noted that the study was 

conducted during summer and to make the 

plants withstand drought conditions, it needs 

to uptake higher amount of potassium from the 

soil )Dyer, 2022(. These findings are also 

consistent with the findings of Rather et al. 

)2019(.  

In terms of trace elements, Zn and Mn were 

observed to have drastic increase in the FBOF 

treatments and this may have been related to 

the solubilization of the mineral deposits from 

the organic matter when the pH was lowered 

which the effective microorganism )EM( 

potentially played a role by releasing organic 

acids to help in the breakdown of OM and 

released of plant available Zn and Mn )Iriti et 

al., 2019(.  

For the copper concentrations in the soil, of all 

the 3 treatments of FBOF, T4 )8.53ppm( 

which was the 600g application of FBOF was 

the only treatment that decrease the copper 

level in the soil compared to the untreated 

10.13ppm. Subsequently, in T5 )12.79 ppm( 

and T4 )12.46 ppm(, copper increased because 

these two treatments have higher value of P.  

In terms of copper concentration, this was 

believed to be connected to the observed 

synergistic relationship of copper and 

phosphorus which was also observed in the 

investigation of Rahman and Schoenau )2022( 

and when increased fertilization of P also 

increased the concentration of Cu availability 

in the soil.  Then, T1 )10.23 ppm( and T2 

)10.12 ppm( had almost the same value with 

the untreated soil. Consistent with the 

proposition of Stiles )2004(, copper 

availability is strongly influenced by soil pH, 

organic matter content of the soil, and levels of 

phosphates in the soil in manners like zinc. In 

addition, availability of iron decreases as soil 

pH increases. Excessive levels of phosphates 

or carbonates reduce iron availability through 

the formation of insoluble iron compounds.
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Conclusions 

The findings of the study showed that 

fortification of bio-organic fertilizer from 

rabbit manure + Trichoderma spp. and its use 

on the cultivation of Taiwan chili pepper 

significantly provided better plant 

development and higher yield, Based on the 

data gathered and results generated, the 

fortified bio-organic fertilizer was able to 

deliver positive effects on both plant growth 

and yield production. 

Moreover, the application of varying levels of 

the fortified bio-organic fertilizer to the soil in 

the net house improved the soil composition 

and fertility as implicated by the post-

treatment analyses. The nutrient uptake of the 

plants under FBOF treatments were also 

regarded as optimum based on the plants 

growth response and thereby, providing 

significant increase in yield and generally 

healthy plants with no serious damage. 

Likewise, the fortification through integration 

of EM, madre de cacao leaves and banana 

peels further improved the growth promotion 

quality of the FBOF’s various chemical 

parameters that are primary indicators of the 

quality of the fertilizer material. On another 

note, it should be taken into account that 

further studies are required to validate the 

effectivity of the FBOF material in enhancing 

the growth response and fruit yield the Taiwan 

chili pepper. At the same time, the relevance 

of FBOF to the increased soil fertility should 

also be further investigated through soil 

microbial analysis and other soil physico-

chemical parameters indicative of the soil 

enrichment properties. 
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Abstract  

A market chain analysis was conducted using descriptive statistics, chain map and economic 

parameters to analyze the structure, conduct and performance of market chain actors of bitter gourd 

industry in San Ildefonso, Bulacan. A total of 110 farmer producers, 8 traders, 14 retailers and 206 

consumers were surveyed and interviewed using three separate sets of questionnaires. Results 

showed that bitter gourd production was still dominated by men, but women ruled marketing. Market 

chain actors have been engaged in bitter gourd industry for an average of more than 15 years. Traders 

controlled the marketing of bitter gourd, although three marketing channels were identified from the 

point of production to the point of consumption before and during pandemic. Bitter gourd market in 

the study area is not concentrated, but competitive and transparent. Price was based on the grade of 

bitter gourd and was determined by the forces of demand and supply. Farmers have the lowest profit 

share while intermediaries gained the biggest chunk of the marketing profit. All marketing actors, 

except for traders have efficient marketing operation. Consumers were not price sensitive and are 

ready to pay higher price for quality bitter gourd because quality was the main consideration in their 

buying decision. Key constraints on farm productivity, market chain support and institutional 

development were identified, analyzed and offered possible solutions. Adoption of the crafted 

proposed action plan is recommended to address these problems. 
 

Key words: farmers, market, SCP model, traders 

 

Introduction 

 The contribution of agribusiness to the 

country’s economic development is very 

essential since it plays a crucial role in steering 

the country’s economy. Brown and Aranas 

)2011( emphasized that the agribusiness sector 

in the country has to operate with efficiency, 

effectiveness, and responsiveness as guiding 

principles and the volatile consumer demands 

as main drivers in the sector.  

In the Philippines, bitter gourd )momordica 

charantia(, or commonly known as ampalaya is 

a tropical and sub-tropical vine of the family 

Cucurbitaceae. It is widely grown for its edible 

fruits, shoots, nutritional value, and medicinal 

properties. Ampalaya is a good source of 

vitamins A, B, and C, iron, folic acid, 

phosphorus and calcium )Ampalaya 

Production Guide of the Department of 

Agriculture, Regional Field Office in Region 

2(. 

Out of 262,500 ha, about 38% of Bulacan’s 

total land area is devoted to agriculture. The 

province's economy remains largely 

agricultural, with vegetable production on the 

list of products. In the province, production of 

bitter gourd is concentrated in five 

municipalities wherein the town of San 

Ildefonso has been the top producer with its 

56,665.34 MT annual volume of production. 

The total land area planted with bitter gourd is 

1,689,630 ha producing an average yield of 

22.54MT/ha )PAO, 2020(. Thus, making it 

considered as the strategic location to conduct 

a market chain analysis of ampalaya industry 

before and during the pandemic. 
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With the increasing demand for healthy and 

pesticide-free products, Bulacan Agricultural 

State College )BASC( having bitter gourd as 

one of its priority commodities, continues to 

contribute in providing technologies to produce 

safe to eat food products. BASC, over the years 

has developed a package of technology )POT( 

on pesticide-free bitter gourd production. This 

POT is envisioned to be extended to more 

farmers and jump start the commercialization 

of the ampalaya using the developed 

technology. In order to do that, there is a need 

to conduct a market study to check the potential 

of pesticide-free bitter gourd processed 

products in the industry. 

One way of doing that is through the conduct of 

a market chain analysis )MCA(. MCA 

identifies and describes all points in the chain 

)producers, traders, transporters, processors, 

and consumers(, prices in and out at each point; 

functions performed at each point/ who does 

what?; market demand/ rising, constant, 

declining, approximate total demand in the 

channel, market constraints and opportunities 

for the products )Tadesse, 2011(. A traditional 

food industry value chain consists of the 

producer, processor, wholesaler, exporter, 

importer, retailer and consumer )Islam et al., 

2014(.  

It is important to assess the supply of key 

agricultural products produced to ensure that 

marketing of these products is both effective 

and efficient )Gordoncillo et al., 2018(. 

Markets are ways in which buyers and sellers 

can conduct transaction resulting in mutual net 

gains that otherwise would not be possible 

)Mendoza as cited in Mallick, et al., 2017(. 

Market information plays a vital role in 

improving the efficiency of marketing where 

both sellers and buyers get access to relevant 

and updated price data and other market 

information. 

To date, only one study was conducted on the 

value chain analysis )VCA( of bitter gourd 

which was spearheaded by the Department of 

Agriculture Regional Field Office 3 )DA-RFO 

3( in 2014. The findings of that study were used 

as basis for the implementation of the 

Philippine Rural Development Project )PRDP(, 

a flagship program of the DA. However, the 

data presented were gathered eight years ago, 

before COVID-19 pandemic. 

 It is in this note that a market chain 

analysis is deemed necessary to be conducted 

in this time of pandemic to be able to get a 

picture of the existing challenges, opportunities 

and entry points in bitter gourd industry in the 

study area. Through the market map illustration 

and market structure, conduct and performance 

analysis, proposed interventions on how to 

address the problems encountered by market 

chain actors can be formulated to help them 

cope up with the new normal. The information 

generated could also help BASC and other 

organizations to assess activities, re-design 

their mode of operation, and implementation of 

strategies and projects if needed. 

 

Materials & Methods 

Research design 

The study used a descriptive type of 

research in analyzing the market chain of bitter 

gourd industry in San Ildefonso, Bulacan. The 

analysis was anchored on the structure-

conduct-performance )SCP( model )Figure 1(. 

SCP model is based on a model of cause and 

effect and is used to trace the causes of industry 

performance )strategictoolkits.com(. Market 

structure was determined through the 

description of the socio-economic 

characteristics of market chain actors while 

market concentration was computed based on 

the number of firms in a market and their 

respective market shares. Market transparency 

was also determined through the description of 

information sharing mechanism among them. 

Barriers to entry were likewise identified in an 

effort to analyze the market structure of bitter 

gourd industry in the study area. 

On the other hand, market conduct was 

described through the identification of the 

patterns of behavior that traders and other 

market participants adopted to affect or adjust 

to the markets in which they sell or buy. 

Determination of the price setting behavior, 

product grading and consumer behavior were 

included in the analysis.   

 Meanwhile, analysis of market 

performance was measured in terms of the 

market chain actors' marketing margin and 
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market efficiency )Abayneh, 2018(. Marketing 

margin is the difference between purchase and 

sale prices of that commodity through its 

marketing channel )Gebremedhn et al., 2019(. 

Marketing efficiency on the other hand, is the 

ratio between net marketing returns and 

marketing costs expressed as a percentage 

)Abayneh, 2018(. 

 

Data collection techniques and sampling 

procedure 

 Data were gathered with the use of three 

sets of modified survey questionnaires for each 

of the three groups of the target respondents of 

the study. The questionnaires were subjected to 

pre-test to industry experts and market chain 

actors to validate the nature of the questions 

asked. Comments and suggestions gathered 

were incorporated for the improvement of the 

questionnaires. Follow-up interview was also 

conducted among the bitter gourd producers in 

order to solicit additional information and 

verify of the data gathered. 

The main actors in the market chain including 

producers, traders and consumers of bitter 

gourd products served as the respondents of this 

study. Secondary data related to bitter gourd 

production and marketing were requested from 

the Provincial Agriculture's Office while the 

list of bitter gourd producers in San Ildefonso 

was requested from the Municipal Agriculture's 

Office )MAO( of Local Government Unit 

)LGU( of San Ildefonso.  

Using Cochran, the computed sample size of 

bitter gourd producers was 114 farmers. Out of 

114, 110 questionnaires representing 96% 

retrieval rate were used in the study. 

However, since there was no available list of 

bitter gourd traders in the MAO-LGU, trader-

respondents were determined via referral 

method based on the names given by the 

producers to whom they sell their produce. 

Consumer respondents, on the other hand, were 

randomly selected through a combination of 

market intercept method and online survey. Out 

of the 385 computed sample size using 

Cochran, 206 consumers have valid responses 

after cleaning the questionnaires which was 

equivalent to 53.51% retrieval rate.  

 

 

Statistical analysis 

 The descriptive methods such as chain 

map and economic parameters were used in this 

study. Demographic characteristics of market 

actors and market structure-conduct-

performance were analyzed using descriptive 

statistics. Maps were used to examine and 

describe the flow of bitter gourd products from 

end to end. Market structure was measured 

using Herfindahl-Hirschman Index )HHI(. The 

market shares were calculated based on 

quantities of bitter gourd handled by each seller 

while marketing performance was measured 

based on marketing margin and marketing 

efficiency. Meanwhile, statistical tools used in 

analyzing consumer behavior are frequency 

count, percentage, rank and weighted mean. 

 

Results 

Marketing channel of bitter gourd products 

  There are three main marketing 

channels identified from the point of 

production to the point of consumption of bitter 

gourd industry in San Ildefonso, Bulacan 

)Figure 2(. From farmer-producers, bitter gourd 

flows to any of the three channels:  

Channel 1: Farmer      Trader     Wholesaler 

)Kadora(      Retailer )Public Market(      Consumer 

Channel 2: Farmer     Retailer )Rolling Store/ 

Public Market(      Consumer  

Channel 3: Farmer      Consumer 

Table 1 shows that almost all of the bitter gourd 

produced by the sampled farmers amounting to 

a total of 956,375 kgs annual production were 

sold to traders )99.95%( while only 355 kgs 

were sold to retailers and 120 kgs were sold 

directly to consumers. The total amount of 

bitter gourd purchased by retailers and 

consumers from farmers did not even reach 1% 

of the annual total production.  

Under channel 1, all bitter gourds 

produced by 95.45% )Table 2( of the sampled 

farmers were sold to traders. These traders then 

transported the products to Bagsakan Centers in 

Balintawak )61%(, Clover Leaf )32%(, 

Divisoria )2%( Balagtas )3%(, Juliana )2%( and 

Sta. Maria )1%( for sale to wholesalers 

)Kadora( who occupied stalls there catering to 

public market vendors and/or rolling store 

vendors who buy bitter gourd from them and 
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sell to the final consumers in their respective 

community.  

There were also retailers )either public 

market vendors or rolling store vendors( who 

purchased bitter gourd direct from the farmers 

and then resell these to the consumers, which 

comprised the marketing channel 2.  

The last channel )marketing channel 3( 

flows from farmer direct to consumers wherein 

around 120 kgs were sold to consumers in their 

community while the rest of their harvest were 

sold to trader. 

 

Market structure of bitter gourd industry 

The structure of bitter gourd industry in 

San Ildefonso, Bulacan was described based on 

the level of market concentration, availability 

of market information and barriers to entry.  

The average age of sampled bitter gourd 

producers is 48.41 years old )SD=10.03( 

wherein 22 is the youngest and 69 is the oldest 

)Table 3(. The result also showed that the 

respondents have been engaged in bitter gourd 

production on an average of 15.86 years. The 

longest involvement in bitter gourd farming is 

52 years while there are also farmers who are 

new in the production with only one-year 

experience. Their average farm size is 1.79 ha 

)SD=1.15(, over half hectare )0.61 ha with 

SD=0.41( of which is the average farm size 

allotted for bitter gourd production. Majority of 

them are male )79.1%( and married )92.7%(. 

Over a third of them are elementary graduate 

)39.1%( while only 7.3% were able to finish 

college. More than half )54.1%( are owners of 

the land while 39.8% are leaseholders.  

On the other hand, the mean age of sampled 

traders is 45.6 years old )SD=6.77( with 39 as 

the youngest and 57 as the oldest. Traders in 

this study refer to those who consolidate 

commodities from different producers, 

transport these to Bagsakan Centers and then 

sell these to wholesalers )Kadora( there. They 

have been trading bitter gourd on an average of 

19.5 years with 40 years as the longest trading 

experience and 15 years as the lowest.  

Table 4 shows that majority of the traders 

)87.5%( are married, but unlike producers, 

majority of them are female )75%(. They also 

have a higher educational level compared to 

producers as 37.5% of them have finished high 

school while 25% are college graduate.  

Sampled retailers were older than 

farmers and traders as their mean age is 54.44 

years old )SD=11.04( with 43 as the youngest 

and 58 as the oldest.  

The mean age of sampled consumers is 

38.19 years old )SD=14.01( with 19 as the 

youngest and 80 is the oldest )Table 6(. Their 

average monthly income is P14, 420.38 

)SD=P9, 814.73( which was still more than 

their average monthly expenses of P11, 739.83 

)SD=P6, 621.70(.  

Majority of the consumers are female 

)76.2%( while more than half are married 

)54.9%(. Majority of them have also reached 

college and above level of education )63.9%( 

which seems to imply that, the sampled 

consumers who buy bitter gourd are educated 

)Table 6(.  

 

Market concentration 

The computed Herfindahl-Hirschman 

Index )HHI( of bitter gourd market in San 

Ildefonso is 0.15873 as seen in Table 7. 

The same level of market concentration was 

observed in San Ildefonso during pandemic, as 

the computed HHI is 0.121187. Although there 

was a noted decreased in the monthly volume 

of purchased bitter gourd during pandemic with 

only 26,127 kgs which was 12,917 kgs lower 

than the volume purchased before pandemic 

)39,044 kgs(, the market concentration became 

even more dispersed during pandemic. 

 

Market transparency 

 As to the market transparency, 95 or 

86% of the sampled farmers acquired 

information from their co-farmers. It can also 

be observed that over half of them )57 or 52%( 

got information from private technician selling 

inorganic pesticides and fertilizers, which was 

more than those who sought information from 

LGU technician with only 28 farmers or 25%.  

Meanwhile, around one-third )37 or 34%( of 

the farmers also obtained information from 

traders, cooperative )19 or 17%( and internet )2 

or 1.82%(. 
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The top three types of information that 

they usually seek from these sources include 

price )1st(, effective seeds/seedlings )2nd(, and 

effective pesticides and fertilizers )3rd(. Other 

type of information they asked were about 

bitter gourd farming techniques )4th(, marketing 

strategies )5th( and packaging )6th(.  

Majority )5 out of 8( of the sampled 

traders sourced out information from their co-

traders. Traders also obtained information from 

farmers )rank 2( regarding the variety, schedule 

of harvest and volume of their bitter gourd 

production. Other traders also got information 

from technician of private companies on what 

chemical pesticide and fertilizers are effective 

to use by the farmers they are financing. One 

trader also stated that she got information from 

retailers being supplied by them as to what 

variety of bitter gourd is in demand to the 

consumers. While traders usually sought 

information from those who were engaged in 

similar line of work, it is also true that traders 

are trying to maintain the completeness of the 

types of vegetables sold by not depending on 

only one supplier. Traders will surely buy from 

various suppliers )Siahaan & Ayustia, 2019(. 

As expected, the most common type of 

information being sourced by the trader is the 

price of bitter gourd so that they will be aware 

on the movement of prices in the market, thus 

enabling them to adjust accordingly. Other 

types of information being shared by market 

chain actors to traders include distribution, 

packaging and promotion strategies being done 

by their co-traders.  

 In the case of retailers, the top sources 

of their information are the farmers )1st(, traders 

)2nd(, co-retailers )3rd( and consumers )4th(. The 

type of information that they usually sought 

from them are price, quality and source of 

supply wherein price was listed as the most 

common information they were interested to 

know.  

 

Barriers to entry conditions 

 Among the market chain actors, the 

common problems encountered by them which 

also served as barrier to new entrants as seen in 

Table 8 is the fluctuating price of bitter gourd 

which was always faced by farmers )x=4.44, 

SD=0.74( and often times experienced by both 

traders )x=4.13, SD=0.99( and retailers 

)x=3.92, SD=1.04(.  

 Aside from fluctuating price, 

unfavorable weather condition )x=4.02, 

SD=1.26( and big capital requirements 

)x=2.94, SD=1.51( were often times and 

sometimes being experienced by farmers, 

respectively.  

 In the case of traders, unstable demand 

of consumers )x=3.25, SD=1.58( and poor 

quality of bitter gourd )x=2.37, SD=1.51( 

sometimes and seldom hindered their 

transactions, respectively. While for retailers, 

unstable consumer demand )x=3.77, SD=1.24( 

and big capital requirements )x=3.15, 

SD=1.57( were the problems they often times 

and sometimes encountered.  

 

Market conduct of bitter gourd industry  

 Different price setting behaviors were 

observed from the market actors as the bitter 

gourd flows in the market channel )Table 9(. 

From farmer to trader, the one who dictates the 

price is the trader as farmers were heavily 

reliant on the traders in marketing their 

produce. From trader to wholesaler and from 

wholesaler to retailers, the forces of supply and 

demand determined the price of bitter gourd per 

unit. While from retailer to consumers, 

retailers’ price usually prevails as bitter gourd 

consumers are not price conscious and price 

sensitive and in fact are ready to buy bitter 

gourd even if the price is high in exchange for 

quality and health benefits. 

 

Consumer behavior in buying bitter gourd 

and bitter gourd-based products 

Consumer behavior towards bitter 

gourd products was also discussed in this study 

in order to determine their demand preferences. 

When asked if they will still buy bitter gourd 

fruit and bitter gourd leaves )supang( if the 

price increases, majority of them that they will 

still buy bitter gourd fruit )69.42%( and bitter 

gourd leaves )supang( representing 63.59%. of 

the respondents. Majority of the consumers 

)83.50%( were also ready to buy organically 

produced bitter gourd even if the price is higher 

compared to inorganic ones.  
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Among the market places where bitter gourd is 

being sold, majority of them usually bought 

bitter gourd from retailers including public 

market )66.69%(, rolling stores )39.81%( and 

talipapa )34.95%(. A total of 87 consumers or 

42.23% of them purchased bitter gourd direct 

from the farmers while 26.60% bought from 

their friends. Notably, only 3.88% purchased 

bitter gourd from supermarket )RCS, 

Savemore, Divimart(.  

 As to the buying consideration, 

consumers looked at quality )75.24%(, price 

)71.36%(, safe to eat )64.56(, health benefits 

)64.08%( and accessibility )48.06( before 

making decisions to buy bitter gourd.  

 

Market performance of bitter gourd industry 

in San Ildefonso 

Table 10 shows that before pandemic, 

the total gross marketing margin )TGMM( 

added to bitter gourd farm gate price when it 

flows through the marketing channel was 

56.2%. This TGMM was spread among the 

market chain actors wherein trader got 18.8%, 

wholesaler with 16. 3 % and retailers earning 

21.3%. 

Among the market chain actors, 

retailers gained the highest profit shares of 

34.42%, followed by traders with 28.88% 

before pandemic. Wholesalers have 23.18%, 

thus leaving the farmers with the lowest profit 

share of only 13.52%.  

During pandemic, there was a slight 

change noted in the market performance of 

bitter gourd. An increase in the price and cost 

of bitter gourd in the hands of all the market 

chain actors was observed. The TGMM added 

to bitter gourd farm gate price when it flows 

through the marketing channel was 61.11%, 

which is 4.91% higher than before the 

pandemic occurs. Traders earned the highest 

share of TGMM among all the market chain 

actors with its 27.78%, which was 8.9% higher 

than its 18.8% before the pandemic.  

Wholesalers has a slight increase from 16.3 % 

to 16.67% while the retailers share in TGMM 

dropped from 21.3% to only 16.67%. However, 

retailers still earned the biggest chunk of the 

profit share of 36.90%, which is 2.48% higher 

than its profit share before pandemic. Traders 

also gained the second to the highest profit 

shares of 27.07%, although it was 1.81% lower 

that its profit share before pandemic. 

Wholesalers have the highest increase of profit 

share from pre-pandemic of 3.78%, thus 

making its profit share to 26.96%.  

Unfortunately, farmers who have the lowest 

profit share before pandemic even decreased its 

profit share to only 9.07% during pandemic. 

As to the market efficiency, all the chain actors, 

except traders have a computed market 

efficiency of more than 100%. Traders, on the 

other hand, with a computed marketing of 

34.99% before pandemic and 33.87% during 

pandemic were considered inefficient because 

their market efficiency is below 100%.  

 

Discussion 

Marketing channel of bitter gourd products 

 Traders were still in control of 

marketing bitter gourd produced by farmers. 

This is because they financed farmers’ bitter 

gourd production in exchange to an agreement 

that they will have the sole right to sell the bitter 

gourds at the Bagsakan Centers in Manila. 

Some farmers were also hesitant of selling their 

produce to retailers as the latter can only afford 

to purchase a limited volume of fresh bitter 

gourd fruits per week. Hence, due to the 

perishability of bitter gourd, they prefer selling 

their produce to traders even if traders’ price is 

much lower just to ensure that their harvest will 

all be sold in the market. 

However, few farmers have also set 

aside small portion of their total harvest for sale 

to retailers. Thus, aside from going to traders, 

the harvested bitter gourds also flows from 

farmers to retailers in nearby public markets or 

rolling stores in San Ildefonso, San Miguel and 

Baliuag, Bulacan. Ironically, majority of the 

retailers in the public market of San Ildefonso 

)SI( actually sourced out their bitter gourd 

products from Bagsakan Center in Cabanatuan 

)Sangitan( which offered a much lower price 

compared to what was being offered to them by 

farmers in San Ildefonso. Only few retailers in 

SI public market were able to purchase a small 

portion of the SI farmers’ harvest as their 

harvest were mostly being brought to Bagsakan 

Centers in Manila where it commands higher 
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price. According to Cosrojas )2021(, farmers 

derived higher profit when they brought their 

products at the Bagsakan Center compared to 

marketing it to major cities. 

 

Market structure of bitter gourd industry 

A clear distinction on the demographic 

profile of market chain actors was observed in 

this study, which determined the roles they 

performed along the market chain. Bitter gourd 

farming was still dominated by experienced but 

less educated male while experienced and more 

educated women. Managed the trading. This is 

consistent with the findings of the study 

conducted by Palis )2020(, which revealed that 

male farmers outnumbered women farmers and 

mostly had elementary education. Hajong et al. 

)2020( stated that the socio-economic profile of 

farmers served as basis in determining the 

present farm activities, possible development 

opportunities and potentials for more efficient 

farming.  

The sampled traders have long been 

trading bitter gourd, which seemed to indicate 

that they were already experienced traders and 

no longer new in this industry. In fact, 

according to them, their experience in trading 

bitter gourd through the years has honed their 

trading skills with different buyers at the 

Bagsakan Centers in Manila. Bagsakan 

Centers where the harvested bitter gourds were 

traded can be compared to the large rural 

markets in the study of Aslam et al. )2019( 

which was considered as the markets were 

traders on behalf of the producers, commission 

agents or retailers traded quantities of 

agricultural produce. Chiong-Javier )2009( also 

claimed that women’s marketing ties and 

experiences as vegetable traders have boosted 

their economic power at home and enhanced 

their social capital at work. 

Among the market chain actors, 

retailers were the oldest while consumers were 

the youngest in terms of mean age. Majority of 

the consumers are also married, educated 

women and earning an average monthly family 

income that was more than enough to cover 

their average monthly expenses. This indicates 

that the sampled consumers still have extra 

money to buy bitter gourd even though the 

price is sometimes high. According to Ding et 

al. )2012(, higher income households had more 

food that is healthful in the home. Likewise, 

female and more educated participants report 

higher levels of health consciousness )Nevarez 

et al., 2020(. In many Asian countries, bitter 

gourd )Momordica charantia L.( has been used 

as food and medicine from ancient times. Bitter 

gourd has huge positive health benefits due to 

present ample of phytochemicals and proteins. 

Bitter gourd leaf, stem and seed also contain 

various health-promoting antioxidants such as 

gallic acid, caffeic acid and catechin )Sorifa et 

al., 2018(. 

 

Market concentration 

Based on the computed Herfindahl-

Hirschman Index )HHI(, the concentration of 

bitter gourd market in San Ildefonso seemed to 

be under competitive market situation wherein 

market shares were proportionately spread 

among the sampled intermediaries composed of 

traders and retailers. It was also noted that even 

though there was a big discrepancy on the 

volume purchased by respondents 15 to 22 

)traders( as seen in Table 7 compared to those 

purchased by respondents 1 to 14, the 

computed HHI still indicated a not 

concentrated bitter gourd market. This was 

because no single trader controlled the market 

shares, but instead, the bulk of market shares 

were distributed among traders who usually 

served a specific geographic territory where 

farmers in that area sell their harvest to their 

respective traders. The territorial division is 

usually per barangay, but there were also 

traders who covered four to five barangays.  

Small time traders focused only on selling their 

own produce by accompanying a trader on the 

transport of the consolidated bitter gourds 

going to Bagsakan Centers in Manila and then 

sell by themselves their commodities to 

wholesalers )Kadora( there. By doing so, they 

can have a control of their prices unlike in the 

case of those who totally sold their produce to 

traders wherein they just depend on how much 

the trader will pay them per unit. Stringer et al. 

)2009( emphasized the vegetable supply chains 

included millions of very small scale vegetable 

producers growing mostly different vegetable 
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varieties on their individual parcels. Therefore, 

growers began selling their vegetables directly 

to traders, processors, wholesale markets, 

cooperatives, retail shops, and supermarkets. 

The same level of market concentration was 

observed in San Ildefonso before and during 

pandemic, but the market concentration 

became even more dispersed during pandemic 

which seems to imply that no one was 

dominating the bitter gourd market and the 

market is not concentrated to only few traders. 

The result further suggests that bitter gourd 

market in San Ildefonso is a competitive one 

among market chain actors. Gu & Xie )2012( 

highlighted that in a competitive market, a 

firm’s fit-revelation allows its competitor to 

“free-ride” and benefit from the induced 

differentiation in consumer preferences, and 

therefore discourages its competitor from 

revealing fit to avoid intensifying competition. 

 

Market transparency 

Bitter gourd farmers are open in sharing 

information with their co-farmers in order to 

help each other in improving their productivity 

and addressing production problems. However, 

farmers revealed that they preferred consulting 

to private technician over an LGU technician 

also called Agricultural Extension Worker 

)AEW( in case they encountered problems in 

their bitter gourd production as the former 

could already give them solution immediately 

through the products. They further explained 

that the latter usually just coordinate them if 

there are programs or projects to be 

implemented coming from the different 

national and regional government agencies. 

They barely offer recommendations on them as 

to how they will be able to control pest and 

diseases of their crops and/or address other 

production problems.  

Nierras )2016( stressed that equipping 

the small farmers with the basic skills in crop 

and animal production would make them more 

technically independent. This is along taking 

cognizance of relevant issues and concerns 

affecting them. In consideration, a continuous 

and sustaining extension service program 

should be carried out on a practical basis which 

means that it should address the actual needs 

and issues/concerns of the target beneficiaries. 

As expected, it was noticed that the type of 

information sought by farmers were related on 

bitter gourd production, as the information with 

regard to the marketing of their produce was the 

concerned of the traders. Chime )2019( 

specified that while farmers obtained different 

types of information from the various 

information sources, information on pest and 

disease control was the most sought 

agricultural information and this was primarily 

obtained from agro dealers from whom farmers 

bought agro chemicals and other farm inputs. 

This affirmed the statement of bitter gourd 

farmers in San Ildefonso, Bulacan that most 

information on bitter gourd production were 

provided by private technicians. 

Findings of this study described that 

bitter gourd industry in San Ildefonso, Bulacan 

is transparent as sharing of information is 

strong and evident among market chain actors 

of the same category. The main source of 

information of farmers are their co-farmers 

while traders are also their co-traders because 

they are engaged in the same business. 

However, in the case of information sharing 

among those from different market chain 

category, it was revealed that only very limited 

information are being shared among them. For 

instance, farmers’ knowledge on the prevailing 

market prices at the Bagsakan Centers was 

based only on what the trader told them, usually 

with no means of counter-checking or verifying 

the truthfulness of the facture given to them. 

Ziegler et al. )2019( discussed in their study 

that information asymmetry theory describes 

the difference in information assets between 

traders and producers. Traders–having better 

knowledge of market prices–take advantage of 

producers’ ignorance to buy below market 

price, thereby taking a large cut of producers’ 

profits. In this regard, market information 

services can increase producers’ bargaining 

power by providing them with price 

information and the resulting opportunity to 

recover some of the traders’ margin. 

Unlike farmers and traders, information 

sharing among retailers is more restricted as 

they sourced information from the farmers and 

traders than their co-retailers. To the same 
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degree, Morgan et al. )2016( pointed out that 

fresh fruits and vegetables were 

overwhelmingly preferred to frozen or tinned 

options, but participants of the study said that 

consumption was mediated by availability and 

affordability. When shopping, participants of 

the study would often visit multiple retailers in 

order to get the desired “value for money”, with 

value assessed in relation to quality and 

quantity. With this, it can be concluded that one 

of the reasons why vegetable retailers in the 

municipality of San Ildefonso sought the same 

information as to price, considering that 

consumers prefer quality bitter gourd at 

reasonable price. 

 

Barriers to entry conditions 

The price of bitter gourds per unit 

fluctuates due to the forces of market supply 

and demand. Traders explained that when they 

are set to deliver their commodities in 

Bagsakan Centers, they do not yet have idea on 

how much will they offer their products for 

sale. They only determine their price offerings 

once they entered the Bagsakan Center, 

depending on the level of supply and demand 

there. If there is low supply, they can dictate the 

price, but if there is abundant supply, they end 

up bargaining the price just to make sure that 

all their commodities will be sold out to avoid 

further losses. Whatever will be the price at 

which the traders was able to sell their 

commodities plus traders’ margin, will be 

passed on to the farmers when they return home 

by giving them an invoice (factura) showing 

the price list which served as basis in 

computing how much farmers will be paid for 

their bitter gourd. 

In the case of retailers, price depends on 

how much they bought the commodities from 

their supplier as they usually adopt cost-based 

pricing strategy.  

Farmers shared that during strong 

typhoon such as Ulysses in 2020, they incurred 

a great loss after their crops were heavily 

devastated due to big capital investments they 

already poured on to their bitter gourd 

production. Such big capital requirements 

forced the ordinary farmers who want to start 

bitter gourd production to enter into trader-

financing scheme. Under this scheme, the 

trader will provide them all the required farm 

inputs with the understanding that all their 

harvest will be sold to that trader. From the 

proceeds of the sale, they will collect payments 

of the farm inputs they used in their production.  

Farmers also stressed that they do not have 

problems on looking for source of capital, as 

there are a number of traders who offered to 

finance their production. In addition, there were 

also other private individual money lenders 

offering the same for a certain interest rate. 

According to them, their real problem is 

actually the lack of capital and not the source of 

capital. Chupungco et al. )2014( identified the 

problems encountered by traders consisted of 

limited capital, delayed payment of buyers, 

)both of which are not problems of vegetable 

traders in San Ildefonso(, high prices and price 

fluctuations, and spoilage of agricultural 

commodities, especially during the rainy 

season. These problems are experienced with or 

without extreme events. In addition to these, 

flooding occurrences is worsening, especially 

in low-lying areas, affecting the marketing 

activities of traders. 

 

Market conduct of bitter gourd industry  

Valida et al. )2014( said the quality of 

bitter gourd at harvest was mainly determined 

by shape, size, uniformity of green surface 

color, and the absence of defects that included 

yellowing )over maturity( and preharvest 

damage due to insect pests, diseases, and 

mechanical injury. From farmer to trader, 

the one who dictates the price is the trader as 

farmers were heavily reliant on the traders in 

marketing their produce. Whatever price was 

given to them in the price invoice )factura( after 

their commodities were brought to Bagsakan 

Centers will be the price of their products as 

they cannot help themselves but accept no 

matter how high or how low it is. Farmers 

further explained that they do not do counter 

checking of prices in Bagsakan Center to verify 

whether the price given by traders to them is 

actually the current market price or not of bitter 

gourd as they gave their full trust to their trader. 

They also shared that they opted not to know 

the actual market price as their way of avoiding 
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conflicts that might arise between them and the 

trader, knowing that they cannot opt out from 

the traders as they served as their financier. 

From trader to wholesaler and from wholesaler 

to retailers, the forces of supply and demand 

determined the price of bitter gourd per unit. 

While in the case between retailer and 

consumers, the retailers usually set the price as 

they explained that they only based their prices 

on the price at which they purchased the 

products from their supplier. They just passed 

on the price plus the amount of their margin to 

the final consumers. 

 In terms of grading their harvest, 

farmers usually hired person who performed 

grading and packaging of their bitter gourd. 

There are three grades of bitter gourd based on 

quality including primera, segunda and 

tercera. Primera is the first class bitter gourd, 

which are described as long, straight, has the 

best color and spotless making it commands a 

high price of ranging from P70 to P150/kg 

depending on the level of supply and demand. 

Segunda, on the other hand are considered 

second-class bitter gourd, which have an 

average length, has a slight curve and good 

color with price ranging from P35 to P65/kg 

while tercera are usually bitter gourd that are 

complexly curved and have spots on the skin. 

Farmers tend to slice this class of bitter gourd, 

which were included in the pack of other sliced 

vegetables used for cooking pinakbet. Tercera 

class has the lowest price of around P30/kg and 

below.  

 

Consumer behavior in buying bitter gourd 

and bitter gourd-based products 

Findings of the study revealed that 

bitter gourd consumers are not price sensitive. 

During the conducted interview-survey with 

consumers of bitter gourd in the municipality 

San Ildefonso, they said they were more into 

the health benefits of bitter gourd whether it is 

priced low or high in the market, hence 

consumers’ willingness to purchase it was high.  

Almost all of the consumers also still prefer 

buying bitter gourd from traditional wet market 

instead from established supermarkets. Si et al. 

)2016( emphasized the critical role of wet 

markets in supplying vegetables and fruits as 

well as all kinds of meat to urban residents. 

Rather than being displaced by supermarkets, 

wet markets maintain strong niche in the face 

of supermarket competition. 

Noticeably, majority of consumers 

considered quality more than the price of bitter 

gourd which seems to explain why the bitter 

gourd consumers are not price sensitive. 

The same is true in the study of Grover 

& Kaur )2017( which found that the market 

potential of bitter gourd crop was quite high as 

the consumers were ready to spend additional 

money per kg for the enhanced quality and 

health benefits of bitter gourd. 

 

Market performance of bitter gourd industry 

in San Ildefonso 

The findings proved the claims of the 

farmers that the one who earned more in the 

market chain of bitter gourd in San Ildefonso 

were not the farmers who invested sweat and 

tears in the farm, but actually those in between 

them and consumers. Traders benefited much 

from the increase in price of bitter gourd during 

pandemic, which can be attributed to the fact 

that during those times, movements of people 

were very restricted and everyone is trying to 

look for possible sources of agricultural 

products. Such situation was taken advantage 

of by the traders. 

Similarly, the study of Piabuo et al. )2020( 

showed that middlemen have a pivotal role to 

play as far as market access, prices and profits 

of farmers are concerned. The results further 

indicated that there is a significant price gap 

between prices at which middlemen sell and 

farm gate prices while there is equally a 

significant profit gap between middlemen and 

farmers. 

Unfortunately, farmers suffered even 

more during pandemic despite the increase in 

price of bitter gourd products because the 

intermediaries were the ones who enjoyed the 

additional TGMM. Marketing margin is 

defined as the difference between the producer 

price and the consumer price and it can be 

affected by various factors )Abassian et al., 

2012(. Such gap in marketing margin always 

creates doubt among value chain actors, which 

ultimately hinders the proper marketing of the 
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off-season vegetables value chain )Poudel, 

2012(. 

Marketing margins have been used as a 

measure of how much farmers and indeed 

consumers are gaining or losing due to trader 

marketing activities. Thus, marketing margins 

give an indication of the market efficiency, 

performance and structure )Zulu, 2015(. 

However, the perception of 

monopoly/oligopoly power is attributed to 

underdeveloped and uncompetitive markets. 

Traders are believed to extract monopoly rents 

from their position between scattered and ill-

informed producers, on one hand, and captive 

consumers, on the other hand. 

As to the market efficiency, all the 

chain actors, except traders were operating 

efficiently in the bitter gourd market. This 

means that they have earned a margin that are 

more than the cost incurred in value-addition 

and cost of marketing bitter gourd. Ironically, 

traders were considered inefficient because 

their market efficiency is below 100% before 

and during pandemic times. This seems to 

imply that the margin received was less than the 

value spent by traders on marketing cost. 

According to traders, marketing costs incurred 

by them include expenses on transportation, 

insurance, entry ticket in Bagsakan Centers, 

wage of laborer and delivery vehicle 

maintenance. Longkumer )2021( defined cost 

as the total expenses incurred in purchasing the 

marketable commodities from farmers by the 

traders including its transportation cost and 

sometimes even the commission that is given to 

various agent that are involved in bringing the 

produce to the market. Though the farmers at a 

deflated rate fix the prices of agricultural 

commodities, it is always the intermediaries 

and other traders who were benefited the most 

by fixing prices of the produce at will. 

Particularly, involvement of the government to 

regulate the prices remains anonymous. 

 

Proposed Intervention/Action Plan 

   Based on the findings of the study, a 

proposed action plan containing suggested 

interventions was formulated afterwards. The 

long-term, high-level goal for bitter gourd 

industry in San Ildefonso, Bulacan is to boost 

this industry through addressing the problems 

being encountered by the different market 

chain actors, which is linked to three strategic 

areas of focus. A guiding objective applies to 

each of the focal areas. Strategic actions for 

each of the three focal areas were outlined 

below. Each strategic action for the proposed 

action plan identifies the key constraints, key 

strategies, lead stakeholder responsible for 

implementation, performance indicator, target, 

means of verification and time frame )see Table 

11 to 13 below(. 

Conclusion  

 In the light of the salient findings of this 

study, the following conclusions and 

recommendations were drawn: 

Bitter gourd production was male-dominated 

by men but women ruled marketing. Market 

chain actors are no longer new in bitter gourd 

industry in San Ildefonso, Bulacan as they have 

been engaged in this business for an average of 

more than 15 years. 

Three marketing channels of bitter gourd were 

identified from point of production to point of 

consumption before and during pandemic. 

Traders controlled the marketing of bitter gourd 

produced by farmers because they served as 

financier of production. 

Bitter gourd market in San Ildefonso, 

Bulacan is competitive as the market shares 

were spread proportionately among market 

chain actors and the forces of demand and 

supply determine the price. Market is also 

transparent as the market chain actors shared 

information with each other. All marketing 

actors, except for traders have efficient 

marketing operation of bitter gourd. Farmers 

have the lowest profit share among marketing 

actors. Bitter gourd consumers are not price 

sensitive and quality of products is their main 

consideration in buying decision. 

Concerned agencies may consider the 

adoption and implementation of the crafted 

action plan in order to help address the 

concerns of the market chain actors, which will 

create a big difference in boosting the bitter 

gourd industry in the study area. 
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Table 1 Amount of bitter gourd sold to different types of buyers 

Market Destination Annual Production Volume )in kgs( Percentage 

Trader 956,375 99.95 

Retailer  355 0.04 

Consumers 120 0.01 

Total 956,850 100 

 

Table 2 Market destination of ampalaya from farmers  

Market Destination Frequency Percentage 

Trader 105 95.45 

Retailer 4 3.64 

Consumer 1 0.91 

Total 110 100 

 

Table 3 Socioeconomic characteristics of sampled farmers.  

Variables n Minimum Maximum Mean SD  

Age  110 22 69 48.41 10.03 

Experience  110 1 52 15.86 11.00 

Farm Size 110 .05 7.00 1.79 1.15 

Farm size )Bitter gourd production( 110 .01 2.50 0.6062 0.41 

Number of sampled farmers )n(, Standard Deviation )SD( 

 

Table 4 Socioeconomic and demographic characteristics of sampled traders.  

Variables n Minimum Maximum Mean SD  

Age 110 39 57 45.6 6.77 

Experience 110 15 40 19.5 9.39 

Number of traders )n(, Standard Deviation )SD( 

 

Table 5 Socio-economic and demographic characteristics of sampled retailers  

Variables n Minimum Maximum Mean SD  

Age 14 43 58 54.44 11.04 

Experience 14 1 40 15.58 12.01 

Number of sampled retailers )n(, Standard Deviation )SD( 

 

Table 6 Socio-economic and demographic characteristics of sampled consumers 

Variables n Minimum Maximum Mean SD  

Age of Consumers 206 19 80 38.19 14.77144 

Monthly Income 206 1000 50000 14,420.38 9,814.72906 

Monthly Expense 206 500 35,500 11,739.83 6,621.70049 

Number of sampled consumers )n(, Standard Deviation )SD( 
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Table 7 Bitter gourd intermediaries Herfindahl-Hirschman Index in San Ildefonso  

Before Pandemic During Pandemic 

Intermediarie

s 

Volume of 

bitter gourd 

purchased 

)kg( Msi Msi square HHI 

Volume of 

bitter gourd 

purchased 

)kg( Msi Msi square HHI 

1 304 0.00779 6.069E-05 0.15873 173 0.006634 4.4E-05 0.121187 

2 217 0.005549 3.079E-05 
 

217 0.008293 6.88E-05 
 

3 130 0.00333 1.109E-05 
 

87 0.003317 1.1E-05 
 

4 152 0.003895 1.517E-05 
 

304 0.011642 0.000136 
 

5 213 0.005453 2.974E-05 
 

87 0.003317 1.1E-05 
 

6 152 0.003895 1.517E-05 
 

152 0.005821 3.39E-05 
 

7 130 0.00333 1.109E-05 
 

217 0.008293 6.88E-05 
 

8 304 0.00779 6.069E-05 
 

152 0.005821 3.39E-05 
 

9 304 0.00779 6.069E-05 
 

87 0.003317 1.1E-05 
 

10 91 0.002337 5.462E-06 
 

26 0.000995 9.9E-07 
 

11 87 0.00222 4.927E-06 
 

152 0.005821 3.39E-05 
 

12 130 0.00333 1.109E-05 
 

152 0.005821 3.39E-05 
 

13 260 0.006659 4.434E-05 
 

104 0.003981 1.58E-05 
 

14 130 0.00333 1.109E-05 
 

78 0.002985 8.91E-06 
 

15 6000 0.153673 0.0236153 
 

2000 0.076549 0.00586 
 

16 2000 0.051224 0.0026239 
 

2500 0.095686 0.009156 
 

17 12,000 0.307346 0.0944613 
 

4000 0.153098 0.023439 
 

18 2800 0.071714 0.0051429 
 

1200 0.045929 0.00211 
 

19 4000 0.102449 0.0104957 
 

4000 0.153098 0.023439 
 

20 4500 0.115255 0.0132836 
 

4500 0.172236 0.029665 
 

21 2800 0.071714 0.0051429 
 

3600 0.137788 0.018986 
 

22 2340 0.059932 0.0035919 
 

2340 0.089563 0.008021 
 

 
39,044 

   
26,127 

   

Herfindahl-Hirschman Index )HHI(, Kilogram )kg(,  )Msi( 

 

Table 8 Market entry barriers on bitter gourd industry 

Actors Problems Mean SD VD 

Farmers Unfavorable weather condition 4.02 1.26 Often 

Fluctuating Price  4.44 0.74 Always 

Big Capital Requirements 2.94 1.51 Sometimes 

Trader Unstable Demand 3.25 1.58 Sometimes 

 Fluctuating Price 4.13 0.99 Often 

 Poor Quality 2.37 1.51 Seldom 

Retailer Unstable Demand 3.77 1.24 Often 

 Fluctuating Price 3.92 1.04 Often 

 Big Capital Requirements 3.15 1.57 Sometimes 

Standard Deviation )SD(, Verbal Description )VD( 
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Table 9 Price setting behavior in bitter gourd market  

  

Table 10 Bitter gourd marketing margin, marketing costs and profit  

BEFORE PANDEMIC 

Marketing 

Actors 

Selling 

Price 

)per kg( 

Cost per 

kg  

Total 

Mktg/Prod

uction 

Cost )in 

peso 

/month( 

Profit 

)Sales-Cost( 

per kg 

Gross Profit  )in 

peso/month( 
%TGMM 

%Profit 

Share 

Marketing 

Efficiency % 

Farmers 35.00 22.00 14,460 13 25,348 43.8 13.52 175.297372 

Trader 50.00 36.00 154,723 14 54,134 18.8 28.88 34.9876877 

Wholesaler 63.00 58.00 40,000 5 43,448 16.3 23.18 108.62 

Retailer 80.00 73.00 58,881 7 64,527 21.3 34.42 109.588832 

Total 
    

187,457 100.0 100.00 
 

DURING PANDEMIC 

Marketing 

Actors 

Selling 

Price 

)per kg( 

Cost per 

kg  

Total 

Mktg/Prod

uction 

Cost )in 

peso 

/month( 

Profit 

)Sales-Cost( 

per kg 

Gross Profit  )in 

peso/month( 
%TGMM 

%Profit 

Share 

Marketing 

Efficiency % 

Farmers 35.00 20.67 14,460 14 16,285 38.88889 9.07 112.621024 

Trader 60.00 48.14 143,427 12 48,585 27.77778 27.07 33.8743751 

Wholesaler 75.00 62.00 40,000 13 48,387 16.66667 26.96 120.9675 

Retailer 90.00 80.00 58,881 10 66,241 16.66667 36.90 112.499788 

Total 
    

179,498 100 100.00 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From to Price setter 

Farmer Trader Trader 

Trader Wholesaler 
Supply and Demand 

Wholesaler Retailer  

Retailer Consumer Retailer  
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Table 11. Detailed Action Plan Framework for Focal Area One 
Focal Area One: Farm Productivity 

  Objective:  Improved farm productivity and farmer’s income 

Key 

Constraints 

Key Strategies Person/Agency 

responsible 

Performance 

Indicator 

Target Means of 

Verification 

Time 

Frame 

Increasing cost 

of production 

Development of 

alternative low-

cost farm inputs 

)fertilizers, 

pesticide, 

seeds/seedlings, 

etc.( 

DA-BAR, DOST,  

SUC, other R&D 

institutions 

Number of 

developed farm 

inputs 

 

Percentage of 

efficiency and 

effectiveness of 

developed 

alternative farm 

inputs 

Reduce 

production cost 

by at least 5% 

per year 

Financial 

report of 

farmers 

 

 

3-5 

years 

Inconsistent 

quality of 

produce  

Development of 

production 

standard 

procedures, 

distribution of 

production 

techno-guides, 

flyers and 

intensive 

monitoring of 

agricultural 

technician  

DA-BAR, DOST,  

SUC, other R&D 

institutions 

Farmer 

AEWs/MAO/ 

LGU 

Number of 

recipients of 

IEC materials  

 

Percentage of 

bitter gourd 

produce per 

grade/class 

Increase the 

percentage of 

prime quality 

bitter gourd 

produce by at 

least 2% per 

year 

Harvest and 

sales record  

2-3 

years 

Lack of 

technology on 

climate resilient 

production 

Development of 

climate-resilient 

production 

technology of 

bitter gourd 

DA-BAR, DOST,  

SUC, other R&D 

institutions 

Farmer 

AEWs/MAO/ 

LGU 

Percentage of 

crops survival 

per planting 

season 

Reduce farm 

crop losses by at 

least 5% per 

year  

Harvest and 

sales record 

3-5 

years 
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Table 12 Detailed Action Plan Framework for Focal Area Two 
Focal Area Two: Market Chain Support 

Objective:  Improve market chain support to boost bitter gourd industry 

Key 

Constraints 

Key Strategies Person/Agency 

responsible 

Performance 

Indicator 

Target Means of 

Verification 

Time 

Frame 

Transport and 

infrastructure 

constraints 

Tap concerned 

government 

agencies for 

construction of 

needed 

infrastructure  

 

-provide delivery 

vehicle to 

farmers’ 

organization 

 

DPWH 

LGU 

DA 

-Constructed 

road and other 

infrastructure 

 

Number of 

delivery 

vehicle 

distributed to 

the farmers’ 

organization  

-Farm to market 

road constructed  

 

 

-at least one 

delivery vehicle 

distributed per 

farmers’ 

organization  

Functional 

road and other 

infrastructure  

 

 

Documentatio

n of the 

purchase and 

distribution of 

delivery 

vehicle 

3-5 

years 

Fluctuating 

market prices 

Establishment 

and/or penetration 

of other Bagsakan 

Center where 

bitter gourd 

farmers and 

traders can sell 

their produce 

especially if there 

are big volume of 

supply in 

Bagsakan Centers 

in Manila 

 

Plant scheduling 

per province via 

asynchronous 

planting system to 

avoid oversupply 

of produce 

 

Strengthening of 

local trading post 

operated by LGU 

open to all and 

free of charge to 

all farmers  

DA 

DOST 

LGU 

DTI 

 

 

 

LGU 

MCDC 

 

 

Number of 

established 

Bagsakan 

Centers 

 

 

 

 

Trend of price 

fluctuation per 

month 

 

Established 

local trading 

post/ Bagsakan 

centers  

Establish/penetr

ate at least one 

more Bagsakan 

Center in the 

province and/or 

nearby business 

districts 

 

 

Reduce the 

difference 

between 

fluctuating 

prices 

 

Reduce farmers’ 

reliance on 

traders and 

haulers in 

marketing their 

produce and 

increase their 

bargaining 

power  

Reduce traders’ 

marketing cost. 

Price 

monitoring 

report 

 

 

 

 

 

Sales record 

of farmers 

 

 

Number of 

farmers 

accommodate

d in the LGU-

operated 

trading post 

and volume of 

ampalaya 

being traded 

2-3 

years 

 

 

 

 

 

 

 

Unstable 

consumer 

demand 

Enter into buying 

agreement with 

institutional buyer 

who will buy a 

certain volume of 

DA 

DOST 

LGU 

Number of 

established 

buying 

agreement with 

Stabilize level 

of demand of 

bitter gourd 

produce 

MOU/MOA 

Copy of 

Contract 

 

3-5 

years 
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produce on a 

regular basis 

 

Promotion 

campaign on 

health benefits of 

bitter gourd 

 

Creation of “Atin 

Muna” 

policy/program 

that encourages 

local vendors to 

support local 

farmers by buying 

their commodity  

 

 

 

DTI 

SUC 

 

 

 

 

 

 

 

 

 

 

LGU 

FCAs 

 

 

institutional 

buyers 

Volume of 

demand of 

bitter gourd by 

institutional 

buyers 

 

Volume of 

demand of 

bitter gourd by 

final consumers 

 

Volume of 

bitter gourd 

sold to local 

vendors 

 

Percentage 

increase in the 

number of 

consumers 

purchasing 

bitter gourd 

 

 

Percentage 

increase in the 

volume of bitter 

gourd purchases 

 

Increase the 

volume of bitter 

gourd fruits 

being sourced 

from S.I. 

farmers 

 

Sales record 

 

 

 

 

 

 

 

 

Local 

Ordinance/  

Marketing 

Campaign 

 

Sales record 

 

Limited product 

value-addition 

Develop bitter 

gourd-based 

processed 

products 

DA 

DOST 

LGU 

DTI 

SUC 

Number of 

developed 

bitter gourd-

based 

processed 

products 

Introduce in the 

market at least 

two bitter 

gourd-based 

processed 

products 

Product 

record 

Sample of 

actual 

developed 

product 

3-5 

years 
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Table 13 Detailed Action Plan Framework for Focal Area Three 
Focal Area Three: Institutional Development 

  Objective: Enhanced market chain actors’ organizations and Local Government Unit’s technical capability 

Key 

Constraints 

Key Strategies Person/Agency 

responsible 

Performance 

Indicator 

Target Means of 

Verification 

Time 

Frame 

Limited 

financial 

capacity of 

farmers’ 

organization to 

finance 

members’ 

agricultural 

production 

Strengthen 

financial 

capacity and 

capability of 

farmers’ 

organization 

Land Bank 

DA 

LGU 

SUC 

DTI 

CDA 

Number of 

farmers who 

availed 

production 

loans 

 

Amount of 

loans released 

to farmer-

members 

 

Number of 

capacity 

enhancement 

activities 

conducted 

 

Number of 

trainees 

Reduce the 

number of 

farmers who 

availed loans 

from traders by 

5% per year 

 

Provide 

production 

loans to at least 

50 farmer-

members 

 

Capacitate at 

least 100 coop 

officers on 

financial 

management per 

year 

List of 

farmers who 

availed loan 

 

 

Financial 

report of 

cooperative 

 

 

Post-activity 

training report 

3-5 

years 

Lack of traders’ 

organization in 

the area to 

organize, 

regulate and 

strengthen their 

marketing 

activities 

Organize, 

register and 

support traders’ 

organization in 

the area 

DA 

DTI 

LGU 

CDA 

 

Number of 

traders’ 

organization 

established 

Establish at 

least one 

registered 

traders’ 

organization 

Copy of 

certificate of 

registration 

1-2 

years 

Limited 

technical 

capability of 

LGU’s 

Agricultural 

Extension 

Workers 

)AEWs( 

Strict 

implementation 

of qualification 

standards in 

hiring AEWs 

 

Provide 

retooling and 

other capacity 

enhancement 

activities in 

various areas of 

agricultural 

production 

CSC Number of 

hired AEWs 

based on 

prescribed 

qualification 

standards 

 

Number of 

trainings 

conducted 

 

Number of 

trained AEWs 

To improve the 

quality of 

recruited AEWs  

 

 

To enhance the 

technical 

capability of 

existing AEWs 

Copy of 

profile of 

AEWs 

 

 

 

Post-activity 

training report 

2-3 

years 
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  Figure 1. Structure-Conduct-Performance Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Market chain map of bitter gourd industry in San Ildefonso, Bulacan 
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Abstract 

Rice production in Kawthoolei )Karen State(, Myanmar still operates mostly on a 

subsistence basis. Smallholder growers sell their paddy surplus at whatever price the traders offer. 

Most don't have access to credit to buy quality seed and fertilizer. In case of drought or storms, they 

can lose their crops. There is no quality control, which limits the prices farmers can get. This paper 

will discuss an experience in Senegal, where rural banks, paddy mill factories, agro-dealers, and 

producer associations were linked together so that farmers have credit, banks have repayment 

guarantees, and paddy factories have guaranteed raw material supplies. Farmers and banks are also 

protected against bad harvests by crop insurance, and farmers get access to technical assistance so 

they can adopt improved seed varieties and production methods. Lastly, the Senegal experience will 

be related to potential replication in Kawthoolei/Karen State.bstract  

 

Key words:  agro-credit, crop, insurance, Karen State  

 

Introduction 

Smallholders operating in a disjointed 

market and credit environment are price-takers, 

subject to limited production capital and low 

output prices. This is the case in Karen State in 

Myanmar. This paper is a study of a system in 

Senegal that links producers, credit providers, 

and formal-sector output buyers together to 

overcome the credit constraint, increase 

productivity, and improve smallholders' market 

advantage. It then seeks to examine the 

applicability of such a system to smallholder 

agriculture in Karen State.  

 
Methodology 

Research phase 

The author made extensive visits to 

work sites of a donor-funded project in Senegal 

that involved smallholder rice and corn 

growers, rural agricultural lending institutions, 

formal-sector grain mills, government seed 

reproduction stations, and private farm input 

suppliers. The project linked these stakeholders 

into an integrated network of mutual assurance. 

The project's main goal was increased 

productivity, income generation, and re-

investment in farming systems by smallholders. 

Secondary objectives included replacing 

foreign grain imports with high-quality 

domestic grain, increasing the markets for farm 

inputs, and making farm credit more accessible 

to smallholders. 

The network was developed with the assistance 

of a project called Projet de Croissance 

Economique )PCE( or Economic Growth 

Project in English, funded by the United State 

Agency for International Development. Unlike 

most donor projects, however, the PCE was 

designed in a way to be self-sustaining and 

permanent without additional outside 

assistance after the project period.  

The network included the following elements: 

Producer associations made up of smallholder 

farmers of paddy )rice( and corn )maize( 

A network of agricultural credit banks with 

branches near producers

Input and service suppliers who agreed to 

participate in a voucher system backed by the 

banks 

Industrial processors of paddy and corn who 

buy farmer output and guarantors of producer 

credit 

Technology vendors working with national 

lenders to sell farm equipment on partial credit 

Each of these elements existed prior to the PCE 

project, but were not linked in any organized 

fashion, and were separated by intermediaries. 

The project's innovation was to identify aligned 
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interests among the different stakeholders an d 

establish systems of interaction for mutual 

benefit. 

The network was developed with the assistance 

of a project called Projet de Croissance 

Economique )PCE( or Economic Growth 

Project in English, funded by the United State 

Agency for International Development. Unlike 

most donor projects, however, the PCE was 

designed in a way to be self-sustaining and 

permanent without additional outside 

assistance after the project period.  

 

Background 

Senegal has two major paddy 

production areas, in the north in the Senegal 

River watershed where irrigation is used, and in 

the south in the Casamance River watershed 

where production is rainfed. In the center of the 

country in the Saloum River watershed, peanuts 

and corn are grown as cash crops. While paddy 

is a traditional subsistence crop, there are large 

numbers of farmers who produce surpluses and 

grow paddy mostly as a cash crop. Irrigation 

canal networks have been built in the north to 

support two crops per year. Corn is not a 

traditional food, and is grown almost 

exclusively for the animal feed industry.  

Producer associations are widespread, but 

suffer from many of the familiar problems: 

Chronic inactivity, internal corruption, political 

machinations and domination by wealthier 

members, lack of member services, etc. Many 

associations are not the initiative of farmers, 

but of donor projects, for the purpose of 

channeling subsidies. For the PCE project, it 

was necessary to select relatively active 

producer associations and provide some 

organizational and business training.  

Agricultural banks and rural credit cooperatives 

are also widespread, but their funds are 

considered inaccessible because their interest 

rates and fees are too expensive for many 

farmers. Interest rates are high due to the risk 

perceived by the banks when lending to 

farmers, agriculture being by nature risky and 

at the mercy of weather and market price 

swings. The fact that banks usually take land 

title as collateral for loans causes farmers to 

fear losing their land, but banks see little else 

with which to secure loans other than land title. 

In addition, loans sometimes arrive too late to 

prepare for planting, in which case they are all 

risk and no benefit.  

Processing industries existed prior to the PCE 

project, trying to fulfill domestic demand for 

white rice and animal feed. Their access to raw 

grain for processing was tenuous, however, as 

they were in constant competition with 

intermediary buyers trying to secure the same 

grain supplies for export or resale. Middlemen 

are known to pay artificially high prices for 

short periods in order to drive competitors, such 

as processing industries, out of business, and 

break agreements between farmers and their 

associations.  

While Senegalese people in both urban and 

rural areas consume a lot of rice, in recent years 

the white rice on the market is mostly imported 

from Asia, where production and processing 

are more mechanized and efficient than in 

Africa; the imported rice is consequently less 

expensive than local rice.  

Input and service suppliers are also well-

developed, but without a system of production 

credit for farmers, their sales were limited to 

what farmers could buy with cash. If personal 

trust could be established between agro-dealers 

and farmers, then individual credit 

arrangements might be worked out. The catch, 

however, is that the loans of inputs are usually 

to be repaid in kind with grain at harvest time, 

and the price used to value the grain )e.g. 

below-market price( favors the agro-dealers 

significantly over the farmers. It is seen as a 

form of loan-sharking, and it significantly 

reduces the income of farmers.  

 

Farmer-bank-industry tripartite contracting in 

the PCE project 

 

A. Contracts for the annual production 

cycle 

Basically, processing industries agree to 

purchase designated amounts of output from 

farmers at the market price at time of sale, with 

the price paid not to fall below production cost 

for the farmers or rise above the profitability 

threshold for processors. In turn, the processors 

)buyers( guarantee loans from the banks to the 

farmers, which the industries repay directly to 

the banks upon receipt of the farm output. 
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Banks loan funds to farmers who are members 

of accredited associations, but the loans are 

made in vouchers, not cash. The farmers pay 

participating input and service suppliers with 

the vouchers, which are immediately 

redeemable at the banks, where they are entered 

against farmers' individual loans. Farmers 

return unused vouchers to the banks. At harvest 

time, processing industries send their trucks to 

the producer associations to take delivery of the 

agreed amounts of paddy or corn, and repay 

farmers' loans at the banks based on the grain 

received. Any production over and above the 

agreed sales to processing industries can be 

sold by farmers to the buyer of their choice at 

whatever price they negotiate.  

The reason for using vouchers rather than cash 

is to ensure that the funds be used for the 

intended purpose, rather than for unrelated 

needs that households may have. Vendors are 

supposed to accept vouchers only from 

registered project participants, so selling of 

vouchers to third parties for cash is difficult.  

 

B. Large equipment loans 

 

A separate credit cycle involves technology 

sales to farmers on partial credit, using a 

different set of banks specialized in equipment 

sales. The sales are made on a lease-purchase 

basis, where a down payment and subsequent 

annual payments are considered as rent until the 

final payment is made, at which point 

ownership of the equipment switches from the 

bank to the farmer. In case of default, the bank 

repossesses the equipment and any payments 

made up to that point are considered rent 

received, with no further obligation by either 

party. The bank may then sell the depreciated 

equipment. Loan periods are four years, with a 

down payment and four annual payments each 

being 20%, the installments being payable at 

harvest time. The equipment in this case 

consisted of tractors and trucks, but could 

include any equipment used in production, and 

and that retains some value if repossession is 

necessary.  

 

C. Project strategy 

1. Value chain consolidation: By linking 

together the output markets, credit suppliers, 

input and service suppliers, and producers, the 

PCE project aimed to create a virtuous cycle 

that would enable and stimulate production and 

improve processing. A more direct relationship 

between producers and processing industries, 

as well as production of higher-quality paddy, 

would bring better prices to the producers, 

which would in turn make them a better credit 

risk and improve their access to productivity-

enhancing inputs like certified seed and 

plowing services. Farmers with credit make for 

better markets for the vendors of these inputs.  

2. Market development: The PCE project 

took an import substitution approach to the 

domestic grain market. Streamlined, more 

productive farming, combined with efficient 

processing of regular supplies of rice and corn 

would make domestic grain more competitive 

against cheap imports. Cost-benefit studies 

prior to the PCE project gave indications of the 

potential benefits. 

3. Risk mitigation: Another important 

innovation of the PCE project was the linking 

of meteorologically indexed crop insurance 

with credit, to reduce the risk associated with   

smallholder agriculture. Mandatory crop 

insurance was a feature of farmer loans; it is so 

inexpensive that the additional cost is 

essentially imperceptible to the producers, but 

it buffers both farmers and lenders against bad 

harvests caused by drought, storms, or other 

weather-related phenomena. 

4. Pricing strategy: From past experience 

in many countries, the Senegal project decided 

against price setting at the beginning of the crop 

cycle, because if the price at harvest time varies 

too much from the pre-negotiated price, either 

the producers or the buyers have an incentive to 

abandon the agreement.  

The solution was to agree to use the going 

paddy price at harvest time, on condition that it 

fall within an agreed range between the average 

cost of production for smallholders )lower 

limit( and the profitability threshold of the 

processors )upper limit(, as determined by a 

study conducted with the participation of 

various stakeholders.  

5. Selection of producer associations: The 

PCE project aimed to work only with those 

associations meeting minimum criteria for 

functionality. The banks had a great deal to say 
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about this, as it was their money to be loaned 

out. The criteria for producer association 

selection included these characteristics: 

A clear set of democratic internal governance 

by-laws that guaranteed all members a say in 

decisions taken and leaders elected; 

Another set of by-laws regarding transparent 

management of assets, especially money, and 

sharing of economic benefits; 

A track record of at least two years of concrete 

production- and market-related activities that 

benefit members, which could include common 

input procurement, warehousing, group-owned 

equipment, collaborative marketing, internal 

credit services, etc. 

A minimum number of active farming 

members )e.g. 15( who possess between 2 and 

10 hectares of land, as well as access to 

irrigation water )for northern paddy farmers(; 

No recent history of corruption or gross 

mismanagement; 

No close connection to political parties or other 

relationships that could suggest cronyism; 

Existing relationships with banks were 

beneficial but not required; 

On the other hand, a history of receipt of “free” 

items from donor-funded projects was 

considered undesirable. 

 

A series of needs assessment visits was 

conducted to producer associations to 

determine both their level of interest, and their 

qualification to participate in a project that 

involved local credit rather than donor 

subsidies, as measured by the above criteria.  

 

6. Enhancing processing industries: 

Senegal had a limited number of industrial-

scale rice mills when the PCE project started. 

The project aimed to help each overcome its 

limitations.  

The most common challenge for the processors 

was limited volume of production, which 

prevented them from reaching economies of 

scale that would make them competitive with 

importers. This in turn was caused by under-

developed relationships with raw paddy 

suppliers, and the margins taken by 

intermediary paddy traders.  

One solution for raw material stocks was the 

purchase of grain from producers on credit. 

Naturally, producers wanted to be paid cash on 

delivery, but with the mediation of the PCE 

project, some agreed to take partial delayed 

payment, in exchange for a slightly higher 

price. In this way the industries were able to 

process and sell grain, then pay the producers, 

and repeat the cycle until the season's crop was 

exhausted. The result was expanded volume.  

7. Binding contracts: The foundation of 

this strategy is a contractual relationship that 

the three key parties enter into voluntarily, but 

which is obligatory once signed. Agreements 

are traditionally breached if one of the parties 

sees it in their short-term interest. It was thus a 

challenge for the PCE project to inculcate 

adherence to agreements. Binding contracts are 

considered necessary by banks, without which 

they would not agree to lend money. The 

project had to educate stakeholders on the 

binding nature of legal contracts and the 

consequences of breaching them.  

8. Farmer-oriented credit products: In 

order to attract agrarian clients, rural banks 

need to offer loans geared toward farming. 

Unfortunately, even most rural banks offered 

only short-term )three month( loans geared 

toward commerce rather than agriculture.  

In this project, the loans were for the length of 

the growing season, up to nine months, with an 

interest rate of 5.625%, compared to up to 24% 

per annum charged by micro-finance 

institutions for ordinary farmer loans. It should 

be mentioned that the banks and processors sent 

representatives to the farms 2-3 times during 

the cropping season to monitor progress and 

identify and rectify any problems as early as 

possible. 

9. Quality control: The processing 

industries required a minimum of quality in the 

raw grain they purchased, and the contracts 

stipulated that only grain meeting that standard 

would be accepted for loan repayment. The 

grain had to have a maximum 17% moisture 

content, have less than 1.5% impurities mixed 

with the grain, be of uniform variety, etc. 

Meeting these requirements motivated 

participating farmers to further professionalize 

their operations from informal practices. They 

began measuring moisture content, and 

handling their harvests in cleaner environments 

)such as drying grain on tarps rather than on the 
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bare ground.( About 80% of PCE participants 

use certified seed, which improves the quality 

and purity of the rice compared to traditional 

saved seed. The improved grain quality resulted 

in an average 8% rise in the sale price of the 

paddy, which roughly offset the interest and 

crop insurance cost of the loans.  

10. Improved productivity: Farmers 

participating in the PCE project and using their 

access to credit to adopt high-yield certified 

seed, mechanized plowing, fertilizer, and other 

inputs were able to reach yields of 8-9 tons per 

hectare for irrigated paddy, compared to 4-5 

T/ha traditionally. And again, it was better 

quality. 

Business training for growers and their 

associations: The PCE project hired rural bank 

personnel to visit producer associations to 

provide training in basic accounting and 

business plans for their members.  

 

D. The large equipment component  

Another project component focused on lease-

to-own of tractors and trucks for farmers. 

Tractor models were available that cost 

US$20,000 )in the early 2000s(. Trucks were 

sourced from the local market.  

The banks involved in this component 

specialized in large equipment, so the credit 

officers at the banks had good technical 

familiarity with the technology. When a 

producer association wanted to buy a tractor or 

a truck, an agreement was drawn up, and the 

bank would purchase the equipment from a 

dealer in country. The bank would then place 

the equipment with the farmer association in 

exchange for a 20% down payment )$4,000(. In 

the case of tractors, this would take place prior 

to planting season, when land was being 

prepared. Four subsequent payments of 20% 

each were due annually at harvest time, until 

the entire cost was paid. The interest rate on 

these loans was 7% per annum.  

The business plans of the producers 

associations included both lending of the 

equipment to members to improve their 

productivity, and rental to non-members to help 

repay the loan and generate a profit. Group 

members received first priority for use of the 

equipment, for which they would pay a 

discounted fee to the group treasury. When it 

wasn't needed for members, the equipment was 

rented to nearby non-members. This had two 

virtuous effects – helping the group pay for the 

equipment, and spreading the availability of 

plowing and transport services more generally 

in the communities.  

The corn grower associations had no difficulty 

recouping their down payments and paying the 

annual installments.  

 

Results 

 In contrast to so many donor-funded 

development projects, this one took root and 

led to a durable and positive change in the local 

economy. By the use of binding contracts, both 

producers and buyers adopted more 

professional behavior, honoring agreements 

and planning investments, expenses, and profits 

in a systematic manner.  

 

A. Winners under the tripartite contract 

system 

Farmers were able to increase production by 

40-100%, through the adoption of improved 

inputs that produce higher yields, and in some 

cases by adding a second cropping season.  

Processing industries gained more secure 

access to raw grain, and escaped some of the 

risk from market price spikes.  

Rural banks increased their customer base, 

and were able to reduce interest rates due to the 

security of the tripartite contracts and crop 

insurance that reduced their risk when lending 

to farmers. Repayment rates were over 95%.  

The Senegalese government was satisfied that 

the increased presence of domestic rice on the 

food market reduced the country's dependence 

on imports. It also benefited from the expansion 

of the Ministry of Agriculture's certified rice 

seed production system.  
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Analysis 

Basic metrics of the PCE project1: 

Producer associations 

involved 

50 

Farmers applying improved 

production technologies 

and/or techniques 

26500 

Total of loans made to 

smallholder producers by 

rural banks – per year 

US$16.3 

million 

Loan repayment rate >95% 

Producers covered by crop 

insurance 

5000 

Total amount of loans made 

by private banks to farmer 

associations for the purchase 

of large equipment 

US$3.5 

Hectares brought under 

improved production 

techniques 

30,000 ha 

Duration of the project 5 years 

 The PCE project achieved beyond its 

intended results.  
 

Discussion 

How the Senegal PCE could or does not apply 

to underdeveloped areas of Karen State 

Karen state suffers from a political and 

economic division between those areas 

controlled by the Burmese government, which 

benefited from normal investment and 

development before the February 2021 coup 

d'état, and those liberated areas controlled by 

the Karen government )KNU(, whose isolation 

 
1 International Resources Group, Economic 

Growth Project, FY2104 Annual Report, submitted to 

USAID/Senegal 

has kept them at a much earlier stage of 

development. For the tripartite contract system 

to work in Karen State, some of the necessary 

elements listed above, which only exist )or 

existed prior to the coup( in the Burmese-

controlled areas must be extended into the 

entire state or nation of Kawthoolei. These 

include the rural banks and micro-finance 

institutions, market reach of processing 

industries and input suppliers, supporting 

infrastructure, and supporting legal system. 

Solid producer associations are also generally 

absent, but could be developed given the right 

incentives and technical counsel.  

A. Foundational assumption: resolution of 

the current civil war and establishment of home 

rule 

One premise of this paper is therefore that the 

two sides of Kawthoolei or Karen State be 

unified, so that the essential elements of the 

tripartite contract system be available 

everywhere. This means, of course, a 

conclusion of the civil war that results in home 

rule in Kawthoolei )since anything else would 

mean no change.(  

If home rule is established and the internal 

borders are eliminated, certain things will 

develop naturally, such as the extension of 

good roads into areas currently suffering from 

difficult access, which in turn brings 

connections between remote producers and 

formal sector markets including processing 

industries, as well as input supply channels. 

Unification would also bring the application of 

legal norms to all districts. Both the 

government and the private sector have an 

interest in these improvements, so they would 

become a priority.  

Under unified home rule, the numerous micro-

finance institutions found today in towns like 

Hpa-an and Thaton could extend their reach 

into the current liberated areas. Without some 

form of leveraging, such as a tripartite 

contracting system, however, farmers in those 

areas will likely have little or no access to 

micro-finance loans.  
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B. Lowland grain production 

The tripartite system discussed in this paper 

concerns grain production, which is practicable 

mostly in the flatter, lower elevations of 

Kawthoolei. Around Myawaddy, a corn 

production system is already well developed, 

led by the animal feed industries of Tak 

Province in Thailand, just across the Thu Mwe 

)Moei( River. This shows the potential for grain 

market vertical integration.  

In the rest of Karen State, smallholders in low 

elevation areas produce paddy, but mostly 

without any sort of organization; this is 

especially true in the liberated zone. Most 

smallholder production goes for home 

consumption, but where there are surpluses, 

they are generally sold in a haphazard manner 

to the first traders who present themselves, at 

the first prices offered. Farmers interviewed say 

they have no knowledge of the market beyond 

these itinerant traders. The tripartite contract 

system could benefit such smallholders who 

produce a surplus, linking them with formal 

sector buyers and credit providers, thus 

allowing them to adopt inputs that improve 

their yields and possibly add a second cropping 

season of paddy or some other crop such as 

sesame, beans, sunflower, etc.  

 

C. Upland perennial crops 

There is a great deal of land in Kawthoolei, 

however, that is not appropriate for high-

efficiency grain production, due to the 

mountainous topography. These areas are more 

suited to perennial crops that do not cause 

erosion on sloped soil, such as the traditional 

betel )areca( nut, rubber, bananas, and durians, 

as well as others that have great potential for 

establishment or extension, such as coffee, 

cacao, avocados, mangosteens, rambutans, 

cashew nuts jack fruit, etc. Even wood species 

such as teak could be grown for long-term 

income. Some of these have compatible 

intercrops like pineapples or elephant foot 

yams that would enhance their profitability, 

especially when trees are newly-planted have 

have not yet entered production. Perennial 

crops could be promoted without the risk of 

deforestation in areas already cleared for 

highland paddy production and then left fallow. 

By the time the land may be wanted again for 

rice, a better income stream should be available 

from the perennial crops, and with much less 

labor demand than upland paddy.  

These perennial crops have the increasingly 

important further advantage of being more 

resistant to the effects of climate change than 

annual crops like paddy. In Kawthoolei, those 

effects include reduced and more erratic 

rainfall, which can cause annual crops to fail 

where established tree crops survive. 

How the tripartite contract system could be 

applied to perennial crops remains to be seen. 

The horizon from planting to harvest is much 

longer for tree crops than for grain – on the 

order of five years or more for grafted tree 

seedlings. This may discourage mirco-finance 

institutions. Commercial traders of tree crops, 

on the other hand, may see their interest in 

providing seedlings and technical advice to 

farmers in order to garner their production later 

on. This has already been observed in the case 

of coffee.  

Corn in the Myawaddy area, as well as green 

coffee beans grown in Taw Oo District 

)Thandaunggyi(, have their best market in 

Thailand. Other products such as cardamom 

from Taw Oo and elephant foot yams are 

marketed to China. Following the conclusion of 

the civil war, Burma may also be a viable 

market for some Kawthoolei agricultural 

products. The essential point is that in a well-

developed market, several different choices 

exist for output sales, and the choices are made 

based on thorough knowledge of market prices 

and conditions. Where profitability potential is 

good, smallholders can get access to the credit 

and inputs they need to optimize their 

production, whether through tripartite contracts 

or other forms of rural investment. 
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Figure 1 Diagram of the grain pricing strategy under the PCE project 
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Figures 2 Kawthoolei boundary, agro-ecological zones, and political divide as of July 20222 

 

 
2 Note: Political control is fluid during the civil war, with Karen areas occasionally expanding at the expense of 

Burmese army control. At the time of the October 2022 Innovation for Resilient Agriculture Conference, the control 

areas may have changed. 
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Abstract 

The Royal Project Foundation was established in 1969. Initially, the supported types of plants 

were Winter fruits and flowers. Subsequently, the consumers’ demand for organic lettuces, such as 

Cos, Green Oak Lettuce, and Red Oak lettuce, is continuously increasing. As a result, the Royal 

Project Foundation significantly supported agriculturists to harvest the three types of plants from 

2014 until organic lettuce can be listed in the top 10 main types of the Royal Project Foundation. 

However, it revealed that the Royal Project Foundation was not capable of producing enough organic 

lettuces to meet the consumers’ demand because of the problem in the supply chain, such as the delay 

in the production processes or the unbalance of resources. The purpose of the study is to investigate 

the supply chain of the organic lectures by a means of applying the SCOR model, which was from 

the interviews of agriculturists and agencies of the Royal Project Foundation, the agencies of the 

Royal Project Produce Development Center, and the clients’ companies in the supply chain. The 

result found that most of the agriculturists ‘activities encountered difficulties with climates, diseases, 

and insects. Besides, in terms of supply and production of agriculturists, it revealed that a majority 

of agriculturists encountered difficulties with the raw material supplies and the issue of the broken 

greenhouse. Consequently, it caused a production slowdown. As a result, it caused the agriculturist 

to fail their target to achieve cultivating the determined number of crops, and additionally, some crops 

were even unqualified. The unqualified crops led to the problem of the crop returning throughout the 

processes. In addition, during the transportation, the agriculturists in the Royal Project Foundation 

and the Royal Project Produce Development Center successfully applied containers and technologies 

to facilitate their transportation. There were the pre-at-least-three-to-six-moth-purchase planning, and 

the construction of the quality building, both of which were effective solutions to battling the issue 

well. 

 

Key words: Organic Lettuce, SCOR Model  

 

Introduction 

The Loyal Project Foundation was 

founded in 1969 with the purpose to solve the 

problems of opium poppy cultivation, poverty, 

and deforestation by compensating by growing 

the cold-region plants. In the early stage, most 

types of the cold- region plants, being 

supported, are referred to be fruit trees and 

flowering plants, such as apples, peaches, and 

Chrysanthemum ) Highland Research and 

Development Institute, 2019( .  However, the 

foundation has currently promoted organic 

vegetables for the agriculturist to grow to meet 

the customers' needs, which is increasing as 

The National Organic Development Strategic 

Committee 2017- 2021 ) Food and Drug 

Administration, 2017( .  Regarding more than 

150 types of promoted vegetables, organic 

lettuces are one of those, currently getting the 

most promoted.  To clarify, in 2014, the Royal 

Project Foundation began assigning the 

agriculturist to grow six types of organic 

lettuce, which were red coral, head lettuce, red 

leaf lettuce, cos, green oak, and red oak. Later, 

the foundation encouraged the cultivation of 

another three types of organic lettuces, which 

are file iceberg, butterhead, and baby cos. And 

from 2017 on, cos and green oak had made the 

top 10 productions of organic vegetables. This 

was to say, the production from 2014 to 2020 

mailto:pornsiri.s@cmu.ac.th
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increased by 66% and 182% respectively )The 

Royal Project Foundation, 2019( .  Regarding 

the 28 Royal Project Development Centers in 

Chiang Mai in 2021, there are only four Royal 

Project Development Centers, such as Thung 

Luang, Khun Pae, Huai Sompoi, and Inthanon, 

which cope with organic cos, green oak, and 

red oak.  ) The Royal Project Foundation, 

2019( .  Each Royal Project Development 

Center supports the agriculturist, planning out 

the manufacture, supply, and selection of the 

crops for packing products ) Sitthiwangkul, 

2012( .  Considering a supply chain system of 

four Royal Project Development Centers, it 

found that the development centers in Khun 

Pae, Huai Sompoi, and Inthanon had the same 

system in common, which was that in the 

procedure of transportation and product 

selection, agriculturists had their options to 

choose sizes, decorate or transport products by 

themselves or rely on the service of the Royal 

Project Development Center.  However, the 

supply chain system in Thung Luang Royal 

Project Development Center was different 

from the other centers.  To clarify, the 

agriculturists in Thung Luang had to rely on 

themselves throughout the whole process; to 

decorate, choose sizes, including transport 

products to the Development Center.  As a 

result, it affected the supply chain in Thung 

Luang Royal Project Development Center to 

be different because the agriculturist needed to 

spend more time on working, or procurement 

of raw materials, and using equipment in 

decorating or transporting goods rather than in 

other centers.  Besides, the organic lectures 

could grow in every weather but their crops 

would be different, depending on the weather 

of each season.  Consequently, agriculturists 

needed to cope with crops differently in each 

weather.  For example, the drought normally 

occurs in summer, so the number of crops was 

small, while there was a small number of crops 

in the rainy season due to plant diseases and 

insects.  To clarify, in the rainy season, the 

transportation needed the proper containers 

and more protection rather than other weather 

to prevent the rain and wind, potentially 

making the organic lettuces bruised or 

damaged.  On the other hand, in winter, it 

would encounter the issues of only diseases 

and insects so they could produce a bigger 

number of crops. 

Regarding the mentioned issues in 2021, the 

Royal Project Produce Development Center 

failed to harvest the crops of organic lettuces 

to achieve to target crop production.  Hence, 

supply chain management was significantly 

important in business because it supports 

every activity in the supply chain from 

upstream to downstream to be more effective. 

Recently, there were studies to investigate the 

supply chain of many types of agricultural 

products, such as Melientha Suavis )Nukchop, 

2017(, shallot )Termsombaton, 2015(. On the 

other hand, there are many supply- chain-

related types of research of the Loyal Project 

Foundation, such as studies concerning supply 

chain management of fresh vegetables 

) Supapunt and Ekasingh, 2014(  Logistical 

costs of Head Lettuces, Chinese Cabbage-

Michillis, cabbages, and Chinese cabbages in 

Nong Hoi Royal Project Development Center 

)Sitthiwangkul, 2012(. However, a study about 

supply chain of organic cos and green oak, 

which are the types of vegetables, recently 

being supported and currently being more 

significant, is still not scrutinized.  Hence, the 

objective of this study is to investigate the 

supply chain of the three types of organic 

lettuces, which will be the guidelines for 

supply chain management of organic lettuces 

in the Royal Project Foundation more 

effectively in the future. 

 

Materials & Methods 

Sample preparation 

To study collecting the primary data 

from the sample by interviews.  Each data 

collection was carried out from January to 

December 2021 and the samples are classified 

into three groups which are as follows. 

1.  The upstream group, such as 18 

agriculturists in the Thung Luang Royal 

Project Development Center, two staff in 

the fertilizer department department of Thung 

Luang Royal Project Development Center, and 

two staff in the seeding department of Thung 

Luang Royal Project Development Center. 

2.  The midstream group, such as three staff 

in the residue analysis department of the 

Thung Luang Royal Project Development 
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Center, 15 staff in the packing house 

department of Thung Luang Royal Project 

Development Center, and 14 staff in the 

packing house department of the Royal Project 

Produce Center. 

3.  The downstream group, such as the owner 

and the staffs and owner of clients’ company. 

 

Methods 

An analysis of the supply chain is 

carried out via using SCOR because it can 

illustrate an overview of a relation of a supply 

chain, which were classified into five 

activities )SCOR, 2004( as follows. 

1.  'Plan' refers to the planning process, which 

determines the demand for planning to make a 

balance in the supply chain. 

2.  'Source' refers to the activities associated 

with planning, taking orders, and checking the 

supply of raw materials or gadgets. 

3.  'Make' refers to the process concerning 

planning, allocating the purchases of tools, or 

the working performances. 

4.  'Delivery' refers to the process associated 

with shipping, including taking orders.  

5.  'Return' refers to the processes associated 

with returning or taking goods. 

 

Results 

The supply chain management of 

organic lettuces in Thung Luang Royal Project 

Development Center has been illustrated 

bellows. 

 

Data analyses 

1. Structure of an upstream supply  

1.1 Fertilizer department of the Royal Project 

Produce Development Center can be divided 

into 4 activities as follows. 

1(  'Plan' refers to the planning activity of 

the assessment of demand of purchasing of 

fertilizer of agriculturists to follow the plan of 

production. 

2(  'Source' is the process to procure raw 

materials and gadgets. In each quarter, the staff 

in the fertilizer department department would 

assess the need to purchase the fertilizer from 

the agriculturists, along with assessing the 

production planning.  After that, they would 

deliver the orders to purchase to the officer in 

the purchasing department of the Thung Luang 

Royal Project Development Center to deliver 

the orders to the stores or the distributors and 

to make the appointments for delivery.  It 

includes the allocation of vehicles to take 

goods which the majority of raw materials, 

such as Organic fertilizer or biodiesel waste, 

will be bought from the distributors in 

MaeTaeng District.  Whereas, the gadgets for 

production, such as Sieve, shovels, or sacks, 

are normally bought from Khamthieng 

Market. 

3(  'Make' is the fertilizer- producing process 

that spends 3- 4 months.  In the stages of 

producing fertilizer, the staff combine Organic 

fertilizer with biodiesel waste and water. Then, 

mix them all and cover them with fabric or 

straw.  Then turn over the fertilizer every 3 

weeks until the fertilizing process is finished. 

The staff will pack 10 kilograms of fertilizer in 

each sack and deliver them to sell at the village 

in cooperation with other agriculturists. 

4(  'Delivery' is the process of delivering the 

fertilizer to the agriculturists’ farm but only in 

the case that has an order of more than 500 

kilograms. 

1.2 Seeding department of the Thung Luang 

Royal Project Development Center can divide 

its processes into 3 activities as follows. 

1(  Plan refers to the planning process to 

coordinate staff among the Thung Luang 

Royal Project Development Center and the 

agriculturists for preparing enough seeding 

process, materials, or gadgets to meet the need 

of agriculturists and follow the production 

plan. 

2( The source is the process to procure the raw 

materials or gadgets in which each quarter the 

staff of the seeding department and the 

agricultural extensionists will assess the 

capability of production of the agriculturists 

by asking to accept the production plan from 

the marketing officer of the Royal Project 

Foundation.  After receiving the product plan, 

the staff in the seeding team deliver the order 

to the staff in the purchasing department of the 

Thung Luang Royal Project Development 

Center for passing the orders to stores and 

distributors.  Then make an appointment for 

delivery, including providing the vehicles for 

carrying the goods which most of which are 

raw materials, such as seeds of the organic 
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lettuces which were bought from the Royal 

Project Produce Development Center. Also, it 

includes the gadgets in production, such as 

coconut coir, seeding tray or gloves from 

Khamthieng Market. 

3( The Make is the seeding process of the 

organic lettuce, which spends 14- 21 days.  It 

starts with the staff preparing the coconut coir 

mix in the seedling trays.  Then, put the seeds 

on the hole seeding tray by putting 1- 2 seeds 

in each hole. After that cover it with a piece of 

paper or fabric. Water it in the morning, lunch, 

and the evening every day, or water it based on 

the weather each day. After 4-5 days later, the 

seeds will generate roots and leaves.  Then the 

staff would re- select the young seedlings. 

When the seedlings fully grow, the staff of the 

seedling department will cooperate with staff 

from the agricultural extension officer to 

schedule an appointment for transportation. 

1.3 Agriculturists of the Thung Luang Royal 

Project Development Center can divide the 

process into 5 activities as follows. 

1(  ‘ Plan’  refers to the planning activity for 

sharing ideas and brainstorming between the 

agriculturists and the officers of the Thung 

Luang Royal Project Development Center.  It 

involves the assessment of capability in 

organic lettuces planting, and the follow-up of 

the production plan from the officer from the 

market in the Royal Project Foundation each 

month.  Additionally, it includes the 

procurement of tools, gadgets, and 

agriculturists’ transportation. 

2(  Source is the process to procure raw 

materials and gadgets.  If goods are seedlings, 

containers of organic lettuces, and newsprints, 

the agriculturists have to purchase them from 

only the Royal Project Foundation because of 

the conditions of members.  In each purchase, 

the staff can order the goods through the 

agriculture extension officer ahead of at least 

1 week, and the types of goods must be used 

only by the Royal Project Foundation.  For 

containers of vegetables and newsprint paper, 

the agriculturists can use them for free which 

they can take them 1- 3 days ahead before the 

harvest day. Besides, most agriculturists order 

the fertilizer from the department of fertilizers 

of the Thung Luang Royal Project 

Development Center because the fertilizer is 

quality and cheap.  

For insecticide, prophylactic, or agricultural 

tools, the agriculturists are likely to buy them 

from the village collaborative.  Occasionally, 

the agriculturists assemble groups to produce 

the insecticide or prophylactic for 

cooperatively using together, such as the 

compost accelerators )ซุปเปอร์ พด.1(. To clarify, 

the procurement of raw material and almost 

every gadget, the agriculturists by themselves 

need to drive the car to take the goods at the 

distribution channels in each time.  However, 

the only exception is the fertilizer which has a 

purchase order of more than 500 kilograms of 

fertilizer, the staff will deliver the fertilizer to 

the agriculturists for free. 

3(  'Make' is the process that starts with 

nourishing the soil throughout the harvest. 

Regarding the study, most the agriculturists 

would rather grow organic lettuces in the 

greenhouses, which normally take 40-50 days. 

For supervision of the agriculturists’ 

production spreading of the compost is carried 

out every other week to prevent them from 

insects and rotten root or leaf spot disease. 

When the time to harvest comes, the 

agriculturists will have the organic lettuces the 

residue test at the residue analysis department 

of the Thung Luang Royal Project 

Development Center.  After being guaranteed, 

the agriculturists will make a requisition for 

boxes and newsprint paper.  In the harvest 

process, the agriculturists will clean, trim, and 

select the sizes of the organic lettuces before 

arranging them into boxes.  However, organic 

lettuces cultivation has given a different 

number of crops in each season because there 

is a problem of water shortage from drought. 

Consequently, the sizes of organic lettuces are 

smaller in summer whereas the problem of 

diseases and insects normally occurs in the 

rainy season, leading to a failure to achieve the 

targeted number of crops.  While organic 

lettuces have produced the largest crops in the 

winter because of more suitable weather and 

fewer insects. 

4( ‘ Delivery’  is the process of sending the 

organic lettuces to the packing house of the 

Thung Luang Royal Project Development 

https://dict.longdo.com/search/prophylactic
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Center.  In this process, the agriculturists will 

pack the organic lettuces into the containers 

and close them with newsprint paper. 

5 ‘ Return’  is the process by which the 

agriculturists bring the organic lettuces back 

from the packing house staff of the Thung 

Luang Royal Project Development Center 

because the goods are not qualified enough. 

For example, if the organic lettuces have leaf 

spot disease and root rot disease, the packing 

plant staff will immediately return them to the 

agriculturists to adorn and re-send plants later. 

2. Structure of a midstream supply 

2 .1  Residue analysis department of Thung 

Luang Royal Project Development Center can 

be divided into 3 activities as follows. 

1 (  ‘ Plan’  refers to the planning activity for 

procuring and delivering materials or gadgets 

which, are not contrary to the Royal Project 

Foundation’ s rules and also are enough for a 

substance analysis of the number of 

agriculturists’ crops. 

2(  ‘Procurement’ is the process to procure raw 

materials and gadgets.  In each quarter, the 

officer in the residue analysis department will 

assess the preparation of raw materials and 

gadgets to follow the production plan.  After 

that, pass the purchase order to the officer in 

the procurement department at the Thung 

Luang Royal Project Development Center to 

file orders to the stores or distributors, make an 

appointment for delivery, and prepare the 

vehicles for taking the goods, which are mostly 

raw materials, such as GT- Pesticide Residual 

test kit, being purchased from the Royal 

Project Foundation.  It includes other gadgets, 

such as a device for evaporation, a warm water 

tray, or a funnel which were purchased from 

the stores in the Mueang district. 

3( ‘Production’ refers to the process which has 

Pesticide Residue Testing in organic lettuces 

for 1-  2 hours.  The test will begin when the 

staff in the department of the residue analysis 

will cooperate with the agriculture extension 

officer of the Thung Luang Royal Project 

Development Center to make an appointment 

for the agriculturists to have around 3-5 heads 

of organic lettuces checked for Pesticide 

Residue Testing at the department.  During 

carrying out the test, the staff has the organic 

lettuces cut into around 300–500- gram small 

pieces. After that, put them into plastic bottles 

and mix them with solvent to extract the 

chemicals.  Then, put the mentioned chemical 

in the test tube. When the extract evaporation, 

the staff will test it with GT- Pesticide to 

analyze for residue and send the result to the 

agriculture extension officer to make an 

appointment for the agriculturists to cultivate 

and deliver the crops to the packing house of 

the Thung Luang Royal Project Development 

Center. 

2.2 Packing house of Royal Project Produce 

Development Center is comprised of 4 

activities as bellows. 

1(  ‘Plan’  is the process to plan and outline the 

work performed between the staff in packing 

house of Thung Luang Royal Project 

Development Center and the agriculturists. 

This department has the greatest number of 

staff, officers, and the most processes because 

the processes include taking the goods from 

the agriculturists, weighting, checking for 

quality, and also providing enough equipment 

supply for the work performances to continue 

the supply chain 

2 ) ‘Procurement’ is the process to purchase raw 

materials or equipment.  In each quarter, the 

packing house staff will take the production 

plan from the agriculture extension officer for 

preparing the raw materials and equipment. In 

the process of taking the goods from the 

agriculturists, it includes trimming vegetables, 

or containers.  After that, send the purchase 

order to the procurement officer of Thung 

Luang Royal Project Development Center to 

pass the order to the stores or distributors. 

Then, make the due date for delivery, 

including preparing vehicles to take the goods 

which are staff’ s uniforms, boxes, and 

newsprint paper, buy them from the Royal 

Project Produce Development Center, and 

other equipment, such as knives or baskets 

from stores in Mueng district and the 

Kamtieng market. 

3 (  ‘ Production’  is the process that checks the 

weight and quality of organic lettuces. 

Besides, in some quarters, there is the step of 

trimming and containing the lettuces into bags. 

The Production will begin after the agriculture 

extension officer make a due date for the 

agriculturists to pre- deliver the organic 



Proceedings of International Conference “Innovation for Resilience Agriculture”  
October 19-21, 2022, Chiang Mai University, Thailand 
 

134 

 

lettuces 1-2 days ahead. After that, the staff of 

the packing house will prepare the space for 

felicitating the agriculturists to deliver the 

goods more effectively.  When the 

agriculturists weigh the organic lettuces, check 

their quality, and issue a receipt or return the 

goods to the agriculturists in the case that the 

goods are not qualified enough.  Then, the 

packing house staff of the Thung Luang Royal 

Project Development Center will take the 

organic lettuces into the house for trimming 

and containing them in bags. Each bag weighs 

200 grams.  When the process is finished, the 

staff will stock the organic lettuces in the 4-10 

degreed cold storage to wait to deliver to the 

Royal Project Produce Center for the next step. 

4 (  ‘ Delivery’  is the process of sending the 

organic lettuces to the packing house of the 

Royal Project Produce Center.  At the 

beginning of this stage, the delivery staff of the 

Thung Luang Royal Project Development 

Center will park the refrigerated truck around 

the packing house of the Thung Luang Royal 

Project Development Center.  Then take the 

product catalog from the packing house to 

cooperate with the packing house staff to 

transfer the goods from the cold storage to the 

vehicle, along with checking the actual 

number of goods and whether it is correct as 

the indicated number.  After that, the delivery 

staff will choose the directions to delivery and 

call the staff at the plant packing product 

center to confirm the order and to prepare the 

space for delivery.  When arriving at the spot 

to deliver the goods, the delivery staff and the 

staff at the plant packing product center will 

cooperatively recheck the number, weight, and 

quality. 

5( ‘Return’ is the process by which the staff of 

the Royal Project Produce Center will return 

the goods to the delivery staff of the Thung 

Luang Royal Project Development Center 

because the goods are not qualified.  For 

example, the organic lettuces have the spot 

disease and the staff of the Thung Luang Royal 

Project Development Center will take the 

goods back to re- trim and re- transfer for the 

new round. 

2 .3  Packing house of Royal Project Produce 

Center has divided the processes into 5 

activities as follows. 

1( ‘Plan’ is the planning activity for meetings 

to exchange thoughts among the Royal Project 

Produce Development Center, the Royal 

Project Produce Center, and the Royal Project 

Foundation, including for assessing the 

demand for purchase of consumers and the 

ability in the production of the agriculturists. 

Additionally, plan to provide, and deliver the 

materials and equipment which are not 

contrary to the rules of the Royal Project 

Foundation. 

2 ) ‘Procurement’ is the process to purchase raw 

materials or equipment.  In each quarter, the 

packing house staff will take the production 

plan from the marketing officer of the Royal 

Project Fondation for preparing the raw 

materials and equipment.  In the process of 

taking the goods from the agriculturists, it 

includes trimming vegetables, or containers. 

After that, send the purchase order to the 

procurement officer of Royal Project Produce 

Center to pass the order to the stores or 

distributors.  Then, make the due date for 

delivery, including preparing vehicles to take 

the goods which are staff’ s uniforms, boxes, 

and newsprint paper, buy them from the Royal 

Project Fondation, and other equipment, such 

as knives or baskets from stores in Mueng 

district and the Kamtieng market. 

3 (  ‘ Production’  is the process to check the 

weight and quality of the organic lettuces from 

the packing house of the Thung Luang Royal 

Project Development Center.  After that, the 

staff of the packing house will weigh the 

organic lettuces, check their quality, and 

number, or return the crops in the case that 

they are not qualified as mentioned.  In some 

quarters the Royal Project Produce Center 

must trim and contain the organic lettuces in 

each 200- gram bag, depending on the weight 

which is agreed by clients. When the trimming 

and containing processes are finished, the staff 

from the packing house freeze the organic 

lettuces in the 4- 10 degreed cold storage to 

wait to deliver to the clients’ companies for the 

next step. 

4 (  ‘ Delivery’  is the process of sending the 

organic lettuces to the clients’  companies.  In 

the beginning, the delivery staff of the Royal 

Project Produce Center will park the 

refrigerated truck around the transfer area. 
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Then take the product catalog from the 

packing house to cooperate with the packing 

house staff of the Royal Project Produce 

Center to transfer the goods from the cold 

storage to the vehicle. During the transfer, the 

staff, the house packing staff, and the delivery 

staff inform the clients to confirm the orders 

and prepare the area for the goods 

transportation.  When arriving at the goods 

transferring spot, the delivery staff and clients’ 

staff transport the organic lettuces from the 

vehicle to the cold storage of the client’ s 

companies.  During the process, the owner of 

the company will re- check the number, 

weight, and quality of goods. 

5 (  ‘ Return’  is the process by which the 

delivery staff of the Royal Project Produce 

Center takes the goods back from the clients’ 

companies because of unqualified goods.  For 

example, the organic lettuces have the left spot 

disease, or the goods lack weight. 

3. The downstream management 

3 .1  The clients’  companies of 5 activities as 

follows. 

1(‘Plan’ is the planning process for cooperating 

between companies, the Royal project 

foundation, the delivery company, and 

shopping malls for continuing the supply 

chain.  Besides, it involves the plan to procure 

and deliver the materials or equipment.  

2(  ‘ Procurement’  is the process to purchase 

materials and equipment.  In each month, the 

company’ s owner will assess sales of the 

company according to the last statistic.  Then 

make a purchase order of organic lettuces from 

the marketing officer of the Royal Project 

Foundation, which needs to send the order 2 

weeks ahead.  The orders are usually for other 

containers, such as boxes, and the iron crate, 

which can be rented from the shopping mall. 

In addition, the other types of equipment are 

knives, baskets, and gloves from general 

agricultural stores in the Kam Thieng market. 

3(  ‘ Production’  is the process that checks the 

weight and quality of organic lettuces from the 

packing house of the Royal Project Produce 

Center.  In the beginning, stage, after the 

delivery staff of the Royal Project Produce 

Development Center delivers the goods to 

clients’  companies, the company staff weigh 

and check the quality and number of organic 

lettuces. On the other hand, the goods could be 

returned if they are not qualified as mentioned. 

After that, the company staff contain the 

organic lettuces and stock them in the 4–10-

degree cold storage to wait for delivery to the 

shopping mall. 

4(  ‘ Delivery’  is the process by which the 

company hires private transport companies. 

When it is time to deliver, private transport 

companies will take the cold storage truck to 

park at the provided area.  Then, the delivery 

staff will transfer the goods to the truck 

regarding the list of transport, including 

checking whether the specified goods number                                               

was completed. 

5(  ‘ Return’  is the process by which the 

company takes the goods back from the 

shopping mall because of unqualified goods. 

For example, the organic lettuces have the left 

spot disease or the goods lack weight or 

occasionally the compensation could be made 

up with money instead 

 

Discussion 

The upstream management can be 

performed continuously because the fertilizer 

and the seeding departments plan and estimate 

their performant every quarter. Therefore, they 

can modify or improve the deficiency in 

supply chain management.  In addition, the 

Thung Luang Royal Project Development 

Center has assisted and supervised the 

agriculturist in each process from the plan to 

the delivery of products to the packing house. 

However, some agriculturists fail to harvest 

the crops of organic lettuces to achieve target 

crop production in the rainy season due to the 

broken greenhouse.  Because the agriculturist 

built the greenhouse with the bamboo pillar. 

As a result, the greenhouse is not strong to 

withstand a storm and difficult to control 

diseases and insects.  In the source, the 

agriculturist crops many plants in one year. 

Some plant uses different raw materials. 

Consequently, the agriculturist incorrectly 

prepares the raw materials.  Moreover, the 

agricultures assemble groups to produce 

bioextract to accelerate the growth of organic 

lettuces or prevent various diseases for using 

together.  However, the bioextract is not 

sufficient due to mistakenly estimating the 
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1

amount of production. Consequently, it caused 

a production slowdown, and some crops were 

even unqualified.  The Thung Luang Royal 

Project Development Center fail its target to 

deliver the organic lettuces to packing house 

Royal Project Produce Center.  Besides, it 

causes a problem returning the product due to 

unqualify and loss weight with consist with 

Supapunt and Ekasingh )2014(   

In midstream management, the residue 

analysis department and the packing house of 

the Thung Luang Royal Project Development 

Center, and the packing house of the Royal 

Project Produce Center plan in advance to 

procurer equipment and raw materials. In 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

addition, they estimate the ability and the 

agriculturists’  need in advance every quarter. 

Therefore, the supply chain can operate 

continuously and efficiently.  Besides, The 

Royal Project support technology to prevent 

bruised and unqualified problem to every 

Royal Project Development Center and Royal 

Project Produce.  For example, cold storage or 

refrigerated truck which can control cold and 

stable temperature, can store organic lettuces 

5- 7 days with consist with Nopparat et al. 

)2017( 

In the downstream management, the 

owner of customer company was a state 

enterprise, so he was supported by the 

government in terms of knowledge and 

technology.  Therefore, the owner can plan to 

use utilizing  

Figure 1 Supply Chain of Organic Lettuces in Thung Luang Royal by SCOR Model Project 

Development Center 
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material, utilizing resource, well 

transportation. In additional, the company has 

planned and estimate the performance every 

month whether how many products or 

materials should the company order.  As a 

result, the company can continually integrate 

and manage the supply chain with consist with 

Khuptawatin et al. )2016(. 

From the above study, the audient 

suggests the way to increase the efficiency in 

supply chain of organic lettuces in Thung 

Luang Royal Project Development Center as 

follows:  in the make, the agriculturists should 

pre- at- least- three- to- six- moth- purchase 

planning, and the construction of the quality 

greenhouse building by cement pillar, both of 

which were effective solutions to battling the 

issue well. 
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Abstract 

The technological innovations characteristic of the so-called Fourth Industrial 

Revolution )4IR( can transform the agriculture sector into Agriculture 4.0, characterized by 

efficient and technology-based approaches that improve farm productivity, increase food 

production, and farmer income including developing more value adding food products and 

services. However, because there is no uniformity about the advancement of technological 

innovation between developed and developing countries, these countries will not go through 

the same path toward 4IR. In the case of the Philippines, some 4IR technologies are already 

being applied in pockets of agriculture R & D albeit lack of common understanding about 

Agriculture 4.0. Coming up with a clearly defined Agriculture 4.0 through an emic approach 

can help the research and development community understand and determine how to best 

prepare and benefit from this transformation. Real-time Delphi Technique was employed to 

determine the frontier technologies that drive Agriculture 4.0 in the Philippines, and the 

agriculture technologies and innovation systems that are developed and enhanced; and 

eventually the perceive outcomes and impact of the said technological revolution. Based on 

the consensus measure and stability in the Real-time Delphi survey, a total of 10 frontier 

technologies were seen to be shaping Agriculture 4.0 in the Philippines, the application of 

which span the entire agriculture value chain. With its application to the development of a 

contextual definition of Agriculture 4.0 in the Philippines, Real-time Delphi technique was 

demonstrated in this study as an effective tool in developing a contextual definition for 

emerging concepts in development. 

 
Key words:  Agriculture 4.0, Agricultural Development, Fourth Industrial Revolution, Real-time Delphi 
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Introduction 

Agriculture continues to play an 

important role addressing global problems of 

food security and climate change amidst 

growing population and changing 

demographics )de Clercq et al., 2018; FAO, 

2017(. However, the Philippine agriculture 

sector has been facing issues of low 

productivity and technology adoption, as well 

as shortage of value adding rural enterprises, 

since the 1980’s )Habito & Briones, 2005(. 

Even with the passage of the Agriculture 

Fisheries and Modernization Act )AFMA( in 

1997 that aimed to transform the sector from 

resource-based to a technology-based 

industry, the low productivity-enhancing 

investment given to Research and 

Development along with misallocation of 

priorities stifled the growth of the Philippine 

agriculture sector, among other challenges 

)Balisacan & Hill, 2003(. 

The technological innovations 

characteristic of the so-called Fourth Industrial 

Revolution )4IR( are deemed to address 

challenges of food security and productivity 

amidst changing climate, within an enabling 

environment )Santos Valle & Kienzle, 2020(. 

These breakthrough technologies are 

perceived to push for positive economic, 

social, environmental outcomes in general and 

even accelerate achieving the Sustainable 

Development Goals )SDGs( in particular 

)World Economic Forum, 2020(. They can 

transform the sector into Agriculture 4.0, 

characterized by efficient and technology-

based approaches that improve farm 

productivity, increase food production, and 

farmer income including developing more 

value adding food products and services 

)Santos Valle & Kienzle, 2020(.  

Agriculture 4.0, Intelligent Agriculture, 

Digital Farming, or Smart Farming have been 

interchangeably used to characterize modern 

agriculture practices that are mainly 

technology and data-driven )Sponchioni G et 

al., 2019(. The concept was said to have been 

initiated by and is based on Precision 

Agriculture principles that use only the needed 

inputs when and where they are exactly needed 

)Saiz-Rubio & Rovira-Más, 2020(. However, 

unlike Precision Agriculture, Digital or Smart 

Farming which only focus on the application 

of modern technologies to on-farm activities 

)Klerkx et al., 2019; TESDA, 2020(, 

Agriculture 4.0 goes beyond production 

systems. Accordingly, there is no single 

definition of Agriculture 4.0 to date, although 

various definitions presented in different 

literature present common categories and 

themes )da Silveira et al., 2021; Eastwood et 

al., 2021; Liu et al., 2021; Trendov et al., 

2019; Sponchioni G et al., 2019; WEF, 

2020).(.  

 

Agriculture 4.0 in the Developing Countries 

Most parts of the world are seen to eventually 

be affected by 4IR, directly or indirectly, 

positively or negatively with the globalized 

nature of value chains )United Nations 

Industrial Development Organization, 2019(. 

The same holds true for Agriculture 4.0 

impacts and outputs which Mühl & de Oliviera 

)2022( expounded to cover society, 

environment, and economy. But while 

developed countries have had considerable 

initiatives on 4IR, there is still limited 

activities among developing countries, 

including the Philippines )Kim et al., 2019(, 

mirrored subsequently with Agriculture 4.0 

and its various technologies and innovations. 

Because there is no uniformity on the 

advancement of technological innovation 

between developed and developing countries, 

these countries will not go through 4IR the 

same way )Roodt & Koen, 2020(. As 

supported further by UNCTAD )n.d.( 

countries have varying levels of productivity 

brought about by the difference in tacit 

knowledge, physical investments, as well as 

social and political support which are part of 

the enabling environment for technological 
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innovation. This difference in perspective has 

been expounded by several studies. For one, 

developed or advanced countries leverage on 

the 4IR technologies in increasing growth, 

product diversity, productivity, flexibility and 

at the same time lowering production, 

transaction, communication, and labour costs. 

While for developing countries like the 

Philippines, Agriculture 4.0 becomes an 

opportunity to ‘leapfrog’ the growth 

trajectory, by using the frontier technologies as 

means to catch up faster with technological 

frontrunners )Pianta, 2019(. The same concept 

of “leapfrogging,” was also emphasized by 

Adhikari )2020( who underscored how 

developing societies can future-proof by 

investing in Science, Technology, 

Engineering, and Mathematics )STEM( 

education, aside from vocational training.  

Logically, global economies, societies, and 

production systems are already entering this 

technological revolution. But without a clear 

understanding of what enabling technologies 

are included in the revolution it would be 

difficult to understand how they are perceived 

by different stakeholders and the inequitable 

outcomes and impacts they may have across 

society. Likewise, coming up with a clearly 

defined Agriculture 4.0 that conforms to the 

Philippine socio-cultural, economic and 

political conditions can help the R&D 

Community determine how to best prepare and 

benefit from this transformation.  

This study aimed to establish how 

R&D community in the Philippines define and 

characterize Agriculture 4.0 using Real-time 

)RT( Delphi Technique. To date, Delphi 

technique has been used widely for futures 

research, in planning, decision making, and 

policy studies; but RT Delphi, particularly its 

asynchronous application, needs further 

development )Gordon & Pease, 2006(. This 

study also contributes to the growing body of 

knowledge in development studies by 

providing proof of concept particularly on RT 

Delphi as it applies to Agriculture in the 

Philippine setting. 

 

Methodology 

To define and characterize Agriculture 

4.0 in the context of the Philippine R&D, a 

qualitative research approach was used by the 

study. The emic perspective or “insider’s 

worldview” concept of qualitative research 

considers socio-cultural context among other 

drivers. Simply put, an interpretivist 

epistemology of qualitative research puts more 

emphasis on understanding Agriculture 4.0 

through an examination of the interpretation of 

such by its experts )Bryman & Bell, 2011(. As 

defined by Smith )2021(, experts have three 

core characteristics, namely competency, 

qualification, and principle. Within an 

exploratory sequential research design, such 

constructivist principle of qualitative research 

is deemed more suitable in evaluating multiple 

perspectives and obtaining deep awareness of 

the culture and society being studied )Creswell 

& Plano Clark, 2018(.  

 

Real Time Delphi 

While there may be a wealth of information on 

Agriculture 4.0 and 4IR, studies that are 

specific to developing countries, particularly 

the Philippines are still very limited )Kim et 

al., 2019(. When availability of information is 

limited, the Delphi technique, is considered as 

an appropriate scientific method to generate 

insights on either current or emerging issues 

)Beiderbeck et al., 2021(. As a research 

approach, the Delphi technique is considered 

useful in collecting and synthesizing informed 

opinion on a specific topic particularly where 

knowledge or information are still not 

comprehensive )Vax et al., 2021(, highly 

context and expertise specific, or future-

oriented )Fletcher & Marchildon, 2014(.  
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The Delphi technique was developed by the 

RAND Corporation in the late 1950s, when it 

investigated the political and social impact of 

future technology for military purposes 

)Gordon & Pease, 2006(. While the original 

technique has had several modifications, the 

four main characteristics of the Delphi method 

remain; these are )1( anonymity; )2( controlled 

feedback, )3( statistical aggregation of group 

response, and )4( iteration )Gnatzy et al., 

2011(. Because of the anonymity and 

controlled feedback Delphi technique avoids 

potentially detrimental group dynamics among 

the experts, contrary to focus groups and other 

in-person brainstorming techniques 

)Beiderbeck et al., 2021(.  

Thus, this study made use of the Delphi 

technique to define and characterize 

Agriculture 4.0 in the context of Philippine 

R&D, including its frontier technologies, 

readiness dimensions and related fields. In 

particular, a Real-Time )RT( Delphi through 

online platform was used. Contrary to the 

conventional technique, RT Delphi does away 

with the sequential rounds of the original and 

modified Delphi, which makes the process 

more efficient )Gordon & Pease, 2006(. The 

said approach circumvents the repetitive and 

multiple feedback nature of conventional 

Delphi methods, which increases the 

likelihood of drop-outs and low response rates 

)Gnatzy et al., 2011(.  Likewise, the 

accessibility and interactive capacity of the 

internet and smart devices characteristic of the 

4IR paved the way for online software systems 

to make data collection and analysis of such 

approach more efficient )Varndell et al., 

2021(. Choosing the web-based software 

program for RT Delphi is also needed for a 

better user-experience as it takes advantage 

digital technologies of the current era. As such, 

the study adopted Aengenheyster et al. )2017( 

recommendation of using Calibrum’s 

proprietary online software Surveylet based on 

data output, user-friendliness, and ease of 

administration. 

The study ran asynchronously, meaning expert 

participants entered the platform at their most 

convenient times and the group consensus and 

their answers, as well as comments from other 

experts are seen. However, as in any Delphi 

technique, all comments were anonymous. 

 

Desk Research  

Schmalz et al. )2021( considered conducting a 

literature or desk review as an indispensable 

component of a Delphi study. As expounded 

by Beiderbeck, et al )2021(, desk reviews may 

not necessarily need to be confined to those in 

published in scientific journals, particularly 

when existing literature are limited. The desk 

research for this study then included academic 

papers, and seminal reports from reputable 

international and local organizations such as 

FAO, UN, Worldbank, APO, ADB, WEF, DA, 

DOST, TESDA published from 2016 up to 

present were examined. Google Scholar, 

EBSCO, Science Direct and Web of Science 

were searched using predefined keywords. As 

inclusion/exclusion criteria, articles should 

have explicitly defined Agriculture 4.0 or 

related concepts, identified frontier 

technologies or skills/competencies. Articles 

have been written in English and accessible 

through the institution. 

From the literature gathered, three themes 

emerged related to Agriculture 4.0 definition, 

namely: enabling/frontier 4.0 technologies; 

agriculture technologies and innovative 

systems; and perceived outcomes and impact 

of Agriculture 4.0.  

 

Choosing the Experts for the Delphi Panel 

The participants of the Delphi process also 

called the Delphi panel, are considered 

experts, well-versed, competent, and 

experienced in the research topic or target 

issue )Habibi et al., 2014; Whitehead & Day, 
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2013(. This study purposively sampled 

scientists and researchers considered as 

agriculture R&D experts who have 

considerable knowledge, education and 

training, and hands-on experience on 

Agriculture 4.0. in the field of science and 

technology in agriculture. Choice of the 

members for the Delphi panel was extremely 

important as the validity of the results hinges 

on their competence and knowledge )Gordon 

& Pease, 2006; Habibi et al., 2014b(. The 

study also used as guide the core 

characteristics of experts, namely competency, 

qualifications )education, training, 

certification, and hands on experience(, and 

principles or that which pertain to an 

individuals’ beliefs, morals, and ethics )Smith, 

2021(. 

Various studies have varying 

recommendations on the number of members 

in a Delphi panel. Some have indicated that 

10–15 subjects could be sufficient for 

homogeneous Delphi subjects )Taylor, 2020(, 

while some observed that majority of Delphi 

panels are between 15 and 20 respondents 

)Hsu & Sandford, 2019(. For this study, a list 

of project and program leaders of R&D 

projects funded by DOST-PCAARRD that fall 

within the Agriculture 4.0 general definition 

served as initial list of target participants. 

Snowball sampling was then employed to 

ensure that most 4IR frontier technologies 

have been covered. A total of 32 experts were 

invited to take part in the study, and 24 

accepted the invitation. These were composed 

of scientists and researchers from HEIs, 

Regional and National R & D Centers, DOST 

Balik Scientists and from private sector.  

 

Data analysis 

Consensus measurement is the central part of 

a Delphi survey. However, different Delphi 

studies have theorized consensus differently 

and no standards have been set on which 

criteria is best )Giannarou & Zervas, 2014; 

Habibi et al., 2014a; Trevelyan & Robinson, 

2015(. Thus, it is significant that the level of 

consensus and stability is defined a priori 

)Varndell et al., 2021(. A study on the various 

measures of consensus and stability in Delphi 

studies recommended employing a 

combination of statistics to reduce subjectivity 

and ensure validity of results )Trevelyan & 

Robinson, 2015(.  

Since the study questionnaire consisted of 

ordinal variables, median is considered the 

robust consensus measure among the 

Measures of Central Tendency )Hsu & 

Sandford, 2019(. Aside from the median, this 

study defined consensus to be achieved if ≥ 51 

% of experts ranked the item ≥ 4 on the 5-point 

Likert scale and coefficient of variation )CV( 

is < 0.5 as recommended by Strasser )2019(. 

Variables whose values fall below the said 

measures were considered to have "weak 

consensus” or dissent. Interquartile range 

)IQR(, mode and arithmetic mean were also 

determined and presented. 

 

Procedural Framework for RT Delphi 

A comparative study by Habibi et.al )2014( 

presented a theoretical framework for the 

application of the Delphi technique in the 

qualitative decision-makings. The said 

framework is particularly appropriate for 

qualitative research to achieve consensus 

when developing sets of indicators. Key 

variables in the framework include the process 

of selecting experts identified usually through 

snowball sampling technique; Likert scale to 

gather the experts' opinions; and a consensus 

and stability measure to determine the 

agreement and end of the Delphi technique. 

The said theoretical framework is seen in 

Figure 1. 
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Figure 1. Procedural framework of Delphi technique in qualitative research (Habibi, et.al, 2014) 

 

For this study, the Delphi questionnaire consist 

of a 5-point Likert scale that establishing ed 

the importance of the items where 1=not at all 

important, 2= slightly important, 3= 

moderately important, 4=very important, 5= 

extremely important. Each item was also 

provided a comments section, that allowed 

participants to elaborate on their responses. 

These comments served as inputs to other 

experts to help them make informed decisions. 

The survey also made use of the adaptive 

question feature of Surveylet so that the 

experts can input additional items or variables 

that they think were not included in the 

original list but are deemed important. These 

additional items were then rated also by the 

other panel members using the same Likert 

scale. 

In defining and characterizing Agriculture 4.0 

in the context of Philippine R & D, the survey 

was composed of three main sections. The first 

section looked into identifying the enabling or 

frontier technologies that shape Agriculture 

4.0 in the country. This is a critical first step 

considering that what is deemed to be 

“frontier” relies on context of the society 

)UNESCAP, 2018(. The second part 

enumerated the various agriculture technology 

and innovations that make use of the various 

4IR frontier technologies in various stages and 

processes of the agriculture value chain. The 

third part of the questionnaire aims to establish 

the perceived outcomes and impact of using 

4IR and Agri 4.0 technologies and strategies. 

The link to the survey were sent to all 

participants through the email addressed they 

provided, which also included a consent to 

participate. Every week, experts were updated 

through email of the status of the survey; prod 

those who have not yet provided their inputs; 

and alert of any changes in consensus. Experts 

were also urged whenever new items have 

been added by experts in the Delphi, which 

need their review and rating. At the end of each 

stage, the results of the Delphi were processed 

and presented to the experts for validation and 

further discussion.  
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Results and Discussion 

The following section discusses the 

results of the Delphi study including the 

feedback given by the participants. A Real-

Time Delphi was conducted in April 2022 

which focused on defining and characterizing 

Agriculture 4.0 in the context of the Research 

and Development community in the 

Philippines. From the 24 experts who accepted 

the invitation, 22 were able to eventually 

participate in the survey, accounting for a 92% 

response rate. 

 

A.  What is Agriculture 4.0? 

Apparent in the various Agriculture 4.0 

literature reviewed, technologies that have 

shaped the Fourth Industrial Revolution serve 

as the backbone for Agriculture 4.0 )Bigliardi 

et al., 2020; da Silveira et al., 2021; de Clercq 

et al., 2018; Klerkx & Rose, 2020(. While 

frontier technologies mentioned differ from 

one literature to another, these 4IR 

technologies in general are anticipated to 

enhance agriculture technologies and systems 

which are regarded as tools to improve 

production efficiency )United Nations 

Industrial Development Organization, 2019(. 

A report of the European Commission 

considered Agriculture 4.0 as the 

“development and introduction of new tools 

and machines in production including 

deployment of sensors for precision 

agriculture, automation, new measurement 

tools like drones, satellite imagery; where 

connectivity is the cornerstone of this 

transformation and IoT a key enabling 

technology that is increasingly part of 

agricultural equipment,” )Bonneau et al., 

2017(.  

On the other hand, the Food and Agriculture 

Organization of the United Nations prefer 

digital agricultural revolution or digital 

agriculture and characterizes it as “systems 

that are highly productive, anticipatory and 

adaptable to changes such as those caused by 

climate change; and will result to greater food 

security, profitability and sustainability,” 

)Trendov et al., 2019(. More than using the 

technologies of 4IR, digital agriculture can 

change how the entire agri-food system value 

chain works, from sourcing the necessary 

inputs, to production, distribution, processing 

and retailing of the harvest to optimizing end-

consumer experience )Serraj & Pingali, 2020(. 

While the frontier technologies of Industry 4.0 

serve as the foundation of Agriculture 4.0, 

these technological breakthroughs serve as 

inputs in the enhancement of existing or 

development of new agriculture technologies 

or technological innovation systems. 

However, beyond simply employing modern 

technologies of 4IR for improved practice, De 

Clercq, et al )2018( emphasized sustainable 

utilization of frontier technologies to address 

the food scarcity on both the demand and 

supply side of agriculture. While smart 

farming or precision farming focuses on using 

frontier technologies for on-farm activities 

)Sponchioni G et al., 2019(, Agriculture 4.0 in 

general revolutionizes the entire agri-food 

system value chain, from sourcing the 

necessary inputs, to production, distribution, 

processing and retailing of the harvest to 

optimizing end-consumer experience )da 

Silveira et al., 2021; Serraj & Pingali, 2020(. 

Eastwood, et al )2021( uses the term digital 

agriculture to pertain to the wide range of 

digital tools beyond the individual farm and 

into the supply chain. For instance, with 

blockchain technology and IoT as applied in 

supply chain management can enable 

smallholder farmers can directly transact with 

buyers, inputs suppliers, financial institutions, 

insurance companies, and other development 

partners within a trusted ecosystem; and 

provide access to delivery services and real-

time market information, through SMS and 

voice services )Diem & Do, 2020; Quayson et 
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al., 2020(. As Agriculture 4.0 enhances the 

marketing and business side of the sector, 

OECD complements that the technological 

revolution will also feature agribusiness start-

ups, also known as “Agtechs”, as leaders in 

digital agriculture )Campos, 2019(. Remote 

sensing technologies have also been used to 

monitor agriculture production and generate 

data to be stored in a platform that empower 

farmers and producers for information-based 

decision making )Santos Valle & Kienzle, 

2020(.  

 

B. The context of Agriculture 4.0 in 

Philippine R&D practice 

By virtue of the Agriculture and Fisheries 

Modernization Act of 1997 )AFMA(, the 

Philippine government’s agenda has been 

toward the modernization of the agriculture 

and fisheries sector. As this implies 

transformation from a resource-based to a 

technology-based industry, the advent of Agri 

4.0 is a welcome development. The question 

however remains whether widely accepted 

notions of the concept can be in located in 

current agriculture R & D practice in 

Philippines. This study sought to provide such 

context through the application of the RT 

Delphi to identify local experts’ appreciation 

of technological frontiers that have been 

shaping or have the potential to revolutionize 

the agriculture R & D community into 

Agriculture 4.0. 

Table 1 summarizes enabling technologies of 

the 4IR that can be harnessed by the R & D 

community in the Philippines to transform the 

Agriculture, Aquatic and Natural Resources 

)AANR( sector into Agriculture 4.0. taking 

into consideration the available human capital, 

financial resources, policies, and other 

resources. Among the technologies listed, 

augmented reality )AR( and blockchain 

technologies received weak consensus. 

According to the experts, there is “no 

perceived practical use” for AR at the 

moment, and that “the unfamiliarity of small 

holder of farmers with AR-based technology” 

makes it less important to Agriculture 4.0 in 

the Philippines. Meanwhile, blockchain 

technology for Agriculture is something 

“unfamiliar” even to most of the experts in the 

panel. However, considering the value-chain 

perspective in the contextual definition, 

blockchain, particularly how it relates to 

agriculture supply chain management may be 

given attention by the R & D community.  

On the other hand, field and remote sensing 

technologies according to the experts are 

considered highly important not just to 

agriculture, but also to “many fields of 

endeavor such as health, medicine, 

agriculture, forestry etc.” This is because they 

are needed “for proper assessment of the state 

of the systems and environment where the 

agricultural systems are contextualized; 

without these, we do not get consistent, 

frequent and real-time information.” Remote 

sensing is the art and science of obtaining 

information about real-objects or areas from a 

distance without having direct or physical 

contact with the object. Remote sensing is a 

technique for monitoring the earth's resources 

that combines satellite technology with surface 

observations for higher precision and accuracy 

)Menon, 2012(. 

Remote sensing technologies are used to 

monitor agriculture production and generate 

data to be stored in a platform that will 

empower farmers and producers for 

information-based decision making. Project 

SARAI’s real-time crop monitoring and 

forecasting system for selected crops uses a 

combination of remote sensing, GIS, weather-

data, and field monitoring reports  

The rich experience of the Philippine R & D in 

the field of biotechnology could account for its 

high awareness and importance in Agriculture 

4.0. Biotechnology R & D in the Philippines 
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looks at harnessing the potential of this 

cutting-edge technology to increase the 

productivity of all the commodities in the 

agriculture and fishery sectors. As expounded 

by the experts “in tandem with genetics, 

[biotechnology] can provide solutions to 

problems facing crop productivity and 

pestilence.” And because the field is broad, 

there is also “vast application of 

biotechnology.”  

 

Table 1. Enabling/Frontier Technologies of Agriculture 4.0 

 

Enabling Frontier Technology % ≥ 4 Median Mean Mode CV IQR 

1 Internet of Things )IoT(/ Connectivity 95 4      4.43  4          0.13  1 

2 Big Data 95 4      4.43  4          0.13  1 

3 Sensors and remote sensing technologies 100 5      4.76  5          0.09  0 

4 Augmented Reality 25 3      2.90  4          0.30  2 

5 Robotics and automation 86 4      4.29  5          0.17  1 

6 

Artificial Intelligence )AI( and Machine 

Learning 90 5      4.55  5          0.15  1 

7 Unmanned Aerial Vehicle )UAVs(/ Drones 90 4      4.24  4          0.15  1 

8 Advance Genomics/Gene Editing 95 5      4.58  5          0.13  1 

9 Nanotechnology 89 5      4.47  5          0.15  1 

10 Biotechnology 100 5      4.79  5          0.09  0 

11 3D printing/ Additive manufacturing 68 4      3.74  4          0.20  1 

12 Block chain 50 3.5      3.56  3          0.22  1 

 

As described by UNESCAP )2018(, while the 

4IR does not have a definite set of frontier 

technologies. But in general, these pertain to 

General Purpose Technologies that have the 

potential to re-shape the economy and boost 

productivity across all sectors and industries. 

Evidenced by the technologies identified in the 

exercise, some enabling or frontier 

technologies in the Philippines are “new” but 

in other cases, they are also more established 

technologies but are bundled together to 

achieve a more effective and efficient purpose. 

In the case of the Philippine R & D 

community, the frontier technologies for 

Agriculture 4.0 identified were geared towards 

improvement of agriculture input and 

production which still largely characterize the 

agriculture R&D priorities in the country. For 

instance, while the IoT has been used heavily 

with remote sensing, big data and AI for ADSS 

which are still on crop management, other 

development organizations are already 

evaluating the effectiveness of digital financial 

services in agriculture transactions that include 

savings, accessing credit and insurance, and 

performing transactions via digital channels 

)Denyes et al., n.d.; Martin et al., 2016; 

Varangis et al., 2021(. 

Accordingly, resources, skills base, and 

competing priorities of the sector are still 

predominantly focused on these parts of the 

agriculture value chain, which were seen 

through the Delphi panel mix. Frontier 

technologies and corresponding agriculture 

innovations that the Delphi panel were 

unfamiliar with, were deemed not as 

significant compared with those technologies 

and innovations that have been widely used in 

the country, such as those for enhancing agri-

food supply chain. However, it is worthwhile 

to note that the holistic approach to agriculture 

that covers the entire agriculture value chain is 

now being appreciated informed by the agri-
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entrepreneurship mindset and accompanying 

digital technologies. 

 

B. Agriculture 4.0 Technology and 

Innovation System 

The RT Delphi activity was able to identify 

and validate game-changing technologies and 

innovation systems that will push forward 

Agriculture 4.0. )Table 2(. )PCIC Pursues 

Digitalization of Processes amid COVID-19 

Pandemic, 2021(. 

 

Table 2 Agriculture 4.0 Technology and Innovation Systems 

Agriculture 4.0 Technology and Innovation System % ≥ 4 Median Mean Mode CV IQR 

1 

Geographic Information Systems )GIS( and 

Global Positioning System-based farming 100 5      4.81  5          0.08  0.00 

2 Smart Devices )e.g. smartphones, tablets( 100 5      4.86  5          0.15  0.00 

3 

Variable Rate Technology )e.g. fertilizers and 

chemicals, irrigation, seedings( 94.45 5      4.61  5          0.13  1.00 

4 

Field Sensors )e.g. water availability, soil 

compaction, soil fertility, leaf temperature, leaf 

area index, plant water status, local climate data, 

insect-disease-weed infestation( 100 5      4.76  5          0.09  0.00 

5 

Genomics-assisted breeding )e.g. new breeds 

with improved yields and resistance, crops with 

particular vitamins and minerals( 100 5      4.75  5          0.09  0.25 

6 

Modern Farming Systems )e.g. vertical and 

urban farms; hydroponics, aquaponics( 95.23 5      4.57  5          0.13  1.00 

7 

Agriculture Decision Support Systems through 

predictive analytics )e.g. crops, flood, drought, 

disease management, etc.( 100 5      4.76  5          0.09  0.00 

8 

Digital & Data-driven agriculture supply chain 

management )e.g. agricultural management 

platforms, RFID tags( 95.24 5      4.62  5          0.13  1.00 

9 

Agro/Food Processing )e.g. cultured meat, 

unique food formulation( 75 4      4.20  5          0.20  1.25 

10 

Internet-based business models )e.g. suppliers, 

distribution channels, transportation modes, 

inventories( 94.74 5      4.42  5          0.17  1.00 

11 Satellite Imagery 84.22 4      4.26  4          0.17  1.00 

12 Unmanned Delivery Systems 50 3.5      3.57  3          0.24  1.00 

13 Digital Crop Insurance 83.33 5      4.08  4          0.16  0.25 

14 Simulations )ability to forecast likely outcomes( 100 5      5.00  5              -    0.00 

 

Because of the twin-challenge of climate 

change and food security, there is that need to 

produce more with less resources. As such the 

concept of precision agriculture within the 

Agriculture 4.0 umbrella takes a more critical 

role. In precision agriculture, using GIS and 

GPS have been used widely in the Philippines. 

4IR technologies such as IoT, Big Data, and 

AI have further enhanced these geospatial 

technologies to “generate information that 

otherwise would have taken a long time to 

gather.” Another technology within the 

domain of the precision agriculture that makes 

efficient utilization of agriculture inputs 

achievable is VRT. Based on the Delphi, VRT 

is regarded as an important component of 

Agriculture 4.0 primarily “considering the 

cost of inputs for crops…to save on cost and 

actual amount of such resources.” Smart 

agriculture field sensors are also deemed 

important for the Philippine Agriculture 4.0 

since they “quick responding to impending 
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devastation of planted crops due to 

environment or externally-triggered 

physiological changes occurring in crops.” 

The adaptive question feature of Surveylet, 

enabled experts to input additional items that 

they think were not included in the original list 

but are also important.  Among those added, 

digital crop insurance received consensus 

decision. As mentioned by a participant, 

“farmers who invest in planting crops should 

be protected from unforeseen events that can 

yield to loss in their crops.” Using digital tools, 

particularly online platforms through 

blockchain technology for insurance 

registration and filing and processing of 

claims, among other activities have already 

been initiated by the Philippine Crop 

Insurance Corporation and private partners 

)PCIC Pursues Digitalization of Processes 

amid COVID-19 Pandemic, 2021(. 

Digital transformation in agriculture offers 

ways to implement modern farming practices, 

which is very timely in the light of our food 

security problems )Abbasi et al., 2022(. While 

the panel deem such modern farming practices 

an important component of Agriculture 4.0, it 

was cautioned that “inputs needed are 

challenging for these technologies to make a 

dent in crop production.” 

 

C. Perceived Outcomes and Impacts of 

Agriculture 4.0 in the Philippines 

Agriculture is inarguably a development 

concern; and to fully understand what 

Agriculture 4.0 entails for the R & D 

Community in the Philippines, this study 

attempted to identify the perceived outcomes 

and impacts of using the enabling and frontier 

technologies of 4IR in the Philippine 

agriculture. Anticipating these outcomes and 

impacts – both positive and negative - is 

considered an important dimension of 

responsible innovation, which many studies 

have argued should be given due consideration 

within the technological transformation 

)Klerkx et al., 2019; Klerkx & Rose, 2020; 

McCampbell et al., 2022(. Table 3. Presents 

the results of the Delphi survey relating to the 

said topic. There was consensus on all items 

presented; and there were no new items added 

by the participants.

Table 3 Perceived outcomes and impacts of Agriculture 4.0 in the Philippines 

  % ≥ 4 Median Mean Mode CV IQR 

1 Economic       

 

Improve agriculture inputs )e.g. varietal 

improvement for seeds/planting materials; 

fertilizers; pesticides( 94.44 4.5 4.44 5          0.14  1.00 

 Increase agriculture productivity 100 5 4.83 5          0.08  0.00 

 

Increase farmer and agri-entrepreneurs 

income 100 5 4.83 5          0.08  0.00 

 

Enhance distribution, agro-processing, and 

marketing )value-chain( 100 5 4.67 5          0.10  1.00 

 Improve competitiveness 100 5 4.67 5          0.10  1.00 

2 Environmental       

 Boost climate resiliency 100 5 4.67 5          0.10  1.00 

 More efficient use of resources )less inputs( 100 5 4.72 5          0.10  0.75 

3 Social/Health       

 Improve nutrition 94.45 5 4.61 5          0.13  1.00 

 

Attract more youth back into agriculture 

schools 88.88 4 4.33 4          0.16  1.00 

 

Attract more youth back into agriculture-

related profession 88.88 4 4.33 4          0.16  1.00 
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 Safer production 94.12 5 4.47 5          0.14  1.00 

 

As validated by the participants, Agriculture 

4.0 within an enabling environment can help 

achieve improvements in agriculture inputs 

such as seeds/planting materials, fertilizers, 

pesticides, feeds )livestock(.  This is 

considered an extremely important outcome 

“given the natural limitations of existing 

crops, the changing environment, and the 

increase in population.” 

Meanwhile, increased agriculture productivity 

as an anticipated outcome of Agriculture 4.0 is 

considered also extremely important as it 

relates to food security and climate change, as 

well as producing goods for other sectors such 

as manufacturing. Along with increased 

productivity, Agriculture 4.0 can also help 

farmers and agri-entrepreneurs increase their 

income. With improved income, farmers are 

also motivated to become ágri-entrepreneurs 

themselves “that "see agriculture as a career 

and profession.” 

“Increasing income is a good incentive for 

farmers to continue to engage in productive 

activities such as agriculture.” 

Improved production efficiency and yield 

through Agriculture 4.0 can also improve our 

export industry. With “regional economies are 

becoming borderless, new tech should bring in 

competitive if not comparative advantages to 

enter and survive the competition.” 

Aside from the economic impact, the 

sustainable practices associated with 

Agriculture 4.0 can also help boost climate 

resiliency, albeit “difficult given the country's 

location and the worsening of climate events.” 

Nonetheless, the modern technologies are still 

anticipated to “introduce new modalities for 

production that will minimize climate impact 

to food production.” 

The social outcome and impacts pertain to 

bringing more youth involved in agriculture 

first through education, and eventually 

through profession. “Currently, there is a very 

sharp decline of youth going to the agri-

related professions because it is viewed as a 

dead-end profession that has no financial 

reward. With Agri4.0 we can introduce the 

experience that there is a professional future 

with agriculture that can be a fulfilling 

career.” On the other hand, health related 

outcomes and impact cover improved nutrition 

and food safety. “Using enabling 

technologies. We are able to establish food 

traceability and document the journey of the 

food we consume.” The concept of food 

traceability is related with blockchain, which 

based on the first part of the Delphi was 

evaluated not as important as other enabling 

technologies. 

 

Conclusion 

Following the emic perspective that 

recognizes foremost the socio-cultural setting, 

a definition and characteristics of Agriculture 

4.0 within the context of the Philippine 

Research and Development sector were drawn 

through desk research and real-time Delphi 

technique. Recognizing the themes that 

emerge in defining Agriculture 4.0, and 

validated through the Real-Time Delphi 

technique, this study defines Agriculture 4.0 in 

the Philippines as the range of concepts and 

technologies of IR 4.0 used to develop and 

improve agriculture innovations and systems 

across the value chain that will enhance 

agriculture productivity, income, 

environmental sustainability, and food and 

nutrition security. 

Frontier technologies that are seen to be 

influential to Agriculture 4.0 in the Philippines 

include biotechnology, sensors and remote 

sensing technologies, AI and machine 
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learning, advance genomics and gene editing, 

nanotechnology, 3D printing and additive 

manufacturing, unmanned aerial vehicles or 

drone, IoT, Big data, and robotics and 

automation.  

On the contrary, blockchain in Agriculture 

R&D may not be as relevant as the other 

technologies and may still be in its infancy, but 

more research on its uses in the Philippines 

should be revisited. This is because the said 

technology is seen as a critical backbone in 

several aspects of the agriculture value-chain 

including digital crop insurance, supply chain, 

and food safety/traceability. Thus, awareness 

and appreciation of the said technology may be 

a good initial step to enable Agriculture 4.0 to 

span the value chain. 

Finally, as seen in this exercise, RT Delphi can 

be a good method to determine expert 

consensus on the definition of Agriculture 4.0, 

particularly identifying the frontier 

technologies in the Philippines as well as their 

application within the agriculture value chain. 

Selection of experts is a critical step in the said 

process, aside from setting the consensus and 

stability measures. Constant communication 

and updating of results with expert participants 

within the duration of the survey also 

contributes to high response rate and expert 

engagement. Because the technique entails 

considerable time, resources, and commitment 

from the Delphi panel, dropouts can happen 

especially when participants have multiple 

tasks at hand. Nonetheless, the asynchronous 

nature of the online survey is an advantage as 

the participants can access the questionnaire at 

their most convenient time. Lastly, the 

presentation and validation of results with the 

expert participants is deemed as an important 

process in the RT Delphi to ensure that 

ambiguous statements as well as dissent are 

clarified; and consensus are further affirmed.  
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Abstract  

The study was conducted to evauate the growth and yield response of black soybean )Glycine 

max L.( to the different levels of organic fertilizer )OF( supplemented with fish amino acid )FAA( 

and to establish the ideal rate of organic fertilizer for black soybean. The experiment used 

Randomized Complete Block Design )RCBD( with seven treatments and three replications. The 

treatments were: T1 – control; T2 – 2 t ha-1 OF w/ FAA, T3 – 4 t ha-1 OF w/ FAA, T4 – 6 t ha-1 OF 

w/ FAA, T5 – 8 t ha-1 OF w/ FAA, T6 – 10 t ha-1 OF w/ FAA and T7 – inorganic fertilizer. Based on 

the growth and yield parameters gathered, application of 2, 4, 6, 8, and 10 t ha-1  of OF with FAA 

recorded early flowering and maturity. It has a comparable result of length of pods to inorganic 

fertilizer. While application of 4, 6, 8, and 10   t ha-1 OF w/ FAA revealed comparable result to 

inorganic fertilizer in terms of total numbers of pods per plant and total numbers of filled pods per 

plant. However, in general, application of inorganic fertilizer has better performance in terms of 

weight of 100 seeds, plant height, number of nodules, late flowering and maturity which enables the 

longer duration of development of seeds and leads to heavier weight compared to other treatments. 

 

Key words: Early flowering, Filled pods, Ideal rate, Number of pods per plant, Randomized 

Complete Block Design  

 
 

Introduction 

Soybean )Glycine max L.( production 

in the Phiilippines is only 1% and 99% imports 

from the United States for food and feed 

requirment. The Department of Agriculture 

)DA( estimates domestic production of 

soybean at around 2,000-3,000 tons per year 

which goes entirely to the food industry with 

an average of P30 per kilo )Corpuz, 2020(. In 

2020, Surigao del Sur is the top producing 

province of soybean )PSA, 2020(. The 

varieties planted are native yellow and black 

soybean and majority of the farmers do not 

apply fertilier )Dela cruz and Neric, 2016(. 

Black soybean is preferred to plant by 

the farmers due to its high yield and resistant 

to insect pest and diseases. The average 

yield/ha of black soybean is 1,636 kg beans 

under conventional and no fertilizer 

application system )Dela cruz and Neric, 

2016(. Recently, the demand for organic 

soybean products arises due to the 

manufacturing of food and beverage industry, 

cosmetic industries, and animal feeds. The 

necessity of living healthy lifestyle among the 

consumers is fuelling the demand for organic 

soybean in the country. 

Organic fertilizer )OF( is a natural 

fertilizer produced by the decomposition of 

plant and animal waste. It is found to be an 

appropriate way in maintaining plant growth 

and soil fertility )Ji et al., 2017(. It has been 

notably shown to help preserved natural 

mailto:dioniebarrientos@clsu.edu.ph
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resources and reduce degredation of 

ecosystem )Mader et al., 2002; Francis and 

Danile, 2004(. As a result, organic agriculture 

has become an alternative technology which 

encourages the use of natural organic 

compounds such as plant residues, manure, 

mulch, and compost )Shannon et al., 2002(. 

Fish amino acid )FAA( is a great foliar 

fertilizer for plant leaves and soil because it is 

rich in amino acid types )Ramesh et al., 2020( 

and contains 90% nitrogen and 2.5% of 

phosphorus )ATI, 2011( that is essential for 

growth and development of crops at vegetative 

stage )Hubilla, 2020( and affect the number of 

flower and total yield of the plant )Lacaden, 

2016(. It is prepared by mixing fish waste, 

together with brown sugar and left for 

fermentation )Ramesh et al., 2020(. 

The Philippine government has invested in 

research and development for organic 

fertilizers to support farming activities by 

increasing yield but at the same time 

minimizing input cost by turing to traditional 

knowledge and cheaper sources of organic 

material for organic fertiizers production 

)Lasaca, 2012(. However, the recommended 

rate of organic fertilizer for black soybean was 

not yet established. Determining the needed 

amount plays an important role in the organic 

production system of farming. Hence, the 

study aimed to evaluate the growth and yield 

response of the black soybean using different 

level of application of organic fertilizer and 

establish the ideal rate of organic fertilizer for 

black soybean. 

 

Material and Methods 

Characteristics of Black Soybean Variety 

 Plant height range of 70 cm to 90 cm. 

Resistant to insect pest and diseases. The 

potential yield ranges from 1.60 to 3.20 t/ha. 

 Experimental Treatment and Design 

 The experimental was laid out using the 

Randomized Complete Block Design )RCBD( 

with seven treatments and three replications. 

Each block was subdivided into five plots. The 

plot was 4m x 5m with a 1.0 m of distance 

between blocks. The different treatment 

evaluated were as follows: Treatment 1 = 

Control; Treatment 2 = 2 t/ha of OF with FAA; 

Treatment 3 = 4 t/ha of OF with FAA; 

Treatment 4 = 8 t/ha of OF with FAA; 

Treatment 5 = 10 t/ha of OF with FAA and 

Treatment 7 = Inorganic Fertilizer )14-14-14(. 

Source of Organic Fertilizer 

 The organic fertilizer was purchased in 

agricultural supply.  

 

Land Preparation 

An area of 684 m2 was prepared on 

January 2020 following the complete land 

preparation method. The area was prepared 

using tractor. It was plowed and harrowed until 

good soil tilt was attained. A plot size of 4 m x 

5 m with 1 m distance between blocks and plot. 

 

Planting and Thinning 

 Furrowing was done with the use of 

shovel in every block. Seeds were drilled at the 

rate of 15-20 seed/linear meter and covered 

with 2-5 centimeters layers of fine soil. 

Thinning was done two weeks after seed 

emergence by removing those unnecessary 

plant and retaining only 15 seedlings per liner 

meter. Seedling which are thin, short, and have 

diseases and those that are not aligned in 

furrows was removed. 

Fertilizer Management 

As per recommended treatment 

application of organic fertilizer was done two 

weeks before planting )Table 1(. For the 

application of foliar fertilizer, Fish Amino 

Acid )FAA(, 1 liter of FAA in every treatment 

mixed to 16 liters of water was used. First 

application of Fish Amino Acid was done 3 

weeks after emergence. Succeeding 

application was done on the 6th weeks after 

emergence )flowering stage(. 
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Table 1 Different amount of organic fertilizer applied in different treatment 

Treatment Amount of 

Fertilizer 

Time of Application 

Treatment 1 None )Control( None )Control( 

Treatment 2 4kg of OF 2 weeks before planting 

Treatment 3 8kg of OF 2 weeks before planting 

Treatment 4 12kg of OF 2 weeks before planting 

Treatment 5 16kg of OF 2 weeks before planting 

Treatment 6 20kg of OF 2 weeks before planting 

Treatment 7 0.429kg of 

inorganic 

fertilizer 

15DAE/22DAE 

 

Water Management 

 Throughout the growing period, the 

soybean crop was irrigated 8 times using 

forrow method of irrigation.  Water supplied 

immediately )first irrigation( after drilling the 

seeds to provide enough moisture for their fast 

and uniform germination.  Seven days after 

planting )DAP(, second irrigation was done to 

assure the moisture needs of the seedlings.  A 

day after foliar application, third irrigation )33 

DAP(  was done.  Fourth irrigation ) 45 DAP( 

was done to insure the stability of the crop 

during vegetative stage.  Fifth irrigation ) 54 

DAP( was done during the flowering and early 

pods formation stage.  Sixth ) 63 DAP(  and 

seventh irrigation )73 DAP( helped the crop to 

properly developed the seeds/ pods.  The last 

irrigation )80 DAP( sustained of the crop up to 

harvesting. 

Weed Management 

 Weeds on the experimental area was 

controlled by manual pulling, also some 

preventive measures such as thorough land 

preparation and proper water management was 

employed. 
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Harvesting and Thresing 

 Harvesting of black soybean was done 

when exhibits the following: the leaves turn 

yellow and defoliate, and pods turn to brown 

or black. Soybean stalk was cut about the 

ground using scythe. Cut soybean was 

windrowed for a day before gathering. 

Statistical Analysis 

All data gathered were analyzed using 

Analysis of Variance )ANOVA( for 

Randomized Complete Block Design 

)RCBD(. Comparison among means was done 

using Least Significant Different )LSD( to 

determine significant differences among 

treatments at 0.005 level of probability. 

 

Results and Discussion 

Growth Parameters. The days of 

flowering ranged from 49.33 to 50.67 days 

after emergence. Result showed that 

application of 2, 4, 6, 8, and 10 t ha-1 OF w/ 

FAA recorded the earliest days to flowering 

while control )T1( and inorganic fertilizer )T7( 

registered has the latest )Table 2(. 

In terms of plant height, inorganic fertiizer 

)T7( exhibited the tallest with 86.23cm, 

followed by 6 t ha-1 OF w/ FAA )T4(, 10 t ha-

1 OF w/ FAA )T6(, 8 t ha-1 OF w/ FAA )T5(, 4 

t ha-1 OF w/ FAA )T3(, and 2 t ha-1 OF w/ FAA 

)T2(. The shortest was exhibited by control 

)T1( )Table 2(.  Analysis of variance result 

revealed that inorganic fertilizer )T7( was 

significanlty taller )86.23 cm( over the rest of 

evaluated treatment. According to )Huda et al., 

2007(, the improved plant height was due to 

potassium fertilizer application. The inorganic 

fertilizer used in the study contains 

macroelements and one of the macroelements 

present was potassium. 

 

The total number of nodules per plant ranged 

from 7. 47 to 14. 10.  Among the treatments, 

inorganic fertilizer ) T7(  exhibited the highest 

number of nodules per plant, followed by 10 t 

ha- 1 OF w/  FAA ) T6( , 8 t ha- 1 OF w/  FAA 

)T5(, 4 t ha-1 OF w/ FAA )T3(, 6 t ha-1 OF w/ 

FAA )T4(, and 2 t ha-1 OF w/ FAA )T2(. The 

lowest number of nodules present per plant 

was obtained by T1.  Inorganic fertilizer ) T7( 

had significant higher number of nodules per 

plant over the rest of the treatment based on the 

analysis of variance.  Application of inorganic 

P and K fertilizer individually increase 

nodulation with more response to K than P. 

Maximum response was obtain when both 

elements were addded together.  Applied K 

increased the number of nodules, total and 

individual weight of nodules per plant more 

than P, but more response was found when 

both P and K were applied in combination 

) Jones et al. , 1977( .  According to I. F. I. 

Association ) 1992( , potassium plays an 

important role in enzyme activation during 

nodulation.  In the study revealed inorganic 

fertilizer produced highest number of nodules 

compare to organic fertilizer with FAA 

because T7 or inorganic fertilizer has higher P 

and K content than organic fertilizer with 

FAA.  
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Table 2 Growth parameters of black soybean under organic cultivation 

TREATMENT Days to 50% 

flowering 

)DAE( 

Plant 

Height 

)cm( 

Total 

number of 

nodules 

per plant 

T1 – Control 50.33 68.73c 7.47b 

T2 - 2 t ha-1 OF w/ 

FAA 

49.67 72.45c 8.67b 

T3 - 4 t ha-1 OF w/ 

FAA 

49.33 80.40b 10.10b 

T4 - 6 t ha-1 OF w/ 

FAA 

49.33 82.13b 9.97b 

T5 - 8 t ha-1 OF w/ 

FAA 

49.33 81.60b 10.17b 

T6 - 10 t ha-1 OF w/ 

FAA 

49.33 81.67b 10.37b 

T7 - Inorganic 

fertilizer )30-30-30 

NPK ha-1( 

50.67 86.23a 14.10a 

Means with the same letter are not significant different at 5% level of LSD 
 

Yield Parameters.  Table 3 present the yield 

parameters of black soybean under organic 

cultivation.  The days of maturity ranged from 

97.33 to 98.67 days after emergence.  Result 

showed that 2 t ha-1 OF w/ FAA )T2(, 4 t ha-1 

OF w/ FAA )T3(, 6 t ha-1 OF w/ FAA )T4(, 8 

t ha- 1 OF w/  FAA ) T5( , and 10 t ha- 1 OF w/ 

FAA ) T6(  recorded the earliest days of 

maturity while control ) T1( , and inorganic 

fertilizer )T7( registered the latest. 

The length of pods of black soybean ranged 

from 2. 90 to 3. 20 cm, with control ) T1( 

recorded the shortesr and inorganic fertilizer 

treatment ) T7(  was the longest.  Analysis of 

variance revealed that inorganic fertilizer 

treatment ) T7( , 2 t ha- 1 OF w/  FAA ) T2( , 4 t 

ha- 1 OF w/  FAA ) T3( , 6 t ha- 1 OF w/  FAA 

) T4( , 8 t ha- 1 OF w/  FAA ) T5( , and 10 t ha- 1 

OF w/  FAA ) T6(  were found comparable to 

each other in terms of length of pods.  Soil 

treated with 2, 4, 6, 8, and 10 t ha- 1 organic 

fertiizer w/ FAA were comparable to inorganic 

fertilizers in terms of length of pods. 

Application of K fertilizer has a significant 

effect of seed size and weight ) Dixit, 2011( . 

After nitrogen ) N( , K is the nutrient absorbed 

in the next largest quantity by soybean, large 

portion of plant K is partitioned to the seed 

) 14( .  The result of the study does not affirm 

the previous findings due to the low content of 

K ) 1. 7% (  and slow release of nutrients of 

organic fertilizer. 

Inorganic fertilizer treatment ) T7(  exhibited 

the highest total number of filled pods per 

plant with 46.43, followed by 10 t ha- 1 OF w/ 

FAA )T6( , 8 t ha-1 OF w/  FAA )T5( , 6 t ha-1 

OF w/  FAA )T4( , 4 t ha-1 OF w/  FAA )T3( , 

and 2 t ha- 1 OF w/  FAA ) T2( .  On the other 

hand, control )T1( obtained the lowest number 

of pods per plant with only 24.63.  Significant 
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findings reveals that inorganic fertilizer 

treatment ) T7(  was the highest number of 

filled pods per plant but is is comparable to 4 t 

ha- 1 OF w/  FAA ) T3( , 6 t ha- 1 OF w/  FAA 

) T4( , 8 t ha- 1 OF w/  FAA ) T5( , and 10 t ha- 1 

OF w/ FAA )T6( in terms of filled pods based 

on analysis of variance.  The number of pods 

and filled pods were comparable among soil 

treated with inorganic fertilizer, 4, 6, 8, and 10 

t ha- 1 organic fertilizer with Fish Amino Acid 

) FAA(  due to the macroelement phosphorus. 

Sigh ) 1990(  reported the number of pods 

increased with the increased of phosphorus 

rate. Phosphorus plays an important role in an 

array of cellular processess.  At whole plant 

levels, it stimulates formation of seeds 

)Malhotra et al. , 2018( .  The high phosphorus 

content of inorganic fertilizer was responsible 

in attaining the highest number of fill pods 

among the treatments.  In addition, P increase 

the N-fixing capacity of leguminous crops. N, 

P, and K have important role in increasing the 

number of cells and chlorophyll, hence 

increase photosynthesis product, which 

resulted in increase of in number of pods 

)Perkasa et al., 2016(. Applied 4, 6, 8, and 10 

t ha- 1 organic fertlizer with Fish Amino Acid 

) FAA(  that lead to comparable to inorganic 

fertilizer, was due to the macro elements 

present.  Based on the analysis it contained 

1. 2%  of nitrogen, 2. 9%  of phosphorus, and 

1. 7%  of potassium in every sack of organic 

fertilizer, while FAA contains 90%  of N and 

2.5% of P )ATI, 2011(. 

The heaviest weight was obtained in inorganic 

fertilizer treatment )T7( while the lightest was 

in control )T1(. Analysis of variance revealed 

that inorganic fertilizer treatment ) T7(  has 

significantly produced the heaviest 100 seed 

weight of 11. 03 grams compared to other 

treatment range from 9.2 to 9.27 grams.  The 

findings showed that to achieved higher 

soybean yield, fertilizer application is a vital 

step.  Yield of soybean is affected by nitrogen 

) N(  and potassium ) K(  containing fertilizers 

)Shahkoomahally and Shahkoomahally, 2017; 

Hua et al. , 2020( .  Nitrogen is required in 

higher amount during vegetative and 

reproductive phases ) Ohyama et al. , 2017( 

thereby, the number of pods per plant and seed 

weight per plant contributes to higher soybean 

yield ) Shahkoomahally and Shahkoomahally, 

2017( .  Inorganic fertilizer treatment contains 

higher amount of N and K compared to the 

organic fertilizer with Fish Amino Acid )FAA( 

treatments.   However, further studies are 

required for fertilizer analysis.  
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Table 3 Yield parameters of black soybean under organic cultivation 

TREATMENT Days of 

Maturity 

Length 

of Pods 

)cm( 

Total 

Number 

of Pods 

Per 

Plant 

Total 

Number 

of Filled 

Pods Per 

Plant 

100 

seed 

weight 

)g( 

T1-Control 98.33 2.90b 27.73c 24.63c 8.47b 

T2-2 t ha-1 OF w/ 

FAA 

97.67 2.97ab 33.47bc 30.77bc 9.00b 

T3-4 t ha-1 OF w/ 

FAA 

97.33 2.9ab 42.40ab 39.93ab 9.2b 

T4-6 t ha-1 OF w/ 

FAA 

97.33 3.10ab 42.23ab 40.00ab 9.27b 

T5-8 t ha-1 OF w/ 

FAA 

97.33 3.0ab 43.77ab 41.63ab 9.23b 

T6-10 t ha-1 OF 

w/ FAA 

97.33 3.1ab 45.97ab 43.47ab 9.20b 

T7-Inorganic 

fertilizer )30-30-

30 NPK ha-1( 

98.67 3.2a 49.30a 46.43a 11.03a 

Means with the same letter are not significant different at 5% level of LSD 
 

Conclusions 

The following conclusions were drawn based 

on the study: )1( Application of 2, 4, 6, 8 or 10 

t ha1 of organic fertilizer with Fish Amino 

Acid can be an alternative source of fertilizer 

in organic soybean production; ) 2(  Organic 

fertilizer application can compete to inorganic 

fertiizer in some of the yield parameters; and 

) 3(  inorganic fertilizer is best for immediate 

response of soybean that affects the growth 

and productivity of the crops. 

Since the study used different levels of organic 

fertilizer with Fish Amino Acid and inroganic, 

it is recommended to conduct similar study of 

2- 5 dry cropping season to determine the 

efficacy of organic fertilizer with Fish Amino 

Acid in organic cultivation sysytem for 

soybean production. It is also recommended to 

explore using different soybean varieties wih 

the different levels of organic fertilizer with 

Fish Amino Acid.  
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Abstract  

This study aims to investigate the pattern of carbon flux )Fc( and estimate the net ecosystem 

production )NEP( in the jasmine rice paddy fields at the Dok Khamtai district in Phayao, northern 

Thailand )SPT site(, using the eddy covariance technique on a 6-meter tower having approximately 

a 300-meter footprint with a 30-minute temporal resolution of flux averages analyzed by using the 

EddyPro and Tovi softwares from April 2021 to April 2022. The results showed that the jasmine rice 

growing season )indicate the months( had an NEP of 5.97 µmol-m-2s-1 )22.61 tC ha-1yr-1( indicating 

it was a carbon sink during this period, while the fallow period had an NEP of -1.92 µmol-m-2s-1 

)7.25 tC ha-1yr-1( depicting it was a carbon source during this time. As a result, the total carbon stock 

on the jasmine rice paddy fields for a one-year crop at the study site is about 0.91±2.46 µmol-m-2s-1 

)3.44±9.32 tC ha-1yr-1(. However, while this study focuses primarily on the carbon flux, agricultural 

crop systems have the potential to contribute other greenhouse gases )GHG( such as methane and 

nitrous oxide, which are emitted during crop production. As a result, a long-term study is needed to 

assess the potential of carbon sequestration, as well as additional research on other significant GHGs 

to gain a better understanding of flux analysis. Furthermore, this research will serve as a guideline 

for agricultural crop system best practices. 

 

Key words: jasmine rice, carbon flux, net ecosystem production, eddy covariance 

 

Introduction 

Rice is the staple nourishment and most 

broadly planted crop in much of Asia. As 

reported by the Food and Agricultural 

Organization of the United Nations )FAO(, the 

region of rice paddies in Asia is around 87% of 

the rice cultivated area in the world )Pakoktom 

et al., 2009(, and any noteworthy negative 

impact on growing rice caused by climate 

change would be detriment to endeavours in 

attaining worldwide food security and 

addressing poverty. Rice paddies in tropical 

low land rice paddies play a significant part in 

the worldwide budget of greenhouse gases such 

as CO2, CH4 and N2O )IPCC, 2007(. 

The CO2 land-atmosphere interactions over rice 

paddies are controlled by numerous complex 

processes. Uptake of atmospheric CO2 via 

photosynthesis )gross primary productivity; 

GPP( occurs over the canopy of rice plants and 

distributes the absorbed carbon to leaves, 

stems, grains, and roots )Xia et al., 2017( by an 

average carbon allocation )before harvesting( 

of 9%, 30%, 51%, and 10%, respectively 

)Hwang et al., 2020(. Rice plantations are one 

of the major agrarian land uses, having 

considerable impacts on the carbon cycle and 
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contributing to worldwide climate change )Ren 

et al., 2007(. As stated by the FAO database, 

around 10.1% of total agricultural GHG 

emissions around the world come from 

growing rice )FAO, 2020(. However, rice 

cultivation ecosystems are considered to be a 

carbon )C( sink of CO2 in the atmosphere.  It is 

also sensitive to changes in the stored carbon 

)Kuzyakov & Cheng, 2004(. Moreover, around 

19% and 11% of total worldwide methane 

)CH4( and nitrous oxide )N2O( emissions come 

from rice plantations, respectively )US-EPA, 

2006; IPCC, 2007(. 

The eddy covariance )EC( 

measurement technique is an efficient method 

to measure greenhouse gas flux exchanges 

between agricultural crops, such as rice, and the 

atmosphere. However, there are a limited 

number of studies where this technique has 

been utilized to estimate CO2 fluxes from rice 

cultivation areas. Previous studies have 

demonstrated that rice paddy fields are net 

sinks of atmospheric CO2 from eastern Asia 

obtained by EC measurements showing that in 

general, rice cultivation absorbs atmospheric 

CO2. These studies depicted high CO2 uptake 

during the growing season and significant CO2 

emissions during the fallow season )Saito et al., 

2005(. These short-term results have also 

shown that climate anomalies brought about by 

El Nino Southern Oscillation )ENSO( events 

can affect rice ecosystems by making these 

ecosystems weaker or stronger sinks of 

atmospheric CO2 )Alberto et al., 2012(.  

In northern Thailand for 2020 - 2021, the rice 

cultivation area is around 2,352,453 ha 

)14,702,834 rai(, and rice production is around 

3,386 kg/ha )542 kg/rai(.  Phayao province has 

the 2nd largest rice growing area in the upper 

north covering about 103,646 ha )647,786 rai( 

of land and producing rice at an estimated 2,975 

kg/ha )476 kg/rai(. Dokkham Tai is the largest 

paddy filed area in Phayao province totalling 

24,289 ha )151,808 rai( with rice production of 

2,868   kg/ha )459 kg/rai( )OEA, 2022(. 

Amidst this economically viable rate in rice 

production over this location, it is important to 

monitor how much greenhouse gas is 

sequestered and emitted by this crop in this 

region. This study therefore aims to investigate 

and estimate the pattern of the net ecosystem 

exchange )NEE( of jasmine rice paddy fields at 

the Dok Khamtai district in Phayao, northern 

Thailand )SPT site(. CO2 fluxes obtained via 

the eddy covariance measurement technique 

from Apr 2021 - Apr 2022 was analysed. This 

study presents one of the first long-term eddy 

covariance based annual CO2-exchange 

estimates over a rice paddy. 
 

Materials and Methods 

Site description 

The study site is located at the jasmine 

rice paddy fields of the Dok Khamtai district in 

Phayao, northern Thailand )SPT site( with 

coordinates of 19.1989◦N and 100.026◦E 

)Fig.1(. The site has an elevation of 398.4 m 

above sea level. The soil properties vary in 

texture from sand to clay at 0 to 20 cm depth, 

having a mean pH of 5.98 )1:2 soil/water 

suspension(. According to records )2007–

2021( from the Phayao Meteorological Station, 

the mean annual accumulated precipitation 

)±standard deviation( was 1063 ± 367 mm and 

the mean annual air temperature was 25.43 ± 

0.99 ◦C )TMD, 2022(. Southwesterly winds 

prevail during parts of the fallow period )in 

April 2021(, while both southwesterly and 

northeasterly winds prevail during parts of the 

growing period )in September 2021(. The tower 

has a flux footprint of approximately 300 

meters the data analyzed were 30-minute 

)temporal resolution( flux averages processed 

using the Tovi software )Open-source version 

2.6.1, LI-COR Bioscience 2019(. 

The study site has an area of 1.6 ha )10 rai( and 

the eddy covariance system was placed at the 

center of the field. The study started in April 

2021, during the growing season from 1 )8 Jul 

2021( to 120 )4 Nov 2021( days after 

transplanting )DAT(. 
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Figure 1. )a( Location of the jasmine rice paddy fields at the Dok Khamtai district in Phayao, in 

upper northern Thailand )SPT site( )Adapted from http://www2.radargis.tmd.go.th/(.; )b( monthly 

wind roses at the study site of half-hour wind speed and direction; )c( and the color-filled contour 

plots representing the flux footprint of the measurements. 

 

Eddy covariance and meteorological 

measurements 

Fluxes of CO2, over the plant canopy 

were measured by the eddy covariance 

technique from a 6 m tower )Fig.2(. CO2, H2O 

and CH4 were measured by an open path 

infrared gas analyzer )IRGA; Model LI-

7500DS and Model LI-7700, LI-COR Inc(. 
Vertical and horizontal wind speeds, as well as 

sonic virtual temperature were measured with a 

three-dimensional sonic anemometer )Model 

Windmaster Pro, Gill(. Half-hourly CO2, 

vertical wind speeds and meteorological 

measurements were averaged from the 10 Hz 

raw data. The meteorological measurements 

include air temperature )Ta( and relative 

humidity )RH( )Model HMP155, Vaisala(. Net 

radiation was measured with a four-component 

net radiometer )Model CNR4, Kipp & Zonen(, 

and photosynthetically active radiation was 

measured by a quantum sensor )Model LI-COR 

LI-190R(. The precipitation was measured with 

a tipping bucket rain gauge )Model TR-525M, 

Texas Electronics(. Soil moisture probes were 

also utilized at 8 cm depth )Model Stevens 

Hydra Probe II(. 
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Figure 2. Set-up of the eddy covariance system and meteorological measurements 

 

Data processing and quality control 

High frequency )10 Hz( raw flux data 

were processed using the EddyPro software 

)Open-source version 7.0.6, LI-COR 

Bioscience 2019( )Fig.3(. After processing, the 

output data were 30-minute averaged CO2 

fluxes with periods flagged as low quality 

removed. Outliers were also removed based on 

the database of fluxes from FluxNet )R.J. Olsen 

et al., 2004(. Quality assurance had 13.6% of 

the observations removed from the SPT site 

dataset. 

 

 

 
 

Figure 3. Data processing and quality control of flux and meteorological data 
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Net ecosystem exchange and storage flux 

Here, the focus is on the storage 

term because it commonly represents the 

only non-turbulent term quantified and used 

to estimate the NEE.  Thus, after this 

simplification, NEE reduces to  

 

NEE = FC + FSC  )1( 

 

The storage term, FSC reflects the temporal 

dynamics of CO2 in the air volume below 

the measurement height of the CO2 flux 

)FC( not influenced by turbulence. Positive 

FSC values are due to an accumulation of 

CO2 within the control volume while 

negative values mean depletion. In practice, 

FSC is the rate of change of CO2 given by 

the difference in the instantaneous profiles 

of concentration at the beginning and end of 

the EC averaging period, divided by the 

averaging period itself ) Finnigan, 2006( . 

The measurements of NEE, as 

instantaneous measurement of fluxes, and 

of net ecosystem productivity ) NEP( , as a 

measure for an ecosystem flux balance, has 

been groundbreaking ) Valentini, 2003; 

Gough et al. , 2008; Baldocchi, 2014; 

Baldocchi, 2020(. Thus, 

 

NEP = -NEE                )2( 

 

Results 

Meteorological and field conditions 

Table 1 shows the meteorological 

conditions during different periods of rice 

growth, while Fig.4a depicts the monthly 

weather variations. Heavy rainfall )P( 

occurred mainly during the pre-growing 

and growing season with Apr to October 

receiving most of the inter-annual 

precipitation )∼97%(. The accumulated 

precipitation at the site in Apr 2021 - Apr 

2022 was 1090±76.46 mm. Following 

seasonal precipitation distribution, soil 

water content )SWC( for the site was 

generally lowest during fallow period and 

highest during the growing season due to 

the frequent rainfall )SWC > 50% 

volumetric water content or VWC(. 

Monthly patterns of air temperature )Ta( 

and relative humidity )RH( vary throughout 

the year. The highest monthly mean Ta 

occurred during the fallow period then 

decreasing throughout the growing season, 

while the highest monthly mean RH 

occurred during the growing season and 

lowest during the fallow period. The annual 

mean Ta and RH were 25.55±2.60 °C and 

78.80±7.25 %, respectively )Fig.4b(. 

Monthly patterns of vapor pressure deficit 

)VPD( were highest during the fallow 

season, while the variation and the monthly 

mean VPD largely declined during the 

growing season at the site. Annual mean 

VPD was 0.89±0.34 kPa, reaching a 

maximum in March 2022 )1.60 kPa( 

)Fig.4c(. This peak coincided with a period 

of high Ta )28.16 °C(, and low RH 

)66.40%( since higher VPDs indicate 

clearer, warmer and drier weather 

conditions. 

Monthly patterns of net radiation )Rn( and 

photosynthetically active radiation )PAR( 

showed similar seasonal variations wherein 

it gradually increased during the fallow 

period and gradually decreased during the 

growing season, peaking in May 2021 with 

maximum values of 166.67 W⸱m-2 and 

484.75 µmol.m-2s-1, respectively, while 

having its lowest values in Nov 2021 at 

87.97 Wm-2 and 275.86 µmol.m-2s-1 

)Fig.4d( 

 

Table 1.  Meteorological conditions and 

fluxes during the growing season, fallow 

period and during the entire )annual(  study 

period. 

 
Variable Period AVG ± SD 

Accumulated 

Rainfall )mm( 

Growing season 572  

Fallow 519 

Annual 1091 

Soil water content 

)%VWC( 

Growing season 53.42 ± 1.82 

Fallow 32.72 ± 13.52 

Annual 39.27 ± 14.79 

Air temperature 

)°C( 

Growing season 26.28 ± 1.22 

Fallow 25.04 ± 3.58 

Annual 25.43 ± 3.09 

Relative humidity 

)%( 

Growing season 86.76 ± 4.96 

Fallow 76.00 ± 9.18 

Annual 79.41 ± 9.51 

Growing season 0.53 ± 0.25 
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Vapor pressure 

deficit  

)kPa( 

Fallow 1.00 ± 0.48 

Annual 0.86 ± 0.47 

Net radiation  

)W m-2( 

Growing season 136.41 ± 41.46 

Fallow 127.68 ± 54.51 

Annual 130.44 ± 50.90 

Photosynthetically 

active radiation 

)µmol.m-2s-1( 

Growing season 383.85 ± 107.52 

Fallow 393.21 ± 134.56 

Annual 390.25 ± 126.70 

Carbon flux 

)µmol.m-2s-1( 

Growing season -4.48 ± 2.70 

Fallow 0.68 ± 1.92 

Annual -0.95 ± 3.25 

Carbon flux  

storage  

)µmol.m-2s-1( 

Growing season -0.11 ± 0.21 

Fallow -0.02 ± 0.27 

Annual -0.05 ± 0.21 

Net ecosystem 

exchange 

)µmol.m-2s-1( 

Growing season -4.39 ± 2.67 

Fallow 0.63 ± 1.89 

Annual -0.96 ± 3.19 

 

Seasonal variation of CO2 fluxes 

The last rows of Table 1 show flux 

data during the different stages of rice 

growth while Fig.4 depict the monthly CO2 

fluxes )Fc(, carbon flux storage )FSC( and 

net ecosystem exchange )NEE(. There were 

clear seasonal changes in fluxes from April 

2021 to April 2022. The Fc, FSC and NEE 

ranged from -5.82 to 1.92, -0.13 to -0.13 

and -5.97 to 1.92 µmol.m-2s-1, respectively. 

The SPT site showed NEE during the 

growing season absorbing atmospheric CO2 

due to the rice growth, while NEE during 

the fallow period releasing atmospheric 

CO2 due to non-photosynthesis processes. 

From Fig.5, in September 2021, during the 

peak stages of rice growth, the site observed 

an NEP of 5.97 µmol-m-2s-1 )22.61 tC ha-

1yr-1( indicating it was a carbon sink during 

this period, having a high monthly mean 

RH of 88.13%, while the monthly mean Ta 

and VPD were 26. 25 °C and 0. 47 kPa, 

respectively.  However, in April 2021, the 

fallow period had an NEP of -1.92 µmol-m-

2s- 1 ) 7. 25 tC ha- 1yr- 1(  depicting it was a 

carbon source during this time, having a 

low monthly mean RH of 72.68 % , while 

the monthly mean Ta and VPD were 27.07 

°C and 1.28 kPa, respectively. 

 

 

Figure 4. Seasonal variations in: )a( 

monthly accumulated rainfall and mean soil 

water content )SWC(; )b( air temperature 

)Ta(; relative humidity )RH(; )c( 

floodwater temperature vapor pressure 

deficit )VPD(; and )d( photosynthetic 

available radiation )PAR( and net radiation 

)Rn(; )e( carbon fluxes )Fc(, carbon flux 

storage )FSC( and net ecosystem exchange 

)NEE( in growing season is from 8 Jul 2021 

to 4 Nov 2021. 

 

NEE also demonstrates the diurnal 

variations of light response parameters 

during the growing season, with maximum 

NEE value of -21.64 µmol-m-2s-1 )1130H( 

at the PAR and Rn maximum values of 

1,319 µmol-m-2s-1 )1230H( and 546 W.m-2 

)1230H(, respectively. During the fallow 

season, the maximum NEE value was -

5.70 µmol-m-2s-1 )1100H( at the PAR and 

Rn maximum values of 1,379 µmol-m-2s-1 
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)1230H) and 550 W⸱m-2 )1230H(, 

respectively )Fig.5(. 

As a result, the total carbon stock on the 

jasmine rice paddy fields for a one- year 

crop at the study site is about 0. 91±2. 46 

µmol-m-2s-1 )3.44±9.32 tC ha-1yr-1(.  

 

 
Figure 5. Diurnal variations of net 

ecosystem exchange )NEE( in growing and 

fallow season. 

 

Discussion 

During the growing season, in 

general, it is a period of low atmospheric 

pressure as observed in the low VPD values 

producing more cloudy conditions resulting 

in a higher RH and more rainfall. This 

corresponds to higher SWC and 

consequently producing environmental 

conditions that is optimum for rice crop 

growth.  This makes the NEE more negative 

making the site more of a carbon sink )-4.55 

gC m−2d-1(. This value is relatively more 

negative than the results found in the 

literature )Alberto et al., 2012; Alberto et 

al., 2014; Hwang et al., 2020; 

Bhattacharyya et al., 2013; Swain et al., 

2016; Saito et al., 2005; Miyata et al., 2005; 

Diaz et al., 2019; Knox et al., 2016( which 

ranges from -1.64 to -2.95 gC m−2d-1 from 

2008 to 2018.  The difference is due to 

differences in site locations )i.e. soil 

properties(, rice type and weather 

conditions. The study period is also 

considered to occur during a weak to 

moderate La Niña condition )Physical 

Sciences Laboratory, 2022(. However, 

during the fallow periods, the ecosystem is 

characterized as a CO2 source )0.65 gC 

m−2d-1(, comparable to the results of 

Alberto et al., )2014(; Liu et al., )2021(; 

Diaz et al., )2019( which ranges from 0.23 

to 1.30 gC m−2d-1 from 2010 to 2018. 

 

Conclusions 

The results showed that during the 

jasmine rice growing season, an NEP of 

5.97 µmol- m- 2s- 1 ) 22.61 tC ha- 1yr- 1(  has 

been observed indicating it was a carbon 

sink during this period, while the fallow 

period had an NEP of - 1. 92 µmol- m- 2s- 1 

)7.25 tC ha-1yr-1(  depicting it was a carbon 

source during this time. As a result, the total 

carbon stock on the jasmine rice paddy 

fields for a one-year crop at the study site is 

about 0.91±2.46 µmol-m-2s-1 )3.44±9.32 tC 

ha-1yr-1(. 

Rice fields sequester atmospheric carbon 

dioxide during the growing season. 
However, other greenhouse gases may be 

emitted also during this time )e.g. CH4 and 

N2O(.  Further analysis needs to be done to 

come up with a more complete picture of 

the emissions that may come from rice 

paddy ecosystems. 
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Abstract 

The objective of this study was to develop a mathematical model for estimating the sugarcane 

height from the vegetation indices. The experiment has been carried out by using an unmanned aerial 

vehicle with a multispectral camera to capture aerial images over a sugarcane field with an area of 

0.88 ha at an altitude of 90 m, associated with ground measurement of the plant height. The 

observations were done once a week starting from sprouting and continuing to the sugarcane age of 

38 weeks. Values of respective vegetation indices were obtained from the aerial images using an 

image processing technique. The prediction equations were developed using multiple linear 

regression, in 4 formulae, i.e. single variable, multiple variables without data conversion, multiple 

variables with data conversion using exponential and logarithmic functions, and multiple variables 

both with and without data conversion. The results indicated that the vegetation indices which 

incorporated the near-infrared spectra stronger correlated with the sugarcane height than the 

vegetation indices that were derived only from the visible spectra. The regression developed from 

multiple variables both with and without data conversion provided the best estimation of the plant 

height )R2 = 0.8355( and a root mean squared error )RMSE( of 14.784. 

 

Keywords:  Growth monitoring, Multispectral camera, Sugarcane, Unmanned aerial vehicle, 

Vegetation Index 

 

Introduction 

Sugarcane )Saccharum officinarum L. ( 

and the sugar industry substantially contribute 

the economy of Thailand.  An accurate growth 

monitoring is important for precise crop 

management while yield prediction is required 

in the management for harvesting and the 

operation planning of a sugar mill. 

Remote sensing technology has been applied 

for sugarcane growth monitoring and yield 

prediction.  The satellite- based sensing 

facilitates the monitoring of large plantation 

areas, whereas aerial platforms such as an 

unmanned aerial vehicle ) UAV(  allow field-

scale observations.  Bégué et al.  ) 2 0 1 2 ( 

forecasted sugarcane yield by the normalized 

difference vegetation index ) NDVI(  obtained 

from SPOT4 and SPOT5 satellite images, 

finding that the NDVI value was highest at the 

plant age between 4 and 6 months.  Jaturong 

2018(  predicted yield from RGB images 

obtained by a UAV associated with the object-

based image analysis and achieved 84– 88% 

accuracy.  Souza et al.  ) 2017(  developed a 

method for mapping spatial variability of 

sugarcane growth based on UAV images and 

NDVI values. Sofonia et al. )2019( assessed the 

crop response to the difference in nitrogen rates 

by a UAV SLAM LiDAR system and a Surface 

from Motion ) SfM(  photogrammetry method. 

Similarly, Shendryk et al.  ) 2020(  used UAV 

LiDAR and multispectral imaging to observe 

the sugarcane response to nitrogen rates. Wang 

et al.  2019(  applied various algorithms of 

machine learning to analyze Sentinel2 satellite 

images for sugarcane growth mapping. 
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In Thailand, Chea et al.  ) 2020(  developed a 

mathematical model for estimating CCS value 

based on vegetation indices, finding that the 

Chlorophyll Indices Red Edge was the best 

parameter.  The UAV has been also used to 

detect sugarcane plants infected with white leaf 

disease )Sanseechan et al., 2019(. 

Several studies related to the application of 

UAV remote sensing in sugarcane have been 

carried out, however, certain information and 

knowledge have not been established due to the 

large variability regarding the plant and 

growing condition parameters, such as 

sugarcane cultivar, soil, water, and climate 

conditions.  Furthermore, parameters related to 

the aerial platform, its operation, and image 

analysis, may influence the results of crop 

measurement and interpretation. 

The objective of this study was to develop a 

mathematical model for estimating the 

sugarcane height from the vegetation indices 

derived from the multispectral images using a 

UAV platform. 

 
Materials and Methods 

Experimental site and crop 

The field experiments have been carried 

out at a sugarcane plantation area of the 

Department of Agricultural Engineering, 

Faculty of Engineering, Kasetsart University, 

Kamphaeng Saen Campus ) Lat N 14121.5, 

Long E 995741. 2( .  The observation 

boundary was 80 m  110 m, accounting for an 

area of approximately 0.88 ha.  The sugarcane 

plants were Khon Kaen 3 cultivar first rattoon(, 

planted at 1. 5- m row spacing and irrigated 

through furrows. 
 

Aerial imaging 

 Aerial images of the sugarcane field 

were captured using a multispectral camera 

mouthed with an unmanned aerial vehicle 

)UAV( )Phantom 4 Multispectral, DJI, China(. 

The multispectral camera was capable of 

receiving typical RGB images and additional 

filtered images in 5 bands, including blue 

)45016 nm(, green )56016 nm(, red )65016 

nm( , red edge )73016 nm( , and near- infrared 

)84016 nm(. The camera view angle was 62.7 

and the aperture value was f/ 2. 2, giving an 

image aspect ratio of 4:3.25 and a resolution of 

16001300 pixels.  The UAV has an ambient 

light sensing and compensation system ) DJI, 

2020( .  The DJI GS Pro software was used to 

control the UAV flight and imaging. 

 In the experiment, change in light 

incidence with day hours was observed twice, 

i.e. on a sunny day of 26 February 2021, and on 

a cloudy day of 15 October 2021, by recording 

luminance at the ground level for every hour 

from 06: 00 to 18: 00 using a light meter 

) LX1330B, RISE TEK, China( .  The effect of 

flying altitude on the image colors was 

observed by reading RGB values of 4 color 

plates captured at every 10- m increment of 

flying altitude, starting from 10 to 90 m, and the 

color values at 10 m were used as the reference. 

The Euclidean distance, )E(  ) Plataniotis & 

Venetsanopoulos, 2000(  was calculated to 

quantify the color difference, using Eq. 1: 
2 2 2

2 1 2 1 2 1( ) ( ) ( )E R R G G B B = − + − + −    )1( 

where R1, G1, and B1 are red, green, and blue 

values at 10- m altitude, and R2, G2, and B2 are 

red, green, and blue values at the given altitude. 

An E value of lower than 30 indicates the 

colors are not different )Lin & Tsai, 2014(. 

 The actual aerial imaging was done at 

an altitude of 90 m, using a forward speed of 

4. 7 m/ s, a longitudinal and a lateral frame 

overlapping of 75% and 60% respectively. The 

time for flying the UAV was between 9: 00 to 

10: 00 since the preliminary studies suggested 

consistent light luminance levels. In each flight, 

35 images were obtained to cover the field used 

in this study.  The multispectral images were 

collected weekly starting from the second week 

after the harvesting of the previous season and 

were continued for 38 weeks. 

 

Ground measurement of sugarcane growth 

 In this study, the sugarcane growth was 

quantified by the plant height, described by the 

vertical distance between the ground and the 

top visible dewlap.  The plant height was 

measured on the same day as the aerial images 

were collected.  The measurement was carried 

out for every 3 consecutive rows, and every 

1.5-m interval within the measured row. 
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Image analysis for vegetation indices 

 The multispectral images were pre-

processed using DJI Terra software, and further 

analyzed using Matlab ) CWL( , by arranging a 

set of source codes particularly to calculate 

Table 1 Definitions of vegetation indices. 
Vegetation index Equation Reference 

ExG 2ExG g r b= − −  Hamuda et al. 2016 

ExR 1.4ExR R G= −  Zhang et al., 2018 

ExGR ExGR ExG ExR= −  Kerkech et al., 2018 

MExG 1.262 0.884 0.311MExG G R B= − −  Hamuda et al., 2016 

NGRDI 
G R

NGRDI
G R

−
=

+  
Hamuda et al., 2016 

NDVI 
NIR R

NDVI
NIR R

−
=

+  
Li et al., 2019 

GNDVI 
NIR G

GNDVI
NIR G

−
=

+  
Basso et al., 2019 

SAVI 
1.5( )

0.5

NIR R
SAVI

NIR R

−
=

+ +  
Mwinuka et al., 2021 

OSAVI 
0.16

NIR R
OSAVI

NIR R

−
=

+ +  
Mwinuka et al., 2021 

IPVI 
NIR

IPVI
NIR RED

=
+  

Mokaarram et al., 2015 

 

10 different vegetation indices, including 

Excess Green Index ) ExG( , Excess Red Index 

) ExR( , Excess Green minus Excess Red Index 

) ExGR( , Modified Excess Green Index 

) MExG( , Normalized Green- Red Difference 

Index ) NGRDI( , Normalized Difference 

Vegetation Index ) NDVI( , Green Normalized 

Difference Vegetation Index ) GNDVI( , Soil 

Adjusted Vegetation Index ) SAVI( , Optimized 

Soil Adjusted Vegetation Index ) OSAVI( , and 

Infrared Percentage Vegetation Index ) IPVI( . 

Equations for calculating the respective indices 

are summarized in Table 1. 

 

Formulation of mathematical models 

 Simple and multiple linear regressions 

were applied to develop mathematical models 

for describing relationships between the 

vegetation indices and the sugarcane height, 

which was further used to predict the plant 

height from the vegetation indices.  For each 

month, the data obtained during the first three 

weeks were used in the calibration of the 

models, while the data of the fourth week were 

used to in the validation.  The accuracy of 

prediction was evaluated by the coefficient of 

determination ) R2(  and the root mean squared 

error )RMSE(. 

 

Results 

Sugarcane growth 

 Sugarcane plant height has been 

observed weekly from sprouting and continued 

for 38 weeks.  During the first 5 weeks, the 

average plant height increased at a rate of 1.11 

cm/week. This growth rate increased with plant 

age.  The increasing rate of plant height during 

week 6–25 was 2.50 cm/week, and that during 

week 26–38 was 3.08 cm/week )Fig. 1(. 

 
Figure 1. Observed sugarcane growth 

 

Aerial images and vegetation indices 

Change in the light luminance has been 

observed during 06: 00 and 18: 00 on 26 

February 2021 and 15 October 2021.  The 

maximum luminance of 63,200 lx was 

measured at 13:00 on the first date which was
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sunny day )Fig.  2( .  The maximum luminance 

on the cloudy day was lower by half, however, 

for both dates, the light incidence between 

06: 00 and 10: 00 were not different.  Flying of 

the UAV was therefore operated between 09:00 

and 10: 00 to minimize the effect of ambient 

light. The average luminance value at the flying 

time was 33,524 lx. 

 
Figure 2. Change in light luminance during the 

day. 

 

The color differences affected by flying altitude 

has been observed.  Reading of R, G and B 

chromatics of colored plates from the aerial 

images captured at the altitudes of 10 to 90 m 

resulted in the E value ranged from 6. 7 to 

37.2, giving an average value of 21.6. The E

value suggested that the effect of flying altitude 

on the spectral measurement within 90- m 

height was less pronounced for the conditions 

of this study. 

 
Figure 3.  Aerial images of the sugarcane field 

at the plant ages of 4, 8, 12, 16, 20, 24, 28, 32, 

and 36 weeks. 

 

Multispectral images of the sugarcane field 

have been captured every week during the 1st 

and the 38th weeks ) Fig. 3( .  Changes in the 

values of vegetation indices with the sugarcane 

growth have been observed.  Fig.  4 shows the 

variation of vegetation indices derived based 

only on visible spectra, including ExG, ExR, 

ExGR, MExG, and MGRDI, while Fig. 5 shows 

the progress of the indices in which the near-

infrared spectrum are also incorporated, 

including NDVI, GNDVI, OSAVI, SAVI, and 

IPVI.  In general, the values of most vegetation 

indices increased with the sugarcane growth 

and reached their maxima at the plant age of 

about 20– 23 weeks.  The index values then 

declined after the plant age of 23 weeks.  In 

contrast, the ExR and the MExG indices 

increased after 21 weeks and remained more or 

less constant. 

 
Figure 4.  Progress of vegetation indices 

derived from visible spectra with plant age. 

 

 
Figure 5.  Progress of vegetation indices 

derived from visible and near- infrared spectra 

with plant age. 



Proceedings of International Conference “Innovation for Resilience Agriculture”  

October 19-21, 2022, Chiang Mai University, Thailand  

 
 

178 
 

Mathematical models for sugarcane growth 

prediction 

 Simple and multiple linear regression 

analyses have been applied to describe 

relationships between vegetation indices and 

sugarcane growth quantified by plant height 

) H( .  Different equations have been developed 

using the original form, exponential, and 

logarithmic conversions of vegetation indices, 

as summarized in Table 2. 

 

 

 

Table 2 Mathematical models for predicting plant height and validity described by R2 and RMSE. 

Model Regression equation R2 RMSE 

1     84.0052 35.0301( ) 123.0655( )

95.61691( ) 34.2508( ) 61.5735( )

H ExG ExR

ExGR MExG NGRDI

=− + +

+ − −
 

0.6834 16.871 

2    57.6682 373.893( ) 241.214( )

637.8665( ) 94.45195( ) 233.902( )

H NDVI GNDVI

OSAVI SAVI IPVI

= − −

+ + −
 

0.7239 15.437 

3    -5.4926 1.627641( ) 0.266508( )

0.05046( ) 0.8379( ) 0.167216( )

ExG ExR

ExGR MExG NGRDI

H e e

e e e

= + +

− − +
 

0.5749 19.311 

4 571.96 1.456096(ln ) 1.52305(ln )

0.979392(ln ) 1.122008(ln ) 11.8625(ln )

H NDVI GNDVI

OSAVI SAVI IPVI

+ −

+

=

+ −
 

0.7948 13.549 

5 ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

( ) ( )

1641.061 132.15 1153.91

187.6881 113.415 321.986

2.159205 8.81516 1.40846

2.51067 0.70311

ExG ExR ExGR

MExG NGRDI

ExG ExR

ExGR MExG NGRD

H

I

e e e

e e

− −

+ + −

+ −

− −

=

−
 

0.0001 61.827 

6 1455.44 689.741( ) 716.8851( )

1625.27( ) 2226.705( ) 1182.69( )

3.71162(ln ) 3.7327(ln ) 25.33365(ln )

19.9097(ln ) 38.04237(ln )

H NDVI GNDI

OSAVI SAVI IPVI

NDVI GNDVI OSAVI

SAVI IPVI

= − − +

− + −

− − +

− +

 

0.8355 14.784 

 

 

Validation of the models using separated data 

resulted in the R2 ranging from 0. 5749 to 

0.8355, and the RMSE ranging from 13.549 to 

19.311, except for Model 5 which provided the 

poorest prediction accuracy.  The models that 

included the vegetation indices with a near-

infrared band tended to provide higher 

prediction accuracy.  Model 4 and Model 6 

showed comparable predictive performance. 

Both models returned a minus value of 

predicted plant height for the first test data, i.e. 

the plant height lower than 20 cm, however, 

both models provided satisfactory estimation 

for the rest of validation data.  Model 4 

provided an RMSE of 13. 549 cm, slightly 

better than that of Model 6, whereas Model 6 

provided an R2 of 0.8355 slightly higher than 

that of Model 4. The Model 4, however, tended 

to underestimate the plant height as the age 

increased, while Model 6 provided a better 

prediction trend ) Fig.  6( .  Model 6 was 

therefore considered the most appropriate 

model for the period of observation and the 

sugarcane growth environment taking place in 

this study. 
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Figure 6. Comparison of observed and predicted sugarcane growth using Model 4 and Model 6. 

 

 

Discussion 

Variation of vegetation indices and 

their relationships with sugarcane growth has 

been observed.  Most vegetation indices 

attained their maximum values at the plant age 

of about 20 to 23 weeks then their values 

declined, mainly due to the change of foliar 

color. A similar tendency was found by Bégué 

et al.  )2012(  in that the NDVI obtained from 

SPOT4 and SPOT5 satellite images over 

sugarcane fields reached the maximum value 

of about 0.7–0.8 at the plant age between 4 to 

6 months when the dense green canopy was 

fully developed.  The maximum NDVI 

obtained in this study was, however, slightly 

lower than 0.6, probably due to poorer growth 

performance of the sugarcane plants at some 

particular sub- location inside the field. 

Bunruang & Kaewplang ) 2021(  used RGB 

images from a UAV associated with the 

generalized linear model, decision tree, and 

support vector machine in estimating 

sugarcane plant height and resulting in an R2 

of 0.82 and an RMSE of 0.19 m achieved when 

comparing the estimated values with the actual 

plant height. 

As for this study, the vegetation indices which 

incorporated the spectrum in the NIR band 

showed better relationships with the plant 

height than the indices derived merely from 

the visible spectra. Considering the vegetative 

growth stage during the first 20 weeks, the 

NDVI provided the best correlation with plant 

height )R2 = 0.9832(, while among the visible 

indices, the MExG was the best parameter )R2 

=  0. 9024( .  In the formulation of prediction 

models, a multivariate approach associated 

with exponential and logarithmic 

transformations provided an improved 

prediction accuracy, comparting to non-

transformed simple linear regression. 

In conclusion, sugarcane growth monitoring 

has been carried out and mathematical models 

for plant height prediction have been 

developed based on vegetation indices derived 

from multispectral aerial images using a UAV. 

The multivariate equation that incorporated 

both with and without data conversion 

provided the best estimation of the plant 

height, giving an R2 of 0.8355 and an RMSE 

of 14.784 cm.  
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Abstract  
The use of nitrogen fertilizers in agriculture is a major source of nitrous oxide ) N2O( 

emissions.  Thailand is an agricultural country but the study on N2O emissions from agricultural 

activity is lacking. Tier 1 approach of the Intergovernmental Panel on Climate Change )IPCC( with 

the default emission factor )EF( is therefore used in the national N2O emissions estimation. Spatially, 

the N2O emissions differ significantly even the same amount of fertilizer is applied, specific EF 

therefore need to be developed.  The evaluation of direct N2O EF resulting from different fertilizer 

applications in a crop rotation of maize and mung bean in Thailand was therefore performed. Soil in 

this study was managed with crop residues combined with no fertilizer )CT(, organic fertilizer )OF(, 

and chemical fertilizer )CF(. The results showed that direct N2O EF of OF application during maize 

cultivation, 1st fallow period + mung bean cultivation, and 2nd fallow period was 0.18%, 0.80%, and 

0.61% , respectively.  While EF for CF application was 0.39% , 0.52% , and 0.58% , respectively. 

Annual direct N2O EF were 0.53% in OF and 0.50% in CF. This indicates that direct N2O EF from 

managed soil in Thailand is lower than the IPCC default value of 1.00%. Consequently, using tier 1 

calculation likely overestimates the N2O emissions from managed soils in Thailand.  Although, 

fertilizers induced N2O emissions, but they produced higher crop yield.  As relative to CT, the 

application of OF and CF enhanced maize yield by 94.8% and 121% and mung bean yield by 21.8% 

and 46. 2% , respectively.  Therefore, to accurately estimate N2O emissions from upland crops in 

Thailand, our results suggest that local direct N2O EFs may be more suitable.  The approaches for 

mitigating N2O from fertilizer use without compromising crop yield should also be explored to guide 

the sustainable food production. 

 

Key words: Chemical fertilizer, Direct nitrous oxide emission factor, Maize cultivation, Mung bean 

cultivation, Organic fertilizer  

 

Introduction 

Thailand is an agricultural country, 

greenhouse gas ) GHG(  emissions from the 

agricultural sector is therefore one of the major 

sources, the second highest after the energy 

sector.  The top 3 emission sources within the 

agricultural sector are methane )CH4( emission 

from rice cultivation )51%(, CH4 emission from 

enteric fermentation ) 16% ( , and direct nitrous 

oxide ) N2O(  emission from managed soils 

) 16% ( .  This national GHG emissions was 

estimated from the country specific emission 

factor )EF( for the first two sources, but for N2O 

emission from managed soils it was calculated 

from the default EF of the Intergovernmental 
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Panel on Climate Change ) IPCC(  ) ONEP, 

2020(.  

N2O is mainly produced and emitted from 

agricultural soils through nitrification and 

denitrification processes. The amount of added 

N from fertilizers use is therefore a major factor 

)Hayashi et al., 2015(. N2O emissions vary with 

spatial variability, geographic and land uses 

characteristics, and soil managements 

) Molodovskaya et al. , 2012, Rowlings et al. , 

2015( .  Variations in the quantity of N2O 

emissions from different areas were therefore 

observed, although the same N input is applied 

)Yan et al., 2003, Albanito et al., 2017(. Using 

the recommended EF of the IPCC is therefore 

may not reflect and represent the emissions 

from a given cropping system.  N2O emissions 

may be either underestimated or overestimated.  

A default direct N2O EF of the IPCC is 0.010 

kg N2O–N ) kg N( – 1 or 1.00%  ) IPCC, 2019( . 

The IPCC synthesized this default value ) DV( 

from several studies around the world, 

however, only 19%  of Asian studies were 

included )IPCC, 2019(. This indicated that the 

DV may not sufficiently consistent with 

Thailand’s conditions. In addition, other studies 

have also suggested our observations that the 

use of DV may not be appropriate in many 

cases.  Yan et al.  ) 2003(  and Albanito et al. 

) 2017(  reported that N2O EF in each area was 

different, thus area specific EF should be 

developed.  Shcherbak et al.  ) 2014(  reported 

that the increase in N2O emissions was 

nonlinearly with the increase in N input rate as 

indicated in IPCC’ s assumption.  Charles et al. 

) 2017(  concluded that N2O EF from 12 

countries were lower than IPCC’s DV. 

From these reasons, we proposed that 

increasing the N2O emissions studies and 

estimating the direct N2O EF in Thailand are 

urgently needed.  This study therefore aims to 

evaluate the direct N2O EF from soil 

management with different fertilizations in a 

crop rotation of maize and mung bean.  

 

Materials & Methods 

Experimental site  

A long– term experimental field of 

Department of Agriculture )DOA(, Ministry of 

Agriculture Cooperatives )MOAC( was used in 

this study.  It is situated at the Lopburi Seed 

Research and Development Center ) 14°47ʹ57ʹʹ 

N & 100°48ʹ00ʹʹ E( .  Soil in this area was 

classified as Typic Paleustults of Ultisols 

according to United States Department of 

Agriculture )USDA(  soil taxonomy with loam 

texture, its properties are shown in Table 1. The 

average of maximum and minimum air 

temperatures and annual rainfall throughout 1 

year study period were 34. 0°C, 24. 7°C, and 

1133 mm, respectively. 

 

Crop management 

Each plot size of the experimental field 

was 6 × 5.25 m. This field has been maintained 

since 1976 with the similar management as 

follows; 1(  maize was cultivated as a major 

crop rotated with legumes under rain– fed 

condition in every year, sprinkler irrigation was 

used when needed, 2(  soil was managed with 

tillage and no fertilizer ) CT( , organic fertilizer 

) OF( , and chemical fertilizer ) CF( , 3(  tillage 

and both fertilizers were applied for a major 

crop only, and 4(  aboveground biomass after 

crop harvest was returned to all treatments.  

In this current year, cow manure ) 134 kg N 

ha− 1(  was used as an organic fertilizer, while 

urea )188 kg N ha−1(, triple superphosphate )62 

kg P2O5 ha− 1( , and potassium chloride ) 62 kg 

K2O ha− 1(  were used as chemical fertilizer. 

Manure ) properties in Table 1(  was applied 

with the tillage at 14 days before planting, 

while chemical fertilizer was separately applied 

for two times on planting day and 13 days after 

planting ) DAP( .  Maize and mung bean were 

planted on 22 May and 29 Sept., and harvested 

on 7 Sept.  and 1 Dec. , 2021, respectively. 

Therefore, during 8–28 Sept.  the field was left 

without cultivation as 1st fallow period and 

during 2 Dec. 2021–7 May 2022 was 2nd fallow 

period.  

  

Direct N2O emission measurement and EF 

estimation 

N2O emission was measured 

throughout a study year using a closed chamber 

method ) Ariani et al. , 2016, Yuttitham et al. , 

2020(. The equipment employed in this method 

consists of base ) 0. 0135 m3(  and chamber 

)0.009 m3( that is made from acrylic. Base was 

buried in the soil throughout a year to minimize 

the soil interference.  Gas samples were 
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collected at 0, 10, 20, and 30 min after the 

chamber were placed on the base during 09.00–

11.00 of a day. They were transferred from the 

chamber to the evacuated vial )20 mL( using a 

plastic syringe and needle.  

At each gas sampling, air temperature inside 

the chamber was also measured.  N2O 

concentration was analyzed using a gas 

chromatograph ) 7890B GC, Agilent 

Technologies, Inc. , USA(  equipped with 

electron capture detector at 300°C and HaySep 

Q packed column, using helium as carrier gas. 

The cumulative N2O emission was calculated 

according to the equation given by Alam et al. 

)2019(. N2O EF was separately estimated for 3 

periods )Table 2( based on the application of N; 

1( maize crop )N from fertilizers(, 2( 1st fallow 

+ mung bean crop )N from maize biomass(, and 

3(  2nd fallow )N from mung bean biomass( .  It 

was calculated following the equation given by 

Liyanage et al. )2020(. 

 

Plant and soil analysis 

Crop yield and biomass were weighed 

after being dried at 80°C till reaching a constant 

weight.  Biomass of maize ) stems, leaves, and 

husks( and mung bean )stems and leaves( were 

analyzed for N content using a CHN analyzer 

)CHN 628 Elemental Analysis by Combustion, 

LECO Corporation, USA(.  

After each period, soil at 20 cm was determined 

for %water- filled pore space )WFPS, using an 

equation in Wang et al. )2016((, temperature )a 

CS655, Campbell Scientific, Inc. , USA( , 

ammonium )NH4
+, an Ion Chromatograph )IC(, 

761 Compact, Metrohm, Switzerland equipped 

with Metrosep C 4 ) 100 × 4.0 mm(  column( , 

and nitrate ) NO3
– , an IC equipped with 

Metrosep A Supp 5 ) 150 × 4.0 mm(  column( . 

After a year, soil was also determined for pH )a 

pH meter HI5222, Hanna Instruments, USA( , 

organic matter and carbon ) Walkley & Black 

modified acid-dichromate digestion(, total N )a 

CHN analyzer( , potassium ) K, NH4OAc 

extraction( , phosphorus ) P, Bray II( , bulk 

density ) weighed 100 cm3 soil sample after 

dried using oven at 105°C for 48 h( , and soil 

organic carbon )SOC( stock )using an equation 

in Lee et al. )2009((. 

 

 

Statistical analysis 

Data were presented as mean ± standard 

deviation )n=3(. One–way analysis of variance 

) ANOVA(  with Tukey’ s honesty significant 

difference ) HSD(  was used to indicate the 

significant difference among treatments.  An 

independent sample t-test was used to show the 

statistical difference of direct N2O EF between 

OF and CT.  All analyses were performed at a 

confidence level of 95% )p < 0.05( using SPSS 

version 22.0 )IBM, USA(. 

 

Results 

Direct N2O emissions and associated EFs 

N addition from organic and inorganic 

fertilizers as well as biomass stimulated N2O 

emissions.  Relative to CT, application of OF 

increased the cumulative N2O emissions by 

81.3%, 47.8%, 66.7%, and 69.2% in the period 

of maize crop, 1st fallow + mung bean crop, 2nd 

fallow, and for the whole year, respectively. 

While CF stimulated the cumulative N2O 

emission by 242% in maize crop, 95.7% in 1st 

fallow + mung bean crop, 78.8% in 2nd fallow, 

and 158%  for the whole year.  Application of 

CF stimulated higher N2O emissions than OF 

by an average of 52.3%. The results show that 

higher N input rate resulted in higher N2O 

emission.  It was also observed that N from 

chemical fertilizer induced earlier N2O 

emission than N from organic 

fertilizer/ material, particularly during week 

when N was applied.  This was shown as the 

direct N2O EF of CF in maize crop that was 

higher than OF by 0.21%. On the other hand, N 

from organic sources was released as N2O at a 

slower time, as observed by direct N2O EF of 

OF in 1st fallow +  mung bean crop and 2nd 

fallow were higher than CF )Table 2(. 
 The average annual direct N2O EF from the use 

of organic fertilizer and chemical fertilizer in a 

crop rotation of maize and mung bean was 

0.53% and 0.50%, respectively. As considered 

for both fertilizer applications, an average 

annual direct N2O EF was 0.52% lower than the 

IPCC’s default EF )Table 2(.  

 

Crop yield and biomass 

Providing nutrients to soil by fertilizer 

applications )OF and CF( induced greater plant 

growth, resulting in significantly higher 
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biomass and grain yield.  However, different N 

rates from different fertilizer types did not 

change the biomass and grain yield of maize 

and mung bean )Figure 1(.   

 

Table 1 Basic soil properties and cow manure prior to this study. 

Parameter 
Soil 

Manure 
CT OF CF 

pH [H2O] 7.03 ± 0.07 a 7.12 ± 0.03 a 6.71 ± 0.11 b 8.88 

WFPS )%( 47.4 ± 6.72 a 46.4 ± 8.54 a 48.4 ± 4.44 a – 

OM )%( 1.56 ± 0.25 a 1.83 ± 0.26 a 1.49 ± 0.13 a 41.7 

OC )%( 0.90 ± 0.14 a 1.06 ± 0.15 a 0.86 ± 0.07 a 24.2 

Total N )%( 0.11 ± 0.02 a 0.11 ± 0.01 a 0.10 ± 0.01 a 2.15 

NH4
+ )mg kg−1( 1.52 ± 0.86 a 4.08 ± 2.59 a 5.30 ± 3.32 a 510 

NO3
− )mg kg−1( 62.1 ± 10.9 b 81.2 ± 14.9 ab 103 ± 15.8 a 69.5 

Available P )mg kg−1( 13.7 ± 4.54 b 56.8 ± 16.5 a 43.9 ± 19.9 ab 900 

Exchangeable K )mg kg−1( 76.4 ± 39.6 a 156 ± 42.8 a 88.2 ± 21.4 a 16,890 

Bulk density )g cm−3( 1.45 ± 0.02 a 1.41 ± 0.02 a 1.45 ± 0.02 a – 

SOC stock )Mg ha−1( 26.1 ± 4.11 a 30.0 ± 4.41 a 25.0 ± 2.37 a – 
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Table 2 Direct N2O emission and EF of different fertilizer applications. 

Treatment 

Period 

Maize crop 
1st fallow +  

mung bean crop 
2nd fallow Annual 

N input application )kg N ha−1( 

CT 0 24.1 ± 1.71 b 77.8 ± 7.88 b 102 ± 7.62 c 

OF 134 35.7 ± 7.16 ab 106 ± 9.81 a 276 ± 12.4 b 

CF 188 53.3 ± 10.6 a 107 ± 6.54 a 348 ± 14.5 a 

Cumulative N2O emission )kg N2O ha−1( 

CT 0.48 ± 0.09 b 0.23 ± 0.02 c 0.33 ± 0.03 b 1.04 ± 0.12 c 

OF 0.87 ± 0.14 b 0.34 ± 0.02 b 0.55 ± 0.09 a 1.76 ± 0.10 b 

CF 1.64 ± 0.26 a 0.45 ± 0.04 a 0.59 ± 0.04 a 2.68 ± 0.25 a 

Direct N2O EF )%( 

CT – – – – 

OF 0.18 ± 0.10 a 0.80 ± 0.48 a 0.61 ± 0.29 a 0.53 ± 0.08 a 

CF 0.39 ± 0.11 a 0.52 ± 0.10 a 0.58 ± 0.14 a 0.50 ± 0.06 a 

Average 0.29 ± 0.10 0.66 ± 0.29 0.60 ± 0.21 0.52 ± 0.01 

 

 
Figure 1. Crop biomass and grain yield of different fertilizer applications. 



Proceedings of International Conference “Innovation for Resilience Agriculture”  
October 19-21, 2022, Chiang Mai University, Thailand 
 

187 

 

 
Figure 2.  %WFPS )a(, temperature )b(, NH4

+ )c(, and NO3
– )d( of soil under different fertilizers in 

each period. 

 

Table 3 Basic soil characteristics after a study year.  

Parameter CT OF CF 

pH [H2O] 6.99 ± 0.08 a 6.94 ± 0.09 a 6.70 ± 0.02 b 

WFPS )%( 44.1 ± 3.51 a 39.9 ± 4.55 a 40.9 ± 3.23 a 

OM )%( 1.68 ± 0.05 b 1.90 ± 0.11 a 1.54 ± 0.04 b 

OC )%( 0.97 ± 0.03 b 1.10 ± 0.06 a 0.90 ± 0.02 b 

Total N )%( 0.11 ± 0.02 a 0.12 ± 0.01 a 0.11 ± 0.01 a 

NH4
+ )mg kg−1( 0.93 ±  0 .23  a 1.10 ± 0.10 a 1.23 ± 0.12 a 

NO3
− )mg kg−1( 43.5 ± 5.23 b 72.1 ± 11.7 a 82.7 ± 12.4 a 

Available P )mg kg−1( 13.9 ± 2.49 c 57.2 ± 5.12 a 31.5 ± 6.89 b 

Exchangeable K )mg kg−1( 59.7 ± 7.50 b 108 ± 8.01 a 63.0 ± 8.86 b 

Bulk density )g cm−3( 1.46 ± 0.03 a 1.43 ± 0.01 a 1.46 ± 0.04 a 

SOC stock )Mg ha−1( 28.4 ± 0.19 b 31.6 ± 1.63 a 26.2 ± 1.34 b 

 

Soil characteristics 

Long– term application of chemical 

fertilizer has increased soil acidification and 

NO3
−  content, while organic fertilizer 

conserved soil pH and enhanced soil P and 

SOC stock. However, SOC stock did not show 

the significant change )Table 1(.  

Application of fertilizers during the study 

period did not show the different effects on 

% WFPS, temperature, NH4
+ , and NO3

−  after 

both crop harvests ) Figure 2( .  At the end of 

cropping year, the similar effects as the long–

term application were shown. CF decreased soil 

pH and increased soil N content.  OF 

maintained soil pH and enhanced contents of P, 

K, OM & OC, and SOC stock. Compared to CT 

and CF, OF sequestered higher SOC by 11.3% 

and 20.6%, respectively )Table 3(. 

 

Discussion 

This study shows that the N applied as 

chemical or organic source in a crop rotation of 

maize and mung bean was directly released as 

N2O by 0.52%. This was about 50% lower than 

the IPCC’ s default EF, indicating that the 

calculation according to the IPCC tier 1 was 
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twofold overestimated.  This finding was 

consistent with Yuttitham et al. )2020(, the only 

one study trying to develop country specific 

N2O EF in Thailand, who showed that direct 

N2O EF from the chemical fertilizer use in 

maize cultivation was 0.60% .  Albanito et al. 

) 2017(  also confirmed that N2O emission in 

Thailand was lowest as compared to other 12 

tropical and sub– tropical countries. 

Consequently, the specific N2O EF for 

Thailand should be urgently developed and 

utilized to increase the accuracy of N2O 

emissions estimation and the appropriateness of 

mitigation policies ) Lesschen et al. , 2011, 

Albanito et al. , 2017( .  This will help Thailand 

for reporting the C footprint of the related 

industries and products with N2O emissions in 

response to global trade measures and to 

support the achievement of net zero emissions 

target. 

The use of higher N input induced higher N2O 

emission in all periods, observing the 

difference between OF and CF ) Table 2( . 

However, the N2O emission increase from 

higher N application rate did not induce higher 

N2O EF in this study.  These finding were 

similarly reported in Allen et al.  ) 2010( , 

Charles et al. )2017(, and Takeda et al. )2021(. 

It was also found that N from chemical 

fertilizer induced earlier N2O emission and EF 

than N from organic sources.  This was 

probably because chemical fertilizer provides 

immediate N substrates to microbes, while 

organic material/ fertilizer takes some time for 

mineralization/ decomposition ) Dou et al. , 

1996( .  In addition, labile C from cow manure 

and crop biomass could also stimulated N2O 

production from heterotrophic denitrification 

)Surey et al., 2020, Lazcano et al., 2021(. 

The different fertilizer applications did not 

affect significantly on soil characteristics. 

Therefore, soil microbial changes because of 

different fertilizer applications might be a 

major cause of different N2O emissions. Wang 

et al.  ) 2020(  reported that the long– term 

application of synthetic fertilizer stimulated 

nitrifiers abundances and nitrification potential. 

Surey et al.  )2020(  and Lazcano et al.  )2021( 

reported that high available N and C content in 

organic material can increase the abundance 

and activity of nitrifying and denitrifying 

microorganisms.   

Although, fertilizer applications caused more 

global warming and climate change, but they 

produced greater crop yield.  This is because 

fertilizers provided the necessary nutrients for 

plant growth, resulting in the remaining 

nutrients in soil after crop harvest not different 

from CT )Figure 2(. This impact indicated that 

fertilizer is still needed for cultivation to meet 

satisfied income and food security. 

Consequently, the approaches for mitigating 

N2O emission from fertilizer use without 

compromising crop yield should also be sought 

out to guide the sustainable food production. 

This study suggested that using organic 

fertilizer was more environmentally friendly 

than chemical fertilizer without yield decrease.  

 

Conclusions 

The results suggest that N2O emissions 

from use of N fertilizers in cropland in Thailand 

using the IPCC’ s default EF may be greatly 

overestimated.  It is therefore crucial that 

measurement of emissions and developments 

of country/ cultivation system- specific EFs are 

made.  The suitable EFs is particularly 

important as Thailand is one of the world 

suppliers of food and raw materials to food and 

agro- industries worldwide.  N fertilizers use is 

the crucial cause of increasing C footprint and 

yield of upland food crops, so the mitigation 

challenge is N fertilizer management without 

affecting yield.  The use of organic fertilizer is 

better than chemical fertilizer in this study. 

However, this aspect should be studied further 

to show the suitable approaches with no food 

security impacts. This achievement can be part 

of the country’s net zero emissions goal.  
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Abstract  

Cadmium contamination in rice field near the zinc mines in Mae Sot District, Tak Province, 

Thailand has been a persistent problem that causes harvested rice grains to contain cadmium 

exceeding the food standard. This research was aimed at mitigating this problem by using rice straw 

biochar )RSB(, which is a main agricultural waste in the contaminated area. To study the effect of 

RSB on rice uptake of cadmium, 3 different amounts of RSB )0, 5 and 7% w/w( were mixed with 

contaminated soil from Mae Sot prior to rice )RD43( plantation. The amount of pore-water and 

phytoavailable Cd were analyzed before and after rice planting. Rice yield and Cd accumulation in 

rice grains were analyzed after harvested. The results showed that the increased amount of RSB 

resulted in an increase in the cadmium stabilization ability in the soil. Biochar at 7% was the most 

effective amount to reduce pore-water and phytoavailable cadmium by 87.5 and 19.82 %. Rice yield 

was increased up to 411% and cadmium concentration in rice grain was reduced by 79.37%. 

Therefore, the use of rice straw biochar is a viable method for mitigating cadmium accumulation in 

rice. 

 

Key words  Rice straw; biochar; Cadmium stabilization; Soil remediation; Cadmium uptake; Rice 
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Introduction 

The production and extraction of zinc 

can activate many types of heavy metals, 

especially cadmium to become available in the 

environment. This human activity may have 

caused cadmium contamination in Mae Tao 

creek and agricultural areas downstream. This 

problem has affected people in the area for 

about twenty years due to the accumulation of 

cadmium into agricultural products such as 

soybeans, garlic )Department of Mineral 

Resources, 2004(, mung beans, corn, 

sugarcane, and rice which is the main 

agricultural product of Mae Sot District  

)Prapakdee and Sangthong, 2016(. The 

harvested rice grain has accumulated cadmium 

exceeding the CODEX standard in rice grains 

of 0.4 g/kg )Codex General Standard for 

Contaminants and Toxins in Food and Feed(.  

Exposure to high level of cadmium could 

cause respiratory and circulatory disorders, 

including a bone disorder known as Itai-Itai. 

Therefore , it is important to solve this problem 

with the effective methods.  

Cadmium usually exist in stable forms 

but can change to unstable forms due to human 

activity. Cadmium can change its form 

according to pH and Eh as shown in Figure 1. 

Soil in anaerobic or highly reductive condition 

cause cadmium to be in stable form )eg. Cd 

bounded to Fe/Mn oxides and Cd bounded to 

organic matters and sulphides(. Oxidative 

condition and acidic mine drainage can change 

cadmium to be in available form )eg. Free 

cation of Cd2+, Cd weakly bounded to 

chloride, carbonate and nitrate(. This form is 

easily leached from mine tailing and spread to 

the environment. 

Cadmium contamination in Mae Tao 

creek spread in a vast area of agricultural land. 

Therefore, many factors must be taken into 

consideration in choosing the appropriate 

remediation method. These include 

practicality, cost-effectiveness, and effects on 

agricultural activities. Ex-Situ methods, such 

as Excavation and soil washing are not suitable 

in this case because they are not cost-effective. 

Electro-kinetic treatment cause acidic and  

 

 
Figure 1. Transformation of cadmium due to 

Eh-pH conditions (Langmuir, 2004). 

alkaline conditions in the soil, therefore is not 

suitable for agriculture. Phytoremediation is a 

safe method, but it is limited by slow plant  

growth and uptake, and interference with 

agricultural activities. Another method that is 

currently widely experimented on is 

augmentation of biochar. This is an 

environmentally friendly method for soil 

remediation. So it is cost-effective and easy to 

produce and apply in the contaminated area. 

Numerous studies have proven the 

effectiveness of Biochar in the field of heavy 

metal soil remediation both in terms of heavy 

metal stabilisation )El-Hassanin et al. and 

Wang et al., 2021(, in terms of reducing heavy 

metal accumulation in agricultural products 

such as rice )Lv et al., 2021 and Thi et al., 

2022(, lettuce )Wang et al., 2021(, tobacco 

)Yao et al., 2021(, and in terms of increasing 

rice yield )Lu et al., 2017(. Biochar is black 

carbon with high quality of soil amendment 

such as water, minerals and organic matter 

holding capacity )Maichu et al., 2018(. 

Furthermore, biochar has high porosity and 

surface area with high cation exchange 

capacity and numerous functional groups that 

helps to adsorb various pollutants including 

heavy metal. The adsorption isotherm of 

biochar from the results reported by 

Oranratmanee and Tungittiplakorn )2021( 

showed that biochar has high efficacy for 

cadmium adsorption and biochar produced 

from rice straw was most effective for 

decreasing the amount of CaCl2 and EDTA 

extracted Cd compared to biochar made from 

bagasse and rice husk. 
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This research was aimed at decreasing of 

cadmium accumulation in rice grain to be 

within the food standard. Rice straw biochar 

)RSB( was used to remediate cadmium 

contaminated soil sampled from Mae Sot 

because of the availability of rice straw in that 

area. The mechanism and the effectiveness of 

biochar augmentation were investigated. 

 
Materials & Methods 

Soil and Biochar Preparation 

Rice straw biochar )RSB( was produced 

by pyrolysis process at 450°C for 4 hours. 

Then the biochar was grinded and sifted to 250 

microns.  The properties were analyzed as 

shown in Table 1. The characteristic of RSB 

surface was analyzed by scanning electron 

microscope )SEM( as shown in Figure 2. 

 

Table 1 Properties of RSB. 

Parameters Results 

pH 10.15 

CEC )cmol/kg( 32.8 

Surface area )BET( )m2/g( 89.13 

Total pore volume )cm3/g( 0.09 

Pore diameter )nm( 4.0402 

 

 

 
Figure 2.  Scanning electron micrograph of 

RSB. 

 

Cadmium contaminated soil were 

collected from a paddy field in Phra That Pha 

Deang Sub-district, Mae Sot District, Tak 

Province. The soil was dried and 

homogeneously mixed. The properties were 

analyzed as shown in Table 2. 

 

Table 2 Properties of contaminated soil. 

Parameters Results 

pH 7.50 

Eh )mV( 80 

EC )µS( 446  

Soil texture Clay loam 

% Sand 26 

% Silt 36 

% Clay 38 

OM )g/kg( 26 

N )g/kg( 1.08 

P )g/kg( 0.25 

CEC )cmol/kg( 21.5 

Total Cadmium )mg/kg( 45.33 ± 4.25 

 

 

Rice Plantation and Analysis of Cadmium 

Accumulation in Rice Grains 

The contaminated soil was mixed with 

RSB at 3 concentrations )0, 5 and 7% w/w(. 

Four kilograms of mixed soil was incubated in 

plant pots with water saturated condition for 

14 days. Then 10 rice seeds )RD43( were sown 

in each pot. The water level in each pot was 

kept at 3-5 cm until harvest. After rice grains 

were harvested at 95 days, the soil in each pot 

was sampled to determine the pH and Eh by a 

Mattler Toledo F20 pH meter. Brown grains 

were divided into milled rice and husk. Milled 

rice and husk were digested with nitric and 

hydrochloric acid at 1:3 ratio. Cadmium 

concentration was determined by atomic 

adsorption spectroscopy )Agilent 240FS(. 

 

Analysis of Rice Yield 

Rice spikes and grains were collected in 

day 95. The characteristics and length of 

spikes were observed and recorded. After that, 

rice yields were determined by weight of 

spike, brown grain and milled grain produced 

in each pot. The grain size was determined by 

weighing 20 rice grains. 

 

Analysis of Pore Water and Phytoavailable 

Cd 

Soil samples from each pot were 

collected before and after planting. Pore water 

cadmium )Free cation of Cd2+( was leached by 

mixing 2 g of soil with 15 ml of 0.01 M CaCl2. 
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Phytoavailable cadmium )cation of Cd weakly 

bounded to anion of clay particles( was 

leached by mixing 2 g of soil with 15 ml of 

0.05 M EDTA. The mixtures were shaken at 

120 rpm for 24 hours and filtered with 

Whatman no.42 filter. Cadmium concentration 

was determined by atomic adsorption 

spectroscopy. 

 

Results 

Cadmium accumulation in rice grains 

The cadmium concentration in rice 

grains were shown in Figure 3. In the control 

treatment, cadmium concentration in milled 

rice and husk were 2.23 and 0.98 mg/kg, 

respectively. In the treatment of 5% RSB, 

cadmium concentration in milled rice and husk 

were reduced by 40.4 and 50%. Furthermore, 

in the treatment of 7% RSB cadmium 

concentration in milled rice and husk were 

reduced by 79.4 and 59.18% respectively. The 

results clearly showed that the increase in the 

amount of RSB resulted in lower cadmium 

uptake to the grains, especially in milled rice. 

 

 
Figure 3. Cadmium concentration in milled 

rice and husk. 

 

Soil samples were collected to 

determined Eh and pH as shown in Table 3. 

The results showed that RSB influenced the 

oxidation potential and the pH of the soil. 

Reduction in the oxidation potential and 

increased pH could have caused Cd to be in a 

more stable form. 

 

 

 

 

Table 3 Results of Eh and pH of soils after 

harvesting. 

Treatments Eh )mV( pH 

0% RSB -112 7.2 

5% RSB -146 7.29 

7% RSB -263 7.47 

 

Effects of RSB on Rice Yield 

The results of rice yield in Figure 5 

showed that RSB at 7% was the most effective 

in increasing the number of spikes, brown 

grains and milled grains weight by 247, 404 

and 411%, respectively. The length of spikes 

in all treatments were not significantly 

different. The results of 20 grain weight 

preparation showed that higher amount of 

RSB could significantly increase grain size 

and 7% RSB increased grain size by 15.22%.  

Pore Water and Phytoavailable Cadmium 

The concentration of pore water and 

phytoavailable cadmium, were shown in 

Figure 6. The concentration of pore water 

cadmium in control treatment was 0.40 mg/kg. 

After the application of RSB at 5 and 7%, the 

concentration of cadmium decreased to 0.18 

and 0.08 mg/kg, respectively. The 

concentration of phytoavailable cadmium in 

control treatment was 2.22 mg/kg. After the 

application of RSB at 5 and 7%, the 

concentration of cadmium decreased to 2.13 

and 1.98 mg/kg, respectively. These results 

clearly showed that RSB can stabilize 

cadmium in soil water and reduce its 

bioavailability to plants. 
 

Discussion 

The results in Figure 3 showed that 

cadmium fixation ability of RSB could reduce 

cadmium mobility and plant uptake. These 

results are consistent with the results reported 

by Lv et al. )2021( that higher amount of 

biochar could adsorb and reduce available 

cadmium in soil caused the lower cadmium 

accumulation in rice. 

Decreasing cadmium uptake caused 

lower stress to rice. Therefore, rice yield was 

increased as shown in Figure 4 in the treatment 

of 7% RSB. These results are consistent with 
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the results reported by Abbas et al. )2017( that 

biochar could adsorb cadmium in soil and 

caused the decrease of cadmium uptake and 

stress and the increase of plant growth. 

The results of cadmium accumulation 

and rice yield were explained by the results of 

pore water and phytoavailable cadmium in 

Figure 5. The characteristic of RSB in Figure 

2 showed that RSB has very large porosity and 

surface area to adsorb cadmium.  The higher 

amount of biochar resulted in lower cadmium 

concentration in soil water because of the 

higher adsorption site on biochar surface. 

These results corresponded well with the 

results of RSB properties. Large surface area 

with high pH and CEC enhanced cadmium 

adsorption. 

According to Figure 1, the results of Eh 

and pH of contaminated soil from Table 2 

showed that cadmium was in the form of 

cadmium ion )Cd2+( which is the most mobile 

form. The results of Eh and pH of soils after 

harvesting in Table 3 showed that biochar 

could increase the pH and decrease the Eh to 

the reduction state. In the treatment of 5% 

RSB, cadmium was still in ion form but in the 

treatment of 7% RSB cadmium was in the 

form of cadmium sulphide )CdS(. In the 

treatment of 5% RSB, the decreasing of 

cadmium uptake was caused by adsorption of 

cadmium ions on RSB surface. However, from 

the treatment of 7% RSB, cadmium was 

changed to stable form. Thus, cadmium was 

fixed in soil by both adsorption and co-

precipitation on the surface of biochar. 

These results are consistent with the 

results reported by Wang et al. )2021( that 

biochar could reduce the leachability of 

cadmium and transform into more stable 

forms. The Decrease phytoavailable cadmium 

caused lower cadmium uptake and 

accumulation in rice grain. In the soil collected 

after harvesting, phytoavailable cadmium 

decreased along with incubation time. 

Especially in the treatment of 7% RSB that 

phytoavailable cadmium was decreased by 

19.82%. These results indicated that RSB 

could effectively reduced cadmium uptake to 

rice grain. 

However, even though biochar 

augmentation performed in this experiment 

was able to decrease cadmium concentration 

in rice grain from 2.23 to 0.46 mg/kg, the 

concentration still exceeded the CODEX 

standard of 0.4 mg/kg. 

Nevertheless, this experiment showed 

that biochar augmentation has high potential 

for soil remediation in Mae Tao Creek area. 

Further investigation and field experiments are 

needed to ensure the effectiveness of this 

method. 

 
Figure 4.  Effect of RSB on spike length )cm(, 

spike weight per pot )g(, brown grain weight 

per pot )g(, milled grain weight per pot )g( and 

weight of 20 grains )g(. 
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Figure 4.  Effect of RSB on spike length )cm(, 

spike weight per pot )g(, brown grain weight 

per pot )g(, milled grain weight per pot )g( and 

weight of 20 grains )g( (continue). 

 

 

 

Figure 5.  Effect of RSB on )A( the 

concentration of pore water cadmium )mg/kg(  

and )B( phytoavailable cadmium )mg/kg( 
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Abstract 

Thailand continued to be a net rice exporter however, annual production is declining. Like in 

other countries, Thailand is vulnerable to climatic changes as well as environmental and market risks. 

Empirical research revealed that production risks and inefficiencies lead to variation in production. 

However, most studies focused on investigating either the risk or inefficiency in farming, while few 

studies consider both factors. Using the case of rice farmers in Chiang Rai province, Northern 

Thailand, this study employs a stochastic production frontier model with risks specification. The 

analysis investigates both the production risks and technical inefficiency to explain the total 

variability in production. Study results show the availability of family and hired labour are risk 

decreasing while inefficiencies in applying seeds and fertilizer may increase production variability. 

While farmers who avail credit face higher risk since credit amount is not intended solely for 

production purposes. As expected, farmers with higher perceived environmental and market risks 

show higher production risks. Diversifying sources of income would be advantageous in light of the 

global climate change experience and its effects on agricultural livelihood. Given that both 

agriculture and rising food production contribute to greenhouse gas emissions, a comprehensive 

strategy for reaching the sustainable development goals requires a thorough understanding of the 

environmental, social, and economic effects of policy interventions. 

 

Keywords: rice, farming, production risk, efficiency, stochastic frontier 

Introduction 

Since the establishment of the 

sustainable development goals )SDG(, 

Thailand has aligned its National Economic 

Development Plan )NEDP( through the 

principles of Sufficiency Economy Philosophy 

)SEP( to achieve the SDGs. The SEP aims to 

provide a holistic approach to developing the 

country’s agricultural management system to 

promote food security and sustainability, 

aligning to SDG1 ending poverty and SDG2 

zero hunger )Kuwornu, 2017(. However, 

agriculture is one of the many sectors that is 

highly affected by climate change, and in 

response, the SDG13 focuses on “combating 

climate change and its impacts” )Bruce M et 

al., 2018(. To add, the occurrence of the Covid-

19 pandemic has disrupted the global trade and 

supply chains affecting the progress of the SDG 

2030 agenda )UN, 2022(. The current global 

state added challenges to farmers’ long-existing 

constraints and the increasing variability in 

production. In a resource-constraint country 

like Thailand, the increasing occurrence of 

floods, drought, rising temperatures, and 

unpredictable weather conditions coupled with 

restrictions brought by the pandemic further 

increase output variation. For instance, in a 

meta-analysis summarizing agricultural-related 

studies, the analysis shows that 70 percent of 

the studies included projected a 10-50 percent 

decline in crop yield by 2030, partly due to 

climate change impacts )Challinor et al., 2014(.  

On the other hand, studies that show how 

technical efficiency influences input choices 

and how those choices affect variability in 

production are widely available. Although 

studies on technical efficiency in agriculture 
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are vast, there is still thin literature estimating 

the technical efficiency and production risk 

simultaneously within the same framework 

)e.g., Alam et al., 2019; Chang & Wen, 2011; 

Villano & Fleming, 2004(. Given the agricultural 

sector’s challenges, interest in production risk 

is an important input in farm decision-making. 

Consequently, technical efficiency is closely 

linked to farmers’ socioeconomic background 

and technological skills )Alam et al., 2019; 

Llones et al., 2022(. Thus, looking into both 

technical efficiency and production risk is 

critical and provides additional insights. 

Following the literature, we estimated the 

production function, risk, and )in(efficiency 

using a stochastic frontier analysis )SFA( with 

risk specification.  

This study aims to examine the production risk 

and technical inefficiency in explaining the 

variability of rice production. Moreover, we 

investigate the association of farmers’ 

perceived effects of environmental and market 

factors on farmers’ production risk. The 

remainder of this paper proceeds as follows. 

The next section presents the background of the 

study area and the analysis used. Afterward, we 

present the main findings of the study and 

finally provide the discussion and implications 

of the study. 

Materials and Methods 

Study area 

The study examined the case of rice 

farmers situated along the Mae Lao irrigation 

project in the province of Chiang Rai, Northern 

Thailand. The province’s wet season occurs 

between June and November, while the dry 

season lasts from March to May. During the 

wet season, irrigation serves as a 

supplementary while enabling rice production 

during the dry season. However, water deficits 

are often experienced during the dry season, 

causing some rice farmers to produce rice only 

during the rainy season. The risk of water 

shortage drives some farmers to plant other 

crops or engage in off-farm works. Aside from 

water insecurity, farmers were also concerned 

with the effects of climate change, such as 

unpredictable weather conditions, rising 

temperatures, flooding, and the increasing 

occurrence of natural disasters that destroys 

planted crops.  

Due to the environmental phenomenon’s 

impact on rice production, investigation of 

agricultural development should not only be 

limited to farmers’ managerial and technical 

skills but also consider the associated perceived 

risks. Hence, this study investigates rice 

production by decomposing the production 

variability into inefficiency and production 

risks. Table 1 summarizes the input-out 

variables used in production and the 

explanatory variables used in the data analysis 

discussed in the next section. A total of 294 rice 

farmers across the three branches of the Mae 

Lao irrigation were surveyed. Also, a focus 

group discussion was conducted before and 

after the survey to gather site-specific 

information and validate the study results. 

 

 

 

 

 

 

 

 

Table 4. Summary statistics of the variables used in the analysis. 
Variable Definition Mean /)Percent( SD 

seed total seeds )kg/rai( 17.42 4.88 

fertilizer total fertilizer )kg/rai( 36.69 14.96 

family labour total family labour )hr/rai( 77.13 56.8 

hired labour total hired labour )hr/rai( 10.48 19.79 

household member 

number of household 

members 3.47 1.37 
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farming years number of years in farming 30.91 14.34 

land ownership 1 if landowner; 0 otherwise )69%(  
pesticide 1 pesticide used; 0 otherwise )45%(  

credit 

1 if received credit; 0 

otherwise )53%(  
environmental factor Environmental and market 

factors’ perceived effects 

4.62 1.42 

market factor 4.93 1.4 
Notes: Perceived effects of environmental and market factors on production were measured using a seven-

point scale, 1 = low effects to 7 = high effects. A factor analysis was used to test the reliability of the items 

used for deriving the composite scores for environmental and market risks. Cronbach’s alpha was 0.72 and 

0.81 for environmental and market factors, respectively. 

Data analyses 

 The study used a modified stochastic 

frontier production function with risk 

specification controlling for the inefficiency 

effect and the random error component to 

estimate production risk and technical 

inefficiency simultaneously. Following the Just 

and Pope )1979( )JP( model, the SFA with risk 

specification was adopted in the study. The JP 

model makes a distinction between how the 

input affects mean output and variance. 

Consequently, Kumbhakar )2002( suggested a 

more generalized flexible specification of the 

JP model specified below. 

 𝑦𝑖 = 𝑓 𝑥𝑖; 𝛽 + 𝑔 𝑥𝑖; 𝜓 𝑣 − 𝑞 𝑧; 𝛿 𝑢 )1( 

Where 𝑦𝑖 denotes the output; 𝑓 𝑥𝑖; 𝛽  is the 

production function that identifies the effects of 

input on the mean production; 𝑔 𝑥𝑖; 𝜓  is the 

variance function reflecting the effects of 

inputs on the production variance; 𝑞 𝑧; 𝛿  is the 

inefficiency function; 𝑣 is the random error 

term 𝑖𝑖𝑑 ~𝑁 0,1 , and 𝑢 is the nonnegative 

random variable capturing the technical 

inefficiency. Following the theoretical model in 

)1(, the study’s empirical deterministic 

production function is specified below. 

𝑦𝑖 = 𝑓(𝛽0 + ∑𝛽𝑗𝑥𝑖𝑗

4

𝑗=1

+
1

2
∑∑𝛽𝑗𝑘𝑥𝑗𝑥𝑘

4

𝑘=1

4

𝑗=1

) )2( 

Wherein 𝑦𝑖 is the production output measured 

as the rice harvested in kilogram per rai and 𝑥𝑗 

are the 𝑗th inputs used in production, such as 

seeds, fertilizers, family labor, and hired 

labour. Whereas the inefficiency and risk 

functions are defined by equations )3( and )4(, 

respectively. 

 𝜎𝑢
2 = 𝑔(𝛿0 ∏𝑋

𝑗

𝛿𝑗

6

𝑗=1

) )3( 

The 𝑥𝑗 explanatory variables in the inefficiency 

function in )3( are assumed to explain rice 

farmers’ inefficiency level. The explanatory 

variable includes family labour, hired labour, 

pesticide, household member, farming years, 

and land ownership. 

 𝜎𝑣
2 = 𝑔(𝜓0 ∏𝑧

𝑗

𝜓𝑗

7

𝑗=1

) )4( 

In the variance function, the 𝑧𝑗 are the 

explanatory variables assumed to explain the 

variability in production due to production risk 

such as the seed, fertilizer, family labor, hired 

labor, credit, environmental, and market 

factors. 

Following Kumbhakar )2002(, the parameters 

in )2(-)4( were estimated using the log-

likelihood function specified below.  

 

𝑙𝑛𝐿 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 −
1

2
Σ𝑖 ln[𝑔 𝑥𝑖; 𝜓 𝑣 +

𝑞 𝑧𝑖; 𝛿 𝑢] + Σ𝑖 lnΦ (− 𝑖𝜆𝑖

𝜎𝑖
) −

1

2
Σ𝑖

𝑖
2

𝜎𝑖
2  

)5( 

To estimate the SFA with risk specification, we 

used the R packages sfaR by Dakpo et al. 

)2021( and the ggplot2 package by Wickham 

)2016( for the plots presented in this paper. The 

R codes used for the data analysis and plots can 

be accessed using the link [t.ly/RcH4]. 
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Results 

Environmental and market factors perceived 

effects on farmer’s production 

The perceived magnitude of 

environmental and market factors’ effects on 

farmers’ production was measured using a 

seven-point Likert scale, as shown in Figure 1. 

Most farmers considered the occurrence of 

drought with the highest perceived effects on 

their rice production. During the dry season, 

which typically occurs from March to May, rice 

farms relying upon the Mae Lao irrigation often 

experience water deficits, especially farms at 

the lower tail end of the irrigation canal. On the 

other hand, items under environmental factors, 

unpredictable weather conditions, rising 

temperature, and erratic rainfall have the least 

perceived effects.  

In terms of market factors, uncertainties in 

price have the highest perceived effect, 

followed by input price and the influence of 

middlemen. The inability of farmers to 

influence market price coupled with increasing 

input price adds challenge for farmers to 

finance the next cropping season and add 

constraints for them to support their household 

needs. 

 

 
Figure 2. Farmer’s perceived effects of selected environmental and market risks in the study area. 

Production efficiency estimates and 

distribution 

Results of the parameter estimates of 

the mean stochastic production function are 

presented in Table 2. The output and input 

variables values were normalized using the 

variable’s sample means. All the production 

inputs are nonnegative and significant except 

for fertilizer. Input seeds and the use of hired 

labour contribute larger to the total output, as 

shown by the magnitude of its elasticity. 

Overall input elasticity indicates that farmers 

are operating under decreasing return to scale, 

which implies that output increases by less than 

the percentage increase in the input used in 

production. 

Using the production function specification 

defined in equation )1(, we estimated the 

efficiency score of each rice farmer. Figure 3 

presents the empirical cumulative density 

function of the estimated efficiency score of 

farmers located across the three branches of the 
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lower main canal of the Mae Lao irrigation. 

Farmers in branches 1 and 2 have higher 

technical efficiency scores than farmers in 

branches 3. This could be partly because farms 

in branches 1 and 2 are situated near the main 

canal, while branch 3 is in the irrigation canal’s 

lower tail, which experienced more water 

deficits. This may indicate water security’s 

potential effects on the efficiency of rice 

farming in the study area. 

The technical efficiency scores below the 

overall mean TE reveal a wider gap across 

irrigation branches. In addition, there is greater 

variability among less efficient farms than with 

more efficient farms.  Above the overall mean 

TE, there is a narrow gap in the efficiency score 

estimates and less variability across branches. 

Table 5. SFA estimates of the mean stochastic production function. 

Variable Coefficient Std. Error 

)Intercept( 0.511*** 0.106 

ln seed 0.386** 0.175 

ln fertilizer 0.036 0.103 

ln family labor 0.191** 0.091 

ln hired labor 0.395*** 0.082 

1/2 * )ln seed(^2 -2.164*** 0.807 

1/2 * )ln fertilizer(^2 -0.178 0.364 

1/2 * )ln family labor(^2 0.0764 0.085 

1/2 * )ln hired labor(^2 0.215* 0.120 

ln seed * ln fertilizer -0.042 0.352 

ln seed * ln family labor -0.083 0.151 

ln seed * ln hired labor 0.030 0.145 

ln fertilizer * ln family labor 0.066 0.121 

ln fertilizer * ln hired labor 0.077 0.104 

ln family labour * ln hired labor -0.079 0.057 

   

 
Figure 3. Technical efficiency score by irrigation branch. 
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Production risk estimates and distribution 

Parameter estimates of the inefficiency 

and variance function are summarized in Table 

3. In the inefficiency function, a positive 

coefficient indicates a positive association with 

technical inefficiency, while a positive value in 

the variance function signifies risk-increasing 

effects.  

Family labour is negative and significant, 

implying that the use of family labour is 

negatively associated with inefficiency and a 

risk-decreasing input. In contrast, using hired 

labour is positively associated with inefficiency 

but has a risk-decreasing effect on production 

risk. Furthermore, consistent with family 

labour results, a larger household size allows 

greater availability of family members for 

labour farming, positively affecting efficiency. 

On the other hand, increasing years in farming 

is associated with higher efficiency, whereas 

farmers who rent are more efficient than those 

who own the land they are farming. 

Consequently, farmers who are more 

vulnerable to environmental risk show higher 

production risk. Similarly, market risk is 

positively associated with higher production 

risk. 

Decomposing the total variability in production 

into inefficiency and production risks, in Figure 

3, the overall share of production risks to the 

total variation in production was 26.24 percent. 

This implies that, on average, the larger 

proportion of the total production variability is 

due to inefficiency in farming. Also, across 

irrigation branches, a higher efficiency was 

estimated for branches 1 and 2, which implies 

a larger proportion of the total production 

variability is due to production risk. In contrast, 

branch 3 is less efficient than other irrigation 

branches, showing that production variation is 

largely due to inefficiency.  
 

 

Table 6. Parameter estimates of the inefficiency and variance function. 

Variable Coefficient Std. Error 

Inefficiency function     

family labour -0.586* 0.301 

hired labour 0.203 ** 0.101 

pesticide 0.297 0.242 

household member -0.227** 0.100 

years in farming -0.014 0.010 

land ownership 0.865*** 0.307 

Variance function     

seed 0.869** 0.409 

fertilizer -0.294 0.314 

family labour -0.557* 0.292 

hired labour -0.902** 0.364 

credit 0.0385 0.081 

environmental factor 1.117* 0.595 

market factor 0.282 0.547 
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Figure 4. Production risk percentage shares with total production variability. 

Discussion 

Thailand’s Sufficiency Economy 

Philosophy )SEP( has been the primary 

framework in formulating the country’s 

National Economic and Social Development 

Plan, which aligns with the sustainable 

development goals. The country’s agricultural 

sector is critical in achieving several SDG 

targets like zero hunger, economic growth, 

responsible production, and poverty 

alleviation, especially in rural areas. However, 

climatic changes and other environmental 

factors significantly impact the agriculture 

sector)Nguyen et al., 2022(. For example, in the 

study area alone, the occurrence of floods and 

drought have the highest perceived impact on 

the production activities of farmers. Similarly, 

like in other Asian countries,  extreme weather 

events and climate change have already 

exacerbated the declining crop yields )Tong et 

al., 2019(. This implies the importance of 

immediate adoption of effective interventions 

and risk-adjusting behaviour to mitigate the 

agricultural sector’s increasing vulnerability, 

wherein adaptation includes not only the use of 

economic-driven incentives but also the social 

and ecological systems )Babel et al., 2011; 

Llones et al., 2021(.  

On the other hand, market risks brought by 

uncertainties of agricultural prices and input 

prices remained to impact farm earnings 

significantly. As presented in the result section, 

the impact of middlemen on farmers’ 

production is perceived to be high among 

farmers. During a group discussion, we found 

that several farmers still engage with 

middlemen to sell their harvest, which often 

entails lower prices. Albeit such a 

disadvantage, farmers continued to transact 

with middlemen primarily due to their 

convenient harvest disposal. In response, the 

establishment of farmer cooperatives was 

promoted in developing the market linkage and 

value chains through the Cooperative 

Promotion Department )CPD( in Thailand 

)Thuvachote, 2006(. The scheme aims to 

improve farm earnings through collective 

marketing as a cooperative enterprise.  

Although the development of farmer 

cooperatives allows some benefits for farmers, 

such as special provisions for crop financing to 

mitigate risks and production input supports. 

However, without addressing the declining 

efficiency level in farming, the agricultural 

sector may continue to experience declining 

aggregate output. Study results estimated 
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farmers’ technical efficiency level at 63 

percent, which implies a potential 37 percent 

increase in production if inefficiencies are 

addressed. At the same time, other studies of 

technical efficiency across provinces of 

Thailand estimated that the level of technical 

efficiency ranges from 60-80 percent 

)Chaovanapoonphol et al., 2009; Llones et al., 

2022(. Furthermore, looking at the spread of 

efficiency scores presented in Figure 3, more 

than half of the total farms are very inefficient. 

In contrast, only a few farmers are fully 

efficient.  

While most studies on the economic analysis of 

rice farming in Thailand focus on )in(efficiency 

alone, this study decomposed the production 

variability into inefficiency and production 

risk. We found that production risk contributes 

about 26 percent of the total output variance 

among sampled farms. This implies that 

variation in production due to inefficiency is 

greater than variation in production due to 

production risk. In contrast to other agricultural 

and aquatic products, production risk takes a 

larger share of output variance than 

inefficiency among lowland rice farms in the 

Philippines )Villano & Fleming, 2004(, tilapia 

aquaculture in Bangladesh )Alam et al., 2019(, 

and in various agricultural enterprises in Russia 

)Bokusheva & Hockmann, 2005(. In this 

study’s case, given the larger share of 

inefficiency in explaining the variability of rice 

farming in the sampled farm, this indicates that 

when investigating agricultural development in 

Thailand, more attention must be given to 

developing Thai farmers’ technical efficiency 

while supporting farmers in mitigating risks.  

Finally, although this study investigates both 

the production risks and inefficiency to explain 

production variability, further research is 

needed for other provinces in Thailand. While 

there is a rich empirical study investigating 

production efficiency in Thailand, there is a 

limited available study investigating risk and 

inefficiency simultaneously. Investigation of 

the agricultural production development should 

involve farm management aspects and risks to 

design more effective policy interventions. 

Nevertheless, agricultural production and 

increasing food production also contribute to 

greenhouse gases which adversely impact 

environmental and natural resources )Kasem & 

Thapa, 2012(. Thus, policy interventions need to 

look also on the environmental, social, and 

economic impacts for a holistic approach to 

implementing the Sufficiency Economy 

Philosophy in Thailand to achieve the SDG 

agenda altogether.  
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Abstract 

This research aimed to study product management and analyze the cost and return of soybean 

production in Chiang Mai Province. Data were collected from a sample group of 100 farmers, which 

separate to be 2 groups. The results found that the farmers who owned the land focused on soil 

preparation, weeding, and improving soil conditions for growing soybeans. In addition, the average 

cost of soybean production was 5,544 baht per rai, with a return of 324 baht per rai. Nevertheless, 

the farmers who rented land for soybean production focused on farm practices and management 

(during growing). These farmer group's average cost and return were 8,194 baht and -1,694, 

respectively. Therefore, land lease fee, land tax, wage, were different in both agriculturist groups 

with statistical significance at 0.01. Furthermore, wage for labor work, water supply, fertilizers, 

pesticides, labor welfare were greatly different with statistical significance at 0.05. These results 

indicate that farmers that do not own land should adjust their management according to the group of 

farmers that have their own land. It is to reduce production cost and control unnecessary expense, so 

the profit will increase. 

 

Key words: Costs and Returns, Chiang Mai, Soybean 

 

Introduction 

Land refers to grounds and other 

natural resources. If those resources are 

fruitful, there will be more chances of faster 

development for further sustainability. The 

benefit from the land is rental fee. )Economic 

Land for Agriculture, Development 

Department, Land Development Department, 

B.E. 2565( Land is considered one of natural 

resources that is also a factor in agricultural 

produce. It affects producing process and 

income, therefore, most of farmers must own 

a land for agriculture.   

 Land ownership mean rights that a 

person owns of the land, including the right 

to use the land and to own the land. Each type 

of the ownership affects differently on 

agricultural produce and the income. 

Sometimes agriculturist who owns the land 

might possess different stability. There are 2 

types of ownerships 1( Landowner, the 

ownership that owns fully and every right 

towards certain land. The owner can sell the 

land or use it as they see fit under the extent 

of law. This type of ownership, the owner has 

the ability to plan the producing process more 

than other types. 2( To own the land as a 

lease. For farmers who has lower income, 

they do not own a land. They must rent it for 

agricultural produce. The problem that 

occurs often, therefore, is about land lease, 

especially if it is related to income from 

agricultural produce. There are 3 types of 

rental fee; cash, produce, and mixture of the 

previous two. 

Chiang Mai is one of the top 5 most important 

provinces for soybean plantation in Northern 

part of Thailand )Office of Agricultural 

Economics, B.E. 2565.( It has 3,225 rais with 

965 households that plant soybeans. Farmers 
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in Chiang Mai also own the lands differently. 

Therefore, those who rent the lands and those 

who owns their own lands have different 

ways to manage their produce and cost. With 

this being mentioned, it encouraged the study 

of cost and profit, comparing farmers who 

rent the lands and farmers that have the lands. 

They are farmers who plant soybean in 

various districts; Chiang Dao, Hang Dong, 

Phrao, and Mae Rim. 
 

Materials and Methods 

Population and sample 

This study is exploratory research, the 

population in the study was 965 households 

of soybean farmers in Chiang Mai Province 

)Department of Agriculture Extension. 

)Ministry of agriculture and cooperatives, 

2020(. The sample group was determined by 

using the sample size determination method 

from the Yamane Taro formula )1973( by 

specified the error value of 0.10. The farmer 

that participates in this study is 100. Hang 

Dong, Chiang Dao, Phrao, and Mae Rim 

district were represented entire population in 

Chiang Mai by selected from the proportion 

of the number of farmers because it is an 

important cultivation area of Chiang Mai. 

Primary data were collected from interviews 

with farmers, which 44 farmers who own 

land and 56 land tenants, by accidental 

sampling.  

 

Data analyses 

The data were analyzed by divided 

into 2 parts. The first part was analyze the 

production management which was divided 

into 3 parts: soil preparation, the process 

during cultivation and taking care, 

harvesting, and selling. The descriptive 

statistics were used to analyze )average and 

percentage(. Then analyze the cost and 

return. This study also compare the 

differences between the groups of farmers 

who own land and who lease land. In this 

study, total cost was considered from total 

fixed cost and total variable cost which every 

cost is included cash and others that are not 

cash )Depreciation Expense, labor within the 

household, etc.(.  

Can be analyzed cost, return, and 

break-even point from 

Total revenue = price * quantity 

Return above variable costs = Production 

revenue - Total variable costs 

Net return above cash cost = production 

revenue – total cash cost 

Net return above all costs = production 

revenue – total production costs. 

Average yield at break-even point  

= 
𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑟𝑖𝑐𝑒
  

Break-even price level  

=      
𝑇𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑠𝑡

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 
 

Moreover, there is also the comparison of the 

average number of cost and profit from both 

groups of farmers by using statistical 2 

sample t-test. (T – test independent) 

𝑡 =  
𝑋1 − 𝑋2

√
𝑆1

2

𝑛1
+ 

𝑆2
2

𝑛2

 

 

𝑡 ∶   𝑡 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 

𝑋1, 𝑋2 ∶  𝑚𝑒𝑎𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑔𝑟𝑜𝑢𝑝 1 𝑎𝑛𝑑 2 

𝑆1
2, 𝑆2

2:  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑔𝑟𝑜𝑢𝑝1 𝑎𝑛𝑑 2 

𝑛1, 𝑛2 ∶ 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑔𝑟𝑜𝑢𝑝 1 𝑎𝑛𝑑 2 

 

Results 

Socioeconomic characteristics of sample 

farmers 

From this study of the socioeconomic 

characteristics of the two groups of farmers, 

it was revealed that farmers who rented the 

land at decision-makers were male, 71.42%, 

age over 60 years, 44.64%, followed by 51-

60 years, 37.5%, which the most of graduated 

farmers was primary school )1st – 4th grade(. 

Farming experience was mostly 1-10 years. 

The mostly areas of cultivation of soybean 

were 1-3 Rai )30.35%(, followed by 4-6 Rai 

)25.00%(, according to 10 rai or more, and 4-

9 rai. Moreover, the farmers who have own 

land decision-makers were male, 63.63%, 

age over 60 years old )52.27%( most have 

graduated at primary school )1st – 4th grade(, 
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59.09%. Farming experience is 1-10 years, 

soybean planting areas are mostly 1-3 Rai 

)36.36%( followed by 4-6 Rai )36.36%(, 4-9 

rai and 10 rai or more )12%(. So, two groups 

have similar socioeconomic characteristics. 

However, the difference is farmers with land 

use soybean planting area less than farmers 

who rent land due to the farmers who rented 

land want to reduce production costs as an 

economy of scale. )Table 1(  

 

Soybean cultivation management 

the result showed that step 1 soil 

preparation. The farmers who own the lands 

pay more attention to soil preparation more 

than those who rent the lands, which can be 

seen from the percent of loosening and 

ridging the soil in farmers who own the lands 

are 29.54 and 95.45 respectively. The 

numbers are higher than farmers who rent the 

lands which are 10.71 and 83.92 respectively. 

The farmers who own the lands consider that 

nurturing the land before the plantation will 

raise the amount of soybean and will also 

affect on the next season’s produce.  

Step 2 stages between planting and garden 

management. Farmers who rent the lands 

focus on stages between planting and garden 

management. This is shown by the frequency 

of watering by farmers who rent the lands, 

which equals to 14.10 times per cycle and 

5.28 times per week for the field visit. Which 

is more frequent than farmers who own the 

lands who have 13.22 times of watering per 

cycle and 4.95 times of field visit per week. 

Even the average distance from the house to 

the field for farmers who rent the lands )0.98 

km.( is further than the other group )0.64 

km.(  Step 3 harvest and distribution process. 

For harvest and distribution process, it was 

found that the harvest of the landowners uses 

household labors equally to employed labors. 

But for the rental area, they use more of 

employed labors. For the distribution 

process, both groups sell their produce at the 

farm with trucks waiting for the produce at 

the farm. )Table 2(. 

 
Cost and return of Soybean Production 

The cost of soybean production is 

divided into variable cost and fixed cost 

(table 3). The total cost in soybean 

production for farmers who have the land is 

5,544 baht per rai which is 1,370 baht per rai 

for fixed cost (24.72%). The fixed cost 

includes depreciation for 1,153 baht per rai 

and land tax for 216 baht per rai. There is also 

variable cost for 4,173 baht per rai (75.28%). 

The return for landowners is 293.88 kg. /rai 

with the average selling price at 19 baht/kg. 

The income for them is 5,868 baht which 

equals 324 baht per rai. When calculated 

from the current price, it shows that the level 

of produce that match the break-even point 

should be 277.61 kg. per rai or they should 

sell soybean at 18 baht/kg.  This indicates that 

for the landowners, selling by the current 

price is already enough for them to cover the 

cost. Farmers who rent the land have the cost 

at 8,194 baht/rai and it is 3,550 baht/rai for 

fixed cost (24.72%). The fixed cost includes 

opportunity cost for 673 baht per rai and 

equipment depreciation for 1,261 baht/rai. 

There is also rental fee for 1,616 baht/rai at 

average. The variable cost is 4,643 baht/rai 

(56%). For the return, they gain produce 

323.06 kg. /rai in average and sell them at 20 

baht/kg. They received about 6,499 baht/rai 

so their return was -1,694 baht/rai.  This 

shows that the group that rent the lands 

should not sell the produce at the current 

price. They should sell it at 25 baht/kg. or 

increase their produce to 407.26 kg./rai so 

they can meet the break-even point. 

Therefore, the landowners earn more than 

those who do not have their lands.  When 

comparing these two groups, their expenses 

are almost equal which includes expense for 

soil preparation, wages for labor in ridging, 

planting, watering, and pesticides. There are 

also cost for the seeds, hormones, pesticide, 

and fuel for the planting process. For the 

management, there are some differences 

between two groups; land rental fee and land 

tax are different with statistical significance 
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at 0.01 because the rent cost is higher than the 

land tax. For other expenses such as during 

the plantation until the harvest is wage for 

harvesting labors. It has statistical 

significance at 0.01. For water supply cost, 

fertilizers, pesticide, and labor welfare, they 

have statistical significance at 0.05. This 

means that land ownership and land renting 

affect cost and income. When analyzing the 

differences, it was found that there is 

accordance with soybean produce cost (table 

3) which indicates that landowners gain more 

return than the rental because farmers who do 

not have their own land have more cost. The 

research result was also found that average 

cost of land rental fee has statistical 

significance at 0.01 which is higher than land 

tax. Moreover, it is relevant to soybean 

produce management (table 2) about the 

farmers who rent the lands, focusing on 

plantation and field management such as 

fertilizer cost, water supply cost and wages, 

in average, are different. For the difference in 

pesticide cost, it was found that landowners 

pay 190 baht/rai (3%) which is higher than 

the other group which pays 121 baht/rai (1%) 

because farmers who own the lands has less 

field visit at 4.95 times/week compare with 

5.28 times/week. Furthermore, the difference 

of produce is that the farmers that rent the 

land have more produce because they have 

different management systems. 

 

Discussion 

This research study management of 

soybean cultivation and the cost and yield of 

soybean between two groups of farmers as 

who has own land and those with leased land. 

The process of cultivation management 

including 3 processes which are soil 

preparation before planting, the process 

during cultivation and maintenance as well as 

the process of harvest and distribution as 

general farming. For cost and return for both 

groups, it consists of variable costs and fixed 

costs. In this study found that the most cost of 

production in both groups was variable cost, 

consistent with studied of Panupong L. et al 

)2016(. The investigation of analysis of cost 

and return of rice production in Phra Ajan 

Sub-district, Ongkarak District, 

Nakhonnayok province, A Comparison 

between tenants and landowners, the most of 

the costs are variable costs whereas 

considering all variable costs, the main of 

variable costs is labor cost followed by 

production costs. Birhanu A. et al. )2018( 

studied analysis of cost and return of soybean 

production under small. Holder Farmers in 

Pawe District, Northwestern Ethiopia found 

that the harvest and weeding are main cost of 

labor intensive. Suneeporn S. et al. )2020( 

studied cost and return analysis of organic 

and conventional rice production in 

Chachoengsao province, Thailand also found 

that labor cost is the largest portion of the 

total variable cost.  

 

 

Table 1 Socioeconomic Characteristics of soybean producer sample farmers 
Items Land rental (n =56) Own land (n = 44) 

 Frequency Percent Frequency Percent 

Gender       

-Male 40 71.42 28 63.63 

-Female 16 28.57 16 36.36 

Age of head )average 59.43 years(     

Less than 40 years 4 7.14 0 0.00 

40-50 years 6 10.71 6 13.63 

51-60 years 21 37.5 15 34.09 

More than 60 years 25 44.64 23 52.27 

Education level      

-Unlettered 1 1.78 0 0.00 

-Primary school (1st – 4th grade) 28 50.00 26 59.09 

-Junior school (5th – 8th grade) 16 28.57 5 11.36 

-Secondary school (9th – 12th grade) 8 14.28 5 11.36 

-Bachelor’s degree 1 1.78 1 2.27 
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-Postgraduate 0 0.00 0 0.00 

-Vocational Certificate 

/ High Vocational Certificate 

2 3.57 7 15.90 

Family size )average 3.07 persons(     

1-2 20 35.71 13 29.54 

3-4 29 51.78 28 63.63 

5 and more than 5 7 12.50 3 6.81 

Farming experience )average 16.22 years(     

1-10 years 23 41.07 17 38.63 

11-20 years 17 30.35 12 27.27 

21-30 years 7 12.50 11 25.00 

More than 30 years 9 16.07 4 9.09 

Soybean planting area )average 6.28 rai(     

1-3 Rai 17 30.35 16 36.36 

4-6 Rai 14 25.00 16 36.36 

4-9 Rai 12 21.42 6 13.63 

10 Rai or more 13 23.21 6 13.63 

 

Table 2 Soybean cultivation management 
Soil preparation process before planting Rental land Own land 

 Frequency Percent Frequency Percent 

Plow 6  10.71 13  29.54 

Raise a trench 47  83.92 42  95.45 

Stages during cultivation and care   

Drill holes for seeds   

   -Human labor 38  67.85 34  77.27 

   -Sowing machine 18  32.14 10  22.72 

Average watering times )times/crop( 14.10 13.22 

chemical fertilizers 32  57.14 35  79.54 

bio-fertilizer 2  3.57 5  11.36 

hormone  50  89.28 32  72.72 

herbicide  55  98.21 39  88.63 

pesticides 51  91.07 32  72.72 

Average farming machines 3.94 3.68 

Average survey gardens )times/week( 5.28 4.95 

Average distance from house to garden )km( 0.98 0.64 

Harvest and distribution process   

Harvest   

  - Household workers 22  39.28 19  43.18 

   -Contract workers 34  60.71 25  56.81 

Where to buy   

   - pick up at the garden 54  96.42 40  90.90 

   - Take it out and sell it at the place of purchase. 2  3.57 4  9.09 
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Table 3 Cost and return of soybean cultivation  
Unit: Baht/ Rai 

list Total Percentage  

of total cost 

t-test 

P)T<=t( two-tail Rental 

land 

Own 

land 

Rental 

land 

Own 

land 

1. Fixed cost 3,550 1,370 43 24  

Land rent )56 people(  2,289 0 27 0 1.26E-16*** 

Land tax )44 people( 0 216 0 3 9.52E-11*** 

Equipment depreciation 1,261 1,153 15 20 0.142366 

2. Variable cost 4,643 4,173 56 75  

2.1 Soil preparation )Baht/ Rai( 104 154 1 2  

    Tillage costs 104 154 1 1 0.05478 

2.2 Labor Cost )Baht/ Rai( 2,851 2,562 34 46  

Trench  221  197  2 3 0.414993 

Planning  900 930 10 16 0.690359 

Water  42 41 1 1 0.653789 

sowing fertilizer 155 108 1 1 0.003582** 

spraying herbicides 198 171 2 3 0.263655 

spraying pesticides 179 144 2 2 0.158492 

harvest 1153 967 14 20 0.000203*** 

2.3 Factors  989 970 12 17  

Soybean seed  376 382 4 6 0.429413 

Water  185 121 2 2 0.006215** 

Fertilizer  152 97 1 1 0.038677** 

Hormone  75 56 1 1 0.469157 

herbicides/chemicals 121   190  1 3 0.03554** 

pesticides/chemicals 79 120 1 2 0.074383 

2.4 Other expenses 698 486 8 8  

Fuel  179  156  2 2 0.294229 

Labor welfare 519 330 6 5 0.004553** 

3. Total cost )Baht/Rai( 8,194 5,544 100 100 1.42E-05*** 

4. Return of soybean cultivation    

Average yield )kg. /rai( 323.06 293.88 0.076646 

Average Price )Baht/Kg.( 20.12 19.97  0.557143 

Total income from soybean cultivation )Baht/rai( 6,499.97 5,868.78  
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Net income above variable costs )Baht/rai( 1,856.26 1,695.43  

Net income above cash cost )Baht/rai( 1,121.06 2,472.03  

Net income above total costs )Baht/Rai( -1,694.20 324.76  

Average yield at break-even point )Kilograms per Rai( 407.26 277.61  

Break-even price level )baht per kilogram( 25.36 18.86  
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Abstract  

Background: Green exercise has shown positive physiological and psychological outcomes. 

However, most studies were conducted East Asian and Western cultures. This limits the applicability 

in other places that may have different geographic qualities, plant communities, and cultural contexts.  

Objective: This study explored the mental health benefits of green exercise in Chiang Mai, Thailand 

through negative mood reduction. Methods: 40 participants were asked to walk in Nong Buak Haad 

Park for 1 hour. They filled the short-form Profile of Mood State test )POMS-40( before and after 

the walk. The before and after results, along with the difference between genders were then 

compared.  Results: Participants significantly reduced the total mood disturbance score after the walk 

in a park. No gender differences were found. Perspectives: The results agreed with previous studies 

conducted in other places across different cultures. The results partially suggests that people should 

spend more time in green spaces. The experiment should be conducted with larger sample sizes and 

more green spaces to be fully generalizable. 

 

Key words: biophilia hypothesis, environmental psychology, landscape architecture, urban design, 

cultural contexts 

 

Introduction 

Green exercise has shown positive 

physiological and psychological outcomes such 

as stress reduction and attention restoration 

)Barton & Pretty, 2010; Berman et al., 2008; 

Lahart et al., 2019; Pretty et al., 2005; 

Yaipimol et al., 2022(. Several studies have 

suggested that green exercises have improve 

participants mental well-being and moods 

)Barton & Pretty, 2010; Pretty et al., 2005(. 

These findings are important because it may 

suggest that green infrastructure, such as parks, 

street trees, and green spaces, are important 

features of a city that should be accessible by 

all and not only just optional amenities 

)Suppakittpaisarn et al., 2017(.  

However, most studies were conducted 

East Asian and Western cultures )Lahart et al., 

2019(. Other studies showed that there might be 

differences in how people from different 

geographical and cultural contexts benefit from 

green spaces )Sullivan et al., 2014(. Such 

research question is still a big gap of knowledge 

in landscape and human health, and very 

limited number of studies explored the cultural 

ecosystem services of green infrastructure in 

Southeast Asia compared to other places 

)Lourdes et al., 2021(. This gap of knowledge 

limits the applicability in Southeast Asia that 

may have different geographic qualities, plant 

communities, and cultural contexts )Lourdes et 

al., 2021; Suppakittpaisarn et al., 2020( and 

risk preventing designers, planners, and 

decision makers from implementing green 

spaces into urban design and planning, 

resulting in reduced ecosystem services across 

cities in the region. 

Thus, this study aims to provide the fill 

in research gap by exploring the mental health 

benefits of green exercise in Chiang Mai, 

Thailand through negative mood reduction.    

 
Materials and Methods 

Participant recruitment 

The researchers recruited the participants 

in the late rainy season-early winter in 2021. 
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Participants must be 18-65 year of age, have no 

mobility limitations or history of 

cardiovascular diseases, dementia, or 

depression. The participants were informed to 

meet at the site 10-15 minutes before the study.  

 

Measurements 

Participants were asked to fill the 

translated version of the 40-item Profile of 

Mood State Test )POMS-40( )Curran et al., 

1995(. The test has been used extensively to 

identify the mood levels of participants across 

psychological studies )Yu et al., 2020(. 

 

Procedure 

Once participants signed the consent 

form, the researchers asked the participants to 

fill out the POMS-40 test. They were then 

asked to walk around the park for 60 minutes in 

any way they chose. The number 60 minutes 

was chosen to simulate lunch break and other 

similar studies )Berman et al., 2008; Matsuoka, 

2010(. After finishing the walk, participants 

were then asked to fill out POMS-40 once 

again.  

 

Statistical Analyses 

 The scores from each POMS-40 test 

were then calculated into Total Mood 

Disturbance Score )TMD(, which identified the 

participants’ negative mood level. The TMDs 

before and after the walk were compared using 

Paired Sample T-test. Then, the researchers 

compared TMDs after the walk and the changes 

in TMDs between genders of the participants.   

 

Results 

40 participants entered the study. 14 were 

male )35%(, 23 were female )57.5%(, and 3 

)7.5%( did not identify their genders. Paired-

sample t-test suggested significant differences 

between before and after the walk )Figure 1( t 

)1,39( = 4.3; p<0.001. The participants went 

from having mildly positive-neutral mood 

)Mean TMD = -8.00, S.D. = 19.9( to a 

significantly more positive mood )Mean TMD 

= -19.95 S.D. = 14.1(.  

Independent sample T-test saw no 

differences across genders between both TMD 

)t)1,35( = 0.9; p= 0.37( after the walk and 

changes in TMD )t)1,35( = 0.3; p= 0.4(.   

 

Discussion 

In this study, we found that after 

walking in the park, participants had 

significantly improved their moods, regardless 

of gender.  

These findings agreed with previous 

studies that measured physio-psychological 

well-being of participants after green exercises 

in other places, such as East Asia and Western 

countries )Lu, 2018; Suppakittpaisarn, 2021; 

Taylor & Kuo, 2009; Yaipimol et al., 2022(, 

which may suggest that they biophilic 

hypothesis applies in this geographical and 

cultural context. However, some studies 

showed significant differences between male 

and female participants )Jiang et al., 2014(, but 

this study did not report such differences. This 

may come from a limited number of sample 

)n=40( or it may suggest the cultural 

differences in Thai participants which might be 

explored further.  

This study is novel because it is one of 

the first studies that explored the relationships 

between green exercises and mood in Thailand 

in the environmental psychology context.  

The results partially suggests that 

people should spend more time in green spaces 

and that urban and landscape planners should 

design such spaces to be flexible in utility to 

accommodate both active and passive spaces to 

reap full benefits of such cultural ecosystem 

services.  

The experiment should be conducted 

with larger sample sizes and more green spaces 

to be fully generalizable. 
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Figure 1. Comparison of Total Mood Disturbance before and after the walk 
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Abstract 

 The eruption of Mt. Pinatubo in 1991 covered the once rich agricultural areas in Zambales, 

Philippines with lahar—intermediate to high silica content—rendering the land unproductive. More 

than 30,000 families were displaced due to lack of food and employment from agriculture. Moreover, 

flooding in the recent years resulted in blacksand deposition. The Central Luzon State University 

)CLSU(, President Ramon Magsaysay State University )PRMSU(, the provincial and local 

government units of Zambales, and the Department of Science and Technology- Philippine Council 

for Industry, Energy and Emerging Technologies Research and Development )DOST-PCIEERD( 

implemented a project to rehabilitate and enhance crop productivity in the affected areas of Botolan, 

Zambales. Soil assessment was done and crop production technologies were developed for lahar 

covered areas such as choice of appropriate varieties, mulching, integrated nutrient management, 

water management, and crop protection for rice, legumes, sweet potato and vegetables. The project 

proved that the uncultivated lands can be productive given appropriate technologies. Years after, 

these technologies were promoted through establishment of techno-demonstration farms in three 

municipalities of Zambales with uncultivated lands in San Marcelino, Botolan, and Castillejos. 

Tomato, eggplant and hot pepper were planted during Dry Season in 2020-21. To further improve 

productivity of vegetables, drip irrigation systems were installed and the values from year 1 )2020-

2021( and year 2 with drip irrigation )2021-2022( were compared. Castillejos produced a combine 

vegetable harvest of 876 kgs amounting to Php 23,085 )468.54 USD(. Meanwhile, Botolan hailed 

the highest production per area for eggplant with 11,200 kg/ha.  For irrigation system, San Marcelino 

recorded a with combine harvest of 393 kg, almost 60% higher compare to combine harvest from the 

previous season. All commodities show a linear progress in terms of productivity and income. These 

results showed the possibility of coarse textured-soil, which were predominately found in lahar-laden 

areas, can support crop production through application of crop production technologies. 

 

Key words: conservation agriculture, lahar laden farms, land management, vegetable production, 

sustainable agriculture 
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Introduction 

In 1991, a wide area of agricultural 

importance in Zambales was devastated due to 

the massive eruption of the Mt. Pinatubo. 

Residential, industrial and agricultural areas 

were covered with lahar at a depth of 1.5 to 2.0 

meters )Suyat et al., 1993(. According to the 

BSWM )1991(, while residential and 

industrial areas can be cleared, the impact of 

the Mt. Pinatubo rendered thousands of 

hectares of agricultural areas unproductive. 

These were covered with thick ash and lahar 

with intermediate to high silica content that 

made them unsuited to crop production. 

Moreover, rural households were displaced 

because there was no source of food and 

employment from agriculture.  A vast number 

of barangays and families were affected )Table 

1(. 

 

Table1. Total number of barangays and families affected as of November 17, 1992  

Province Affected Barangays Number of families 

Zambales 96 30,115 

Pampanga 173 239,131 

Tarlac 88 44,367 

Angeles 5 14,197 

Nueva Ecija 2 1,331 

Source: National Disaster Coordinating Council, 1992. Accessed in 

http://pubs.usgs.gov/pinatubo /Mercado.  National Economic and Development Authority, 

Region III, San Fernando, Pampanga, Philippines. 

However, after more than two decades 

sizable areas remained unproductive and rural 

households remain poor, despite the research 

and development efforts done by the 

government, NGOs, and other stakeholders.  

The government poured its resources to 

livelihood and infrastructure activities in 

rehabilitating the affected areas of Mt. 

Pinatubo )DAR, 1993(.  The condition after 

the eruption was aggravated by flooding, 

especially the one that occurred in 2005 

rendering vast areas to be covered by 

blacksand or iron magnetite.  The condition 

remains to be a challenge to all R & D workers 

in the region. There is a need to restore the 

richness and usefulness of the regions’ 

resources )DAR, 1993(.  

In 2017, the Central Luzon State University 

)CLSU( and President Ramon Magsaysay 

State University )PRMSU( with funding from 

PCIEERD implemented the project entitled 

“Research and Development Project to 

Rehabilitate and Enhance Productivity in 

Lahar and Ash-laden Areas in Central Luzon''.  

The project was completed in December 2020 

with significant findings that these marginal 

areas left uncultivated for many years could be 

productive for as long as appropriate 

technologies are applied. Rice, legumes, 

vegetables and sweet potatoes were planted in 

5 farms in Botolan, Zambales.  Farmers were 

able to generate income from crop production 

in areas which in the past were left barren. 

The researchers felt the need to continue the 

R&D efforts in order to help the marginalized 

farmers.  A proposal was submitted to the 

Department of Agriculture Regional Field 

Office 3 in order to promote the technologies 

for lahar areas, hence providing an avenue to 

reaching more farmers.  This paper reports the 

accomplishments of the DA RFO3 funded 

project from January to November 2021. 

Methodology 

The devastation brought a large portion 

of lahar-laden agricultural lands uncultivated 
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for agricultural production purposes.  On the 

other hand, some areas that are already under 

agricultural cultivation have low productivity 

)Orden et al., 2020( particularly in areas where 

there is large deposition of lahar and ash.   

In view of the promising results of the 

previous R & D, continued S and T 

interventions are needed to promote the 

different agricultural technologies to enhance 

adoption, hence increase agricultural 

productivity. Figure 1 shows the research 

strategy for crop production in Lahar-Laden 

soil. 

 

 

Figure 1. Research Strategy for Crop Production in Lahar-Laden Soil 

Establishment of Study Sites and Farmer’s 

Partners 

The study was conducted from the 

three sites of Zambales, namely; Botolan, San 

Marcelino and Castillejos in coordination with 

the Provincial Agriculture Office )PAO( and 

Municipal Agriculture Office )MAO(. One 

demo-farmer per LGU were set. The following 

criteria were established for choosing the farm 

location: 

 Accessibility  

a. With Source of Water 

b. 500-1000 sqm were allotted to the 

project 

 

There were also conditions for the farmer 

partners such as: 

 

a. willingness to participate 

b. provide needed area and labor 

c.  willingness to adopt the 

recommended practices 

d. wiliness to keep record of inputs, 

production and financial aspects 

e. willingness to support the research 

team 

f.  willingness to chare knowledge to 

co-farmers 

 

Land Site Evaluation 

Composite soil samples were selected 

randomly from the selected crop techno-

demonstration sites and were collected from 

surface soil )0-30 cm( and subsoil )30-60 cm(. 

Soil Analysis, Use of Quality 
Seeds, Mulching,

Integrated Nutrient 
Management, Water 

Management and Crop 
Protection

Soil and Farm 
Resources Assessment 
and Analysis of Land 
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Management
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The standard procedure of the National 

Resources Conservation Service of the United 

States Department of Agriculture )USDA - 

NRCS( on soil sampling procedure for 

collection was followed )Schoeneberger et al., 

2021(. Collected soil samples were air-dried, 

sieved through a 2 mm mesh, packed, labeled 

and submitted to the Department of 

Agriculture–Region III Soils Laboratory for 

analysis. Samples were examined for its 

physico-chemical properties and inherent 

fertility such as total nitrogen, available 

phosphorus, exchangeable potassium, salinity 

and CEC. Three soil profiles were dug for 

morphological characterization. Soil profile 

characterization was done according to 

Guidelines for Soil Description )Feigalan et 

al., 2017(. Different soil qualities and 

characteristics were determined such as soil 

structure, drainage class, soil depth, slope, 

rock outcrops, and surface stoniness, among 

others. 

 

Crop Production Technologies 

 Crop production technologies for lahar 

affected areas that were identified by the 

research team during the implementation of 

the project titled, “Research and Development 

Project to Rehabilitate and Enhance 

Productivity in Lahar and Ash-laden Areas in 

Central Luzon” were the focus of the 

dissemination under this project. These 

technologies were discussed in a training 

module written with the farmers in mind 

specially the farmers of the lahar and black 

sand laden areas particularly in the Province of 

Zambales. The manual is a crop production 

guide that provides information on how to 

properly manage crops that the farmers would 

like to plant on their )lahar( soils such as 

peanut, tomato, eggplant, pepper, sweet 

potato, and other Solanaceous crops. It entails 

the production technology options )production 

management practices(. The following are the 

most important technologies that were 

disseminated to the farmers and employed at 

the demo-farm: 

 

• Soil Analysis 

• Use of Quality Seeds 

• Mulching 

•  Integrated Nutrient Management 

• Water Management 

• Crop Protection 

 

Results and Discussion 

Setting up the Techno-Demo Farms 

Three techno-demo farms were 

established from the three cities of Zambales 

such as Brgy. Magsaysay, Castillejos 

)14°57’16” N 120°11’37” E(, Brgy. San 

Isidro, San Marcelino )14°57’53” N 

120°08’52” E(, and Brgy. Carael, Botolan 

)15°16’58” N 120°02’10” E(. The identified 

farmer partners satisfied the given criteria.  

 

Soil and Farm Resources Assessment 

Table 2 shows the soil profile land 

characteristics of the three farms. Soil 

morphological characteristics, in general, the 

areas have thick layers of lahar deposits and 

its extremely-textured sand causing 

excessive drainage. The three farms 

exhibited somewhat drained, excessively 

drained and somewhat excessively drained 

soil due to moderately fine, coarse and very 

coarse soil texture.  Thus, the soil condition 

of the area was categorized into classes VIII-

5 and IIs-0 with common characteristics of 

being excessive drainage or doughtiness with 

limitations on having course textured or 

excess gravel. The chemistry of lahar laden 

area considering FAO range, the soil pH of 

the three farms was from very strongly acidic 

)Castillejos, 4.99( to neutral )San Marcelino 

and Botolan,6.87 and 7.18 respectively(. The 

availability of the plant-macro essential 

nutrients specifically nitrogen was very low 

)<0.1%(, phosphorous was low to very low 

(<3 and 3-7 ppm( and exchangeable 

potassium was low to very low )60-130 and 
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<60 ppm(. With these soil physical and 

chemical condition of the soil thru the micro 

climate mitigation strategies could resemble 

its productivity for agricultural purposes, 

thereby the ultimate measure corresponds 

mainly to the management practices to be 

implied for the crop.  

 

Table 2. Soil Profile Land Characteristics of the three techno-demo farms from Zambales. 

Physico-

Chemical 

Characterist

ics 

Techno-Demo Farms 

Magsaysay, 

Castillejos 

San Isidro, 

San 

Marcelino 

Carael, 

Botolan 

Elevation 18 masl 12 masl 11 masl 

Land Use Sweet Potato Idle/Grassland No Land Use 

Land Form Plain slope Plain Plain 

Vegetation/Crop 

Cover 

Common 

grass 

Grass No vegetation 

Average Annual 

Temperature )°C(  

31.40 31.40 31.40 

Average Annual 

Rainfall )mm( 

3.48 3.48 3.48 

Soil Drainage Class Somewhat 

drained 

Excessively 

Drained 

Somewhat 

excessively 

drained 

Soil Texture 

)Surface( 

Moderately 

fine 

Very Coarse Coarse 

pH 4.99 6.87 7.18 

Nitrogen )ppm( 0.0915 Trace Trace 

Available P )ppm( 5.5 Trace Trace 

Exchangeable K 

)ppm( 

80 37 30 

CEC-Clay )cmol/kg( 6.70 3.07 2.85 

Salinity 

)mmhos/cm( 

0.204 0.058 0.036 

Slope )%( 3-8 0-3 )flat( 0-3 )flat( 

Surface Stoniness 

)%( 

3 29 7 

Rock out Crops )%( 0 0 0 

 

Crop Suitability Evaluation 

The soil characteristics and 

requirements of crops were determined and 

matched with the soil qualities prevailing in 

the areas, such as temperature regime, water 

availability, rooting condition, nutrient 

retention, nutrient availability, toxicity and 

terrain. Crop suitability was rated using the 

FAO )1993( scale. Final ratings were based on 

suitability class of limiting factors. 

Requirements of various crops such as rice, 

cassava, and selected solanaceous vegetables 

were evaluated.  

Based on their properties, crop 

suitability evaluation of most plants was 

marginally suitable to not suitable in the 

marginal areas. Stoniness, very poor drainage, 

low water availability and coarse soil texture 

were the limitations, although there were some 

areas with a true soil layer. In addition, based 

on land productivity index determination, 

sandy areas had severe limitations and cannot 
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be corrected with LPI ratings of 7.98. 

According to the study of Dengiz and Saglam 

)2012(, land productivity index ratings of 0-7 

are defined as extremely poor or nil.  

 

Crop Production Technologies 

Soil Analysis 

Soil analysis was done to determine the 

potential of the land for crop production and to 

identify the level of nutrients in lahar soil 

samples. The results of the soil analysis aided 

in the formulation of better management 

practices for crop production in lahar and 

provided an estimate of the amount of fertilizer 

nutrients needed to supplement the crops. 

Applying the appropriate type and amount of 

fertilizer can produce the desired yield and 

reduce production cost.  

 

Quality of Seeds 

The quality of seeds played an 

important role in crop production. 

Germination percentage, trueness to variety, 

vigor, purity, appearance, and absence of 

disease were the important aspects of seed 

quality that were considered. Using high 

quality seeds can increase the probability of 

obtaining the desired plant population and can 

significantly increase the yield, hence higher 

income. Seeds with higher quality were 

considered. 

Mulching 

Mulching can prevent the loss of 

moisture from the soil by reducing 

evaporation. It also controls the germination 

and growth of weeds and inhibits the spread of 

soil-borne diseases. Mulch can also serve as 

insulation that could stabilize the soil 

temperature and protect the roots and the plant 

from extreme temperature. Several mulching 

materials were  used such as plastic mulch and 

organic mulches which can improve the 

fertility of the soil when decomposed.  

 

 

 

Nutrient Management 

The use of integrated nutrient 

management )inorganic and organic fertilizer 

with foliar fertilizer supplementation( in the 

production of crops in lahar laden areas can 

provide higher crop productivity. In addition, 

INM can improve moisture retention of the 

soil and minimize the leaching loss of nutrients 

by the addition of organic matter )organic 

fertilizer at 6 tons per hectare is 

recommended(. Using INM also will decrease 

the enormous use of chemical fertilizers alone 

by supplying the crops with sufficient amounts 

and create a balance between fertilizer inputs 

and crop nutrient requirement, maintaining the 

soil fertility, optimizing the level of yield, 

maximizing the profitability, and subsequently 

reducing the environmental pollution. 

 

Water Management 

Irrigation water management in crop 

production makes the most efficient use of 

limited water supply. The timing and the 

amount of water applied specifically in lahar 

soils should be matched with the crop water 

needs. Measurement of soil-water depletion by 

volume and the uniform application of water 

should be done to improve water use 

efficiency. Water management in lahar can be 

accomplished through the application of 

organic fertilizer which improves the water 

holding capacity of the soil, irrigation 

scheduling, efficient application and transport 

of irrigation water, and management of 

drainage water. 

 

Crop Protection 

Implementing control strategies for the 

management of pests and diseases in crop 

production minimize the risks to human health 

and the environment. The combination of 

cultural, biological and chemical measures to 

manage insect pests, diseases and weeds are 

site-specific strategies that can be applied 

taking into account the pests that may arise in 

the field. Protecting the crops from pests will 
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maximize the production and minimize losses 

due to insects, weeds and diseases 

 

Vegetable Production 

The three farms were planted with 

three vegetable commodities such as tomato 

)D-Max(, eggplant )Fortune-R(, and hot 

pepper )Taiwan( for the dry season cropping 

for the year 2021. Castillejos has the highest 

yield for eggplant with 381 kgs )Table 3(. 

However, in terms of calculated production 

per hectare, Botolan recorded 11,200 kg/ha 

yield for eggplant, the highest among the three 

farms. San Marcelino, on the other hand, does 

not performed very well for eggplant 

production due to environmental constraints. 

For the other commodities like tomato and 

pepper, Castillejos farm documented the 

highest yield )kg( and calculated yield per 

hectare )kg/ha( among the three farms.  

 

In terms of gross income, Castillejos 

listed a Php 23, 085 of gross income, followed 

by Botolan with Php 8,260 and San Marcelino 

with Php 5,525 )Figure 2(.  The difference of 

prices per commodity was also varied from 

one city to another: The City of Botolan 

reported the lowest for price per kg of 

commodity with only 20 Php selling price per 

kilogram of eggplant, tomato and hot pepper.  

 

 
Castillejos 

 

 
San Marcelino 

 

 

 
Botolan 

 

Figure 2.  Vegetables in 3 Techno-Demo Farms During the Fruiting Stage (Dry 

Season Cropping 2021) 
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For the profitability analysis, both 

Castillejos and San Marcelino generated an 

income with 13,372 Php and 2,103 Php, 

respectively )Table 3(. While, Botolan 

reported a negative net income, it can also be 

noted that Botolan farm previously reported 

has no land use and no vegetation but after 

application of agricultural technologies 

generated a whopping 398 kg of combined 

commodities. Botolan was also the top 

performing farm in terms of eggplant 

production.  

 

Table 3. Production, Gross Income and Net Income of Three Farms from Dry Season Cropping 

of Vegetables )2021( 

 Techno-Demo Farms 

Magsaysay, 

 Castillejos 

San Isidro, 

San Marcelino 

Carael, 

Botolan 

Production )kg(    

    

Eggplant 381 - 336 

Tomato 378 185 32 

Hot Pepper 117 36.5 30 

    

Computed 

Production )kg/ha( 

   

Eggplant 7,081.9 - 11,200 

Tomato 8,532.7 5,873.0 5,333 

Hot Pepper 2,307.7 1,931.2 583.3 

    

Price per kg 

)Php/USD(* 

   

Eggplant 30/ 0.61 - 20/ 0.41 

Tomato 20/ 0.41 20/ 0.41 20/ 0.41 

Hot Pepper 35/ 0.71 50/ 1.01 30/ 0.61 

    

Gross Income 

)Php/USD(* 

23,085/ 468.54 5,525/ 112.14 8,260/ 167.65 

Total Cash Expenses 

)Php/USD(* 

9,713/  197.14 3,422/ 69.45 22,854/ 463.85 

Net Income 

)Php/USD(* 

13,372/ 271.40 2,103/ 42.68 -)14,594(/ -)296.20( 

*Average exchange rate USD to Philippine Peso )2021( = 49.27 

  

Table 4 shows that despite the 

drawback, Castillejos recorded a net income of 

Php 16,440 while San Marcelino got the 

highest net income of Php 20,783 of all the 

three farms. Botolan still reported a negative 

net income, however this is due to the lower 

price of commodity in the city with Php 20 

selling price compare to the Php 65 selling 

price in San Marcelino, significantly higher 

selling price compare to Botolan.  
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Table 4 Production, Gross Income and Net Income of Three Farms from Dry Season Cropping of 

Vegetables using Drip Irrigation )2022( 

 Techno-Demo Farms 

Magsaysay, 

Castillejos 

San Isidro, 

San Marcelino 

Carael, 

Botolan 

Production )kg(    

    

Eggplant  175 140 

Tomato  63  

Pepper 379.5 155  

    

Computed 

Production )kg/ha( 

   

    

Eggplant - 10,417 3,608 

Tomato - 3,750 - 

Pepper 8,509 9,226 - 

    

Price per kg 

)Php/USD*( 

   

    

Eggplant - 65/ 1.32 20/ 0.41 

Tomato - 65/ 1.32 - 

Pepper 60/ 1.28 70/ 1.42 - 

    

    

Gross Income 

)Php/USD*( 
23,370/  474.32 26,450/ 536.84 2,800/ 56.83 

Total Cash 

Expenses)Php/USD*(  
6,931/ 138.64 5,667/ 115.02 7,723/ 156.75 

Net Income 

)Php/USD*( 
16,440/ 333.67 20,783/ 421.82 -4,923/ )-99.92( 

*Average exchange rate USD to Philippine Peso )2021( = 49.27 

 

For the dry season cropping for the 

year 2022, the three farms were planted with 

three commodities such as tomato)D-Max(, 

eggplant )Fortune-R( and pepper )Panigang(. 

Drip irrigation system were installed contrary 

to the furrow irrigation used last planting 

season )Figure 3(.  San Marcelino were able to 

grow all three commodities this planting 

season using drip irrigation and fertigation 

system with combine harvest of 393 kg, almost 

60% higher compare to combine harvest from 

the previous season. Meanwhile, extreme heat 

and temperature where recorded to cities of 

Castillejos and Botolan, in order to mitigate 

the effect of the heat, furrow irrigation were 

applied. Due to this effort, Castillejos yielded, 

379.5 kg of pepper and Botolan with 140 kg of 

eggplant )Table 5(. 
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Castillejos 

 

 
 

San Marcelino 

 

 
Botolan 

 

Figure 3. Drip Installation by Harbest Dealer with Project Staffs, MA’s and Technicians. 

 

 

Table 5 shows the comparison of gross 

and net income from previous production to 

the current production with R&D intervention 

from the three farms. Castillejos reported to 

previously planted sweet potato while San 

Marcelino planted tomato and hot pepper with 
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gross income of Php 9,960 and Php 3,735, 

respectively. From the 2021 vegetable 

production through application of appropriate 

agricultural technologies, Castillejos gross 

income jumped from Php 9,960, earnings from 

sweet potato, to Php 23,085, a staggering 

131.78% increase. Meanwhile, San Marcelino 

showcased an increase of 47.93% in gross 

income from 2021 production compare to the 

previous one with the same commodity. This 

shows that with proper dissemination of 

agriculture technologies, farmers can increase 

their production therefore increase their 

income from crop production. 

In the case of Botolan farm, the once 

barren land earned a gross income of Php 

2,800 which was a consider a first step to 

convert the land as a productive one. The next 

year production showed a 70.40% increase in 

gross income. These results showed the 

possibility of coarse textured-soil, which were 

predominately found in lahar-laden areas, can 

support crop production through application of 

crop production technologies )Figure 4(. 

 

Table 5. Comparison of Gross and Net Income from Previous to Recent Vegetable Production 

Gross Income 

)Php/USD( 

Farms 

Castillejos San Marcelino Botolan 

Previous Production  9,960/ 202.15 3,735/ 75.81 - 

2021 23,085/ 468.54 5,525/ 112.14 8,260/ 167.65 

2022 23,370/ 474.32 26,450/ 536.84 2,800/ 56.83 

% Increase 2021 131.78% 47.93%  

% Increase 2022 1.23% 378.73% 70.40% 

Net Income )Php/USD(    

Previous Production  5,960 1,535 - 

2021 13,372/ 271.40 2,103/ 42.68 -)14,594(/ )296.20( 

2022 16,440/ 333.67 20,783/ 421.82 -4,923/ )-99.92( 

% Increase 2021 124.36% 37.0% - 

% Increase 2022 22.94% 888.24% -)63.24%( 

*Average exchange rate USD to Philippine Peso )2021( = 49.27 

 

The profitability analysis showed 

Castillejos a linear progress for both 2021 and 

2022 crop production with 124.36% increase 

of net income from the previous production 

and another 22.94% increase in the following 

year. San Marcelino, on the other hand, 

displayed a considerable growth of net income 

with 888.24% increase from 2021 to 2022. 

This gain can be traced by the application of 

drip irrigation and fertigation system.  

According to Narayanamoorthy, 

)1997(,  drip irrigation methods contributes to 

water conservation, reduces cultivation cost 

and increases crop productivity compared to 

other conventional irrigation methods. On the 

study of Hanson & May, )2004( with marginal 

farms,  stated that subsurface drip irrigation in 

fine-textured salt-affected soils increases yield 

and profit from tomato production. 

Additionally, they mention drip irrigation can 

contribute to better water management and 

control subsurface drainage to the shallow 

ground water. 

Botolan reported a negative net income 

from 2021 and 2022. But, 2022 production 

observed a 63.24% improvement from the 

previous one.  In terms of production per area, 

Botolan is comparable to San Marcelino and 

Castillejos, if not higher for eggplant 

production. However, the price per kilogram 

of the harvest in Botolan is inferior from the 

nearby town and cities. This problem has been 

forwarded to the municipal agricultural office 

of Botolan to suggest possible solution to a 
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cheaper market price in the city which can 

significantly affect the income of farmers.
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Botolan 

Figure 4. Vegetables in 3 Techno-Demo Farms During the Fruiting Stage and Harvest (Dry Season 

Cropping 2022) 
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Conclusion 

All three farm corresponds to different 

crops and different agricultural technologies 

applied. Each farm also had their own micro 

climate and varying soil composition, as 

revealed by the local weather updates and 

individual soil morphological test. Furrow 

irrigation was effective in combating extreme 

temperature while drip irrigation showed 

efficiency in delivering water and nutrients in 

crops. Both have an advantage and can be 

utilized to further improve the productivity and 

income of farmers. Ideal crops planted in each 

farm has also been identified: Eggplant was 

ideal for Botolan, while tomato, eggplant, hot 

pepper and pepper can be planted to both 

Castillejos and San Marcelino.  All in all, the 

results showed that cultivation of rice and 

vegetable in lahar-laden soil can be productive 

with application of appropriate agricultural 

technologies. 
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Abstract 

Development of agricultural community for sustainability needs to be balanced in all 

dimensions. Global warming and climate change from human emissions can affect the development 

of agricultural communities including highland communities in Thailand in terms of human life, 

growth and yield of plants and animals due to scarcity of water from global warming and climate 

change. The Royal Project Foundation, Highland Research and Development Institute )Public 

Organization( and Mahidol University unite together to carry out the Royal Project for agricultural 

Community Development Project with aims to reduce greenhouse gas emissions and develop the 

prototype of sustainable low-carbon highland community. The study is based on the Community 

capital framework for sustainable development using Ethnographic Delphi Future Research )EDFR( 

methodology for collecting data for standardization from a panel of 15 agricultural community 

experts belonging to different strata, professions and organizations in Thailand. The evaluation level 

of the 12 communities low carbon development project evaluation levels is estimated by comparing 

the development standards of four parts in a period of 12 months. The results of this research can be 

used as a guideline for a sustainable low carbon agricultural community development. There are four 

dimensions of development that the project focuses as: )1( environmentally friendly agriculture; )2( 

forest restoration and conservation; )3( community health management; and )4( community strength 

to support change. It also evaluates other criteria, indicators, as well as development steps for 

preparing and evaluating community development levels for certification of agricultural community 

development standards into low carbon sustainable communities. 

 

Keywords – Highland, Low Carbon, Royal Project Foundation, Sustainable agricultural Community 
 

Introduction 

In the recent decades, there has been a growing 

awareness and concern about global climate 

change. This global climate change arises from 

energy–related CO2 emissions. This made 

many scientists, researchers, policy makers 

and academicians of many countries to be 

concerned and search for new steps to reduce 

CO2 emissions while maintaining sustainable 

economic development. Among these steps, 

the first developmental step which many 
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countries have begun to initiate is low carbon 

agricultural community development for 

sustainability. It is necessary to understand the 

various concepts related to sustainable low 

carbon community development such as low-

carbon energy, low-carbon life, low-carbon 

society, low-carbon city, low-carbon 

community, low-carbon tourism, low-carbon 

world. An analysis of these various concepts 

are relevant to understanding more on 

sustainable low-carbon community 

development, as it would not only highlight 

their relationships but provide a theoretical 

foundation on the research of low-carbon 

agricultural community development )Yuan et 

al., 2011(.  

The study on the Royal Project for Highland 

agricultural Community Development in 

Thailand has the following objectives:  

- to describe the historical background of 

the highland agricultural community  

- to focus and promote on the low carbon 

economy, low carbon tourism, low carbon 

lifestyles and resources available in the region 

that are environmentally friendly along with 

significant reduction of greenhouse gas 

emissions. 

- to integrate economic, social and 

environmental objectives in agricultural 

community development for sustainability  

- to study and develop the prototype of 

sustainable low carbon highland agricultural 

communities in Thailand through agricultural 

community integrative research and 

development 

The article is organized into the following 

parts as: Introduction, Review of Literatures, 

Methods, Discussion and Results, Conclusion 

and Recommendation. 

 

Literature Review 

Low-Carbon Development 

The concept “low-carbon development” has 

been defined in various ways but the common 

feature is concerned with utilizing less carbon 

to promote economic growth in the future 

)Mulugetta & Urban, 2010(. Teske et al. 

)2008( defines low carbon development as 

similar to using fossil fuels, a type of low-

carbon energy, with provision of economy 

growth and elevating the community welfare. 

There are three phases in low-carbon 

development as: low-carbon economy, low-

carbon society and low-carbon world )Yuan et 

al., 2011(. Low-carbon economy is the early 

phase during which reducing CO2 emissions in 

economic development is the main target and 

low-carbon tourism and low-carbon industry 

are its indivisible components. To achieve this 

goal, a country needs to have a clear plan to 

promote low carbonization in its economic 

development. The second phase of low-carbon 

development is low-carbon society, which 

includes low-carbon life, low-carbon culture, 

low-carbon politics, etc. In this stage, policy 

makers or government should try to promote 

low-carbon life styles and consumption 

patterns such as encouraging people to use 

transport system with low-carbon effect and 

once a community follows low-carbon life 

styles in all aspects including economy, daily 

life, politics and culture, it can be defined as a 

low-carbon community. Jiang et al. )2013( 

describe low-carbon community as a form of 

organization, in which everyone acts as a 

citizen rather than a consumer, the citizens, 

aim to working hard for upgrading the 

community’s energy infrastructure under the 

condition of the local economic development 

level. To be a low-carbon community, 

societies should maintain low carbon practices 

in its economy, daily life, and culture. After 

most countries in the world have become low-

carbon societies, low-carbon development can 

be said to be matured and enter the third stage, 

that is, low carbon world. In the process of 

low-carbon development, many instruments 

are needed to track the performance of 
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development, such as, carbon footprint, carbon 

label and carbon certification )Wiedmann & 

Minx, 2007(. 

Agricultural Community Development 

Having defined the various related concepts 

connected with the title of the study, let us 

define the concept of “community”. According 

to Flora & Flora )1993(, the term ‘community’ 

refers to a group of people bound by 

geography and with a shared destiny, such as 

a municipality or a town. Cavaye )2006( 

defined community development as a process 

conducted by community members with aims 

for local people to not only create more jobs, 

income and infrastructure, but also help their 

community in order to be able to manage 

change. Community development is based on 

five capitals of a community–social, human, 

financial, physical and environmental. Social 

capital is built through people’s participation 

in their community activities or organizations, 

problem solution and creating network or 

relationships. Human capital is generated by 

people’s increasing knowledge and new skills, 

along with maintaining good physical health 

and developing financial capital. With this, 

they can also manage their lifestyles to 

improve their environment. Employment 

generation and infrastructure development are 

the major aims of community development 

and these can be achieved through people’s 

changing attitudes, mobilizing existing skills, 

improving relationships, thinking creatively 

for problem solution, and using community 

resources for sustainability. Therefore, success 

of community development depends on 

interaction between people and united action, 

that is, collective solidarity commonly called 

by sociologists, rather than individual activity 

)Flora & Flora, 1993(. In brief, community 

development is a process where people are 

united and take development steps to improve 

their economic, social and cultural conditions. 

Sustainable Development 

A review of literature highlights an increasing 

role of community and culture and these 

variables are important aspect in fostering 

economic, social and environmental 

dimensions of sustainable development. 

Sustainable development has been defined in 

various ways by various scholars. However, 

the most commonly accepted one is the 

definition of Brundtland Report )United 

Nations World Commission on Environment 

and Development, 1987, p. 43( which is 

defined as “meeting the needs of the present 

without compromising the ability of future 

generations to meet their own needs”. Opoku 

& Ahmed )2013, p. 141( provide another 

modified definition as “The adjustment of 

human behaviour to address the needs of the 

present, without compromising the ability of 

future generations to meet their own needs”. 

Sustainable development has also been linked 

with sustainable use, such as use of renewable 

resources with a capacity for renewal and it 

requires changes and improvement to ensure 

that future generations will have benefits to use 

the same environmental benefits that current 

generations enjoyed. Therefore, sustainable 

development is closely associated with 

economic growth and environmental resource 

protection for the future. There are three 

dimensions of sustainable development 

namely: economic growth, social inclusion 

and environmental balance )United Cities and 

Local Governments )UCLG(, n.d.(. Thus, 

sustainability has three important components: 

the environment, the economy and society. To 

be a truly sustainable society, it should 

integrate wider question of social needs, 

welfare, and economic opportunity to 

environmental limits by supporting a balanced 

ecosystems )Agyeman, 2008(. On the whole, 

sustainable development is about changing 

communities in qualitative ways to a level that 

is beneficial to sustain our existence on the 

planet earth.  

A review of literatures has led to the discovery 

of various theoretical framework by various 
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community development scholars. Among 

them is the community capital framework 

approach in community analysis and 

development )Roseland, 2012; Cavaye, 2006(. 

This framework is considered to be the 

foundation for sustainable development and it 

analyzes the various elements, resources, and 

relationships within a community and their 

contribution to the overall functioning of the 

community. The above scholars are in favor of 

small scale and self-reliance projects, designed 

with intensive public participation in order to 

improve society and the environment as well 

as economy. Roseland )2012( used six small 

forms of capital as: 1( Natural capital–ecology 

and natural environment; 2( Physical capital–

infrastructure of the existing environment; 3( 

Economic capital–economic resources or 

financial; 4( Human capital–people’s 

knowledge, skills and physical health; 5( 

Social capital–people’s activities, 

organizations and network; 6( Cultural 

capital–culture traits, language, food, etc. This 

Community Capital Framework have been 

used in a variety of community types: big, 

small, rural, urban, developed, developing in 

many areas around the world with success with 

regard to sustainability principles and potential 

long time impacts of specific projects, policies 

and activities. For instance, a transportation 

system that saves energy such as walking, 

cycling and public transportation rather than 

using the private automobile with fuel 

consumption, leads to natural capital by saving 

energy and reducing emissions. It also 

contributes to human capital by reducing 

health–damaging effect because of air 

pollution and motor vehicle accidents, and at 

the same time by increasing the amount of 

physical exercise through walking or cycling. 

It may also contribute to social capital by 

increasing social networking required for car-

sharing, carpooling etc. for getting around in 

addition to social interaction that may occur in 

the use of public transport. Finally, it 

contributes to economic capital by reducing 

congestion and by reducing the cost of 

transportation )Roseland, 2012(. Some 

scholars asserted that low-carbon development 

is a new pattern of political and economic 

development aiming at reducing CO2 

emissions and achieving the sustainable 

development of environment, economy, and 

society using Delphi research method )Yuan et 

al., 2011; Hsueh & Yan, 2011(. Similarly, 

Peters et al. )2010(; Moloney et al. )2010( and 

Heiskanen et al. )2010( highlighted the 

importance and challenges of communities 

engaging in low cartbon activities with energy 

saving technologies and infrastructures of the 

communities. The authors concluded with 

direction for policy and programmes for low 

carbon development, initiating with the needs 

of community’s individual behavior change in 

household, resulting to less carbon lifestyles. 

Similarly, many studies highlighted the 

importance of community for making pro-

environmental change )Middlemiss & Parrish, 

2010; Mulugetta & Urban, 2010(. Thus, on the 

basis of an overall review of the strengths and 

weaknesses of various community solutions, 

implications are drawn for further research and 

for the design and support of low-carbon 

community development.  

Methods and Materials 

The present study was carried out by the 

researchers of Mahidol University, Faculty of 

Environment and Resource studies in 

collaboration with Huai Pong Royal Project 

Development center and Highland Research 

and Development Institute, Thailand. The 

royal project was funded and initiated by His 

Late Majesty, King Bhumibol Adulyadej of 

Thailand since 1969 with aims to improve the 

lifestyles of hill tribes or highlander 

communities through sustainable forests and 

water resources. In 1992, His Late Majesty 

graciously upgraded the status of the Royal 

Project to become the Royal Project 

Foundation )Thailand Sustainable 

Development Foundation )TSDF(, n.d.( with 

aims to bring a balanced sustainable growth in 

all dimensions, with special focus on 
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incorporating practices for reducing 

greenhouse gas emissions, to slow down the 

global warming and climate change. The 

objective of this research is to study and 

develop a prototype of sustainable 

development of highland communities in 

Chiang Rai, Thailand with focus on the low- 

carbon tourism and carbon economy for 

sustainability. In January 2018, the low carbon 

team went to the study area, Huai Nam Kuen 

Village, Chiang Rai from January 15-17, to 

observe and interact with the highlander 

community of the village along with training 

of participating officers and committee 

members of the region for mobilizations on 

low- carbon capital, both natural and social, 

low-carbon economy, low-carbon tourism, 

low-carbon society and low-carbon lifestyles 

to recognize the growing importance of low-

carbon tourism for community’s economic 

development through education, meeting and 

discussion. In the first phase of developmental 

attempts, the Royal Project Foundation and 

Highland Research and Development Institute 

played an important role, as consultant of the 

various developmental activities and tourism 

operation in order to bring standard with 

development of infrastructures of tourism and 

availabilities of all facilities to the touring 

group. Secondary data of previous research 

report is also obtained from the Project 

Coordinator of Highland Research and 

Development Institute, Thailand regarding 

evaluation of 12 Communities level of 

development in 11 areas of the royal project 

development centers by comparing the 

development standards of 4 dimensions in a 

year. The research employed the framework of 

Ethnographic Delphi Future Research )EDFR( 

methodology, a combination of ethnography 

)Van Maanen, 1996; Genzuk, 2003( where the 

main methods of collecting data were through 

observations, interviews and some 

documentary archives, and Delphi studies 

)collected from a panel of community experts 

belonging to different strata, professions and 

organizations in Thailand. Details of the 

names of the experts and their organizations 

were kept confidential(. It is more reliable 

because instead of using a sampling technique 

to represent a certain population, a group of 

experts and stakeholders with a deep 

understanding of the subjects are chosen to 

answer the questionnaire )Dalkey & Helmer, 

1963; Adler & Ziglio, 1996(. The present 

study was conducted in the following manner: 

The researcher used explicit criteria to select a 

panel of 15 experts and designed a well-

structured questionnaire concerning the issue 

under consideration. Panelists were then asked 

to respond to the questionnaire during a series 

of rounds and all responses were obtained 

individually and anonymously. Questionnaires 

were administered through hand mail and e-

mail, and panelists were unaware of each 

other’s identity and interact only with the 

researcher or small research group )two to four 

members(. Detailed guidelines on how to 

select the group of experts suitable for the 

Delphi study were explained by many scholars 

)Delbecq & Van de Ven, 1971; Okoli & 

Pawlowski, 2004(. The researchers contacted 

the experts and explained to them about the 

study subject and asked them to complete a 

questionnaire. After the responses were 

received, the researchers administered the 

questionnaire by narrowing down the original 

list with all answers to a list with the most 

important answers. The data were then 

analyzed quantitatively in order to determine 

the ranks of the items on the list. 
 

Results and Discussion  

Historical Background and Description of the 

Study Area  

Huai- Nam-Kuen Village, Chiangrai Province, 

is one of the highland community included in 

the study. The origin of this village can be 

traced back to the remote past in1882. The 

discovery of this village is given as:  

A group of people from neighboring village, 

Ban Sa-Khan-Hom came to the forest and 

found a tea plant. Before the establishment of 

Huai Nam Kuen Village, the land was covered 

with dense forest with tea plantations in the 

surrounding area. They cleared the grass and 

tea plants at that area and settled down at the 

south of the village, about 200 meters away 

from the present village. In course of time, 
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many villagers also moved into the present 

village as the space of their original village 

was small. This led to the establishment of 

village named as Huay- Nam-Kuen due to 

rapid influx from surrounding villages in 1932. 

Gradually, many other villages also were 

formed as: Ban Pang-Ma-Kad, Ban Pang-

Kula, Ban Pang-Mon-Wat, Ban Pang-Mae-

Chedi, Ban Pang-Klang etc. in Chiang Rai 

Province. On September 13, 2000, the 

government of Thailand approved to set up a 

separate village as Huai-Nam-Kuen Village, 

Wiang-Pa-Pao District, Chiang Rai province, 

Thailand. There are four contact zones of Huai 

Nam Kuen Village, divided into north, south, 

east and west as: 1( Northern border: Ban 

Huai-Sai, Moo 9; 2( Southern border: Pang- 

Makad, Moo 8; 3( Western border: Ban Mae-

Sai–Pa-Meang and 4( Eastern border: Ban 

Thung-Yao, Moo 7. 

The total area of the village is about 

12,000×1,600 square metres. The total 

workplace and dwelling area is 2,000×1,600 

square metres. Most of the people who live in 

Huai–Nam- Kuen are Thai by Nationality and 

Buddhism by religion. The climatic condition 

in the region is very cold, especially in the 

winter season with temperature dropping as 

low as 0 degree or lower than 0 degree celsius. 

Its distance from Wiang-Pa-Pao district is 

approximately 53 Kilometers. Currently, there 

are 118 households in Huai-Nam-Kuen 

Village. 
 

Low Carbon Tourism in Ban Huai Nam 

Kuen 

In 2013, the community recognized the 

growing importance of low carbon tourism and 

prepared itself for the community’s economic 

development through it. The community has a 

unique identity with productive forests and 

watershed and follows the philosophy of a 

Sustainable Self Sufficient Economy and 

Learning Center of His Late Majesty, King 

Bhumibol Adulyadej, with aims to continue to 

have harmonious, happy and peaceful life. So, 

they had cooperated with Huai Pong Royal 

Project Development center and Highland 

Research and Development Institute. The 

community prepared itself for tourist 

homestay to accommodate tourists for 

development. Thus, the first tourist home, Ban 

Huai-Nam-Kuen homestay, was set up to 

welcome touring group. In the first phase of 

development activities, the Royal Project 

Foundation and Highland Research and 

Development Institute played an important 

role as consultant of the various developmental 

activities and tourism operation in order to 

support the touring group and to develop the 

community infra-structures and facilities to a 

standard. In 2015, Ban Huai-Nam -Kuen 

homestay had passed the Thai homestay 

standard certification from Department of 

Tourism. And in the next phase, group of 

Huai-Nam-Keun homestay aims to develop 

community tourism to obtain other standards 

including network creation in order to make a 

sustainable tourism by their community. The 

following are some of the features of low 

carbon tourism development available in the 

region:  

1. Agricultural Tourism: Here, the tourist 

can visit the orchard such as sweet passion 

fruit, cape gooseberry, and avocado berries, 

flowerbed such as cymbidium, orchid, potted 

plants, beverage plants such as tea, and coffee, 

medicinal plants, backyard garden along the 

road side and front yard of each household and 

also local plants such as wild custard apples. 

2. Cultural Tourism: Here, the tourist can 

visit the households to see the way of living, 

occupation, income and means of livelihoods 

of the communities. By visiting and interacting 

with the local community people, they can 

observe how to store roast, bind and ferment 

tea leaves. In addition, they can observe and 

learn other conventional traits such as method 

and procedure of making a specific formula of 

spicy chili, food processing from dried 

coconut, performance of local arts and culture 

such as Thai sword dancing and local music. 

The tourists can buy as souvenirs local 

products such as tea, dry fruits, handicrafts 
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product etc. Beside this, the tourists can enjoy 

natural tourism by walking along the natural 

footpath of Doi Mod-Doi-Chang to watch the 

Azalea roses, the diversity of vegetation that 

grows up in the forest region at altitudes 

ranging from 1,000 to 1,700 meters above sea 

level and a variety of birds living in the wild 

surrounding areas. 

 

Low Carbon Community Products, 

Facilities, Other Infra Structures and 

Location  

Following are some of the community agro-

products as:  

1. tea and coffee; 2. chilli paste; 3. passion 

fruit juice, dried gooseberry, dried coconut 

products etc. Regarding accommodation, there 

are currently, 11 homestays or guest house, 10 

tents, 6 sleeping bags and 4 convenient stores. 

For the convenience of the travel of tourists 

there are shuttle bus service plying from Khun-

Chae National Park to Ban-Huai-Nam-Kuen at 

800 Baht per round trip. The distance of the 

community village to Chiang Mai is around 68 

kilometers and it takes about one and half 

hours to travel by roadways along Highway 

118. During the rainy season, travelling there 

on the muddy road is difficult. Figure 1 gives 

the village location map. 

 

Figure 1 Location Map of Ban Huai-Nam–Kuen 

 

Integration of Research and Development 

Work in Highland Community of Thailand  

Assessment of the project performance is 

based on report of meeting or seminar and 

report. The following table gives the detail of 

indicator, unit, evaluation criteria for Highland 

Community Integrated Research and 

Development Plan for low carbon prototype 

communities in Thailand.  
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Table 1 This is a Brief Label that Links the Table to our Discussion  

Indicator Unit & Criteria Evaluation Criteria 
Assessment or 

Evaluation 

Percent 

achievement of 

Integrated 

research and 

development of 

low carbon 

prototype 

communities. 

Percentage Success 

is based on 

percentage score of 

the Integrated 

Research and 

Development Plan 

for the low carbon 

prototype 

community in line 

with the plan. 

Pass: If the low carbon 

prototype community score 

is 80 percent. 

 

Fail: If the low carbon 

prototype community score 

is less than  

80 percent. 

Meeting, seminar  

and report 

 

The following are the Highland Community 

Development Projects in Thailand as:  

1. Royal Project for Highland Community 

Development  

2. Mae Klong River Camp Project for 

Highland Community Development  

3. Wawee Royal Project for Highland 

Community Development  

4. Mae Salong Project for Highland 

Community Development  

5. Mae Moha Royal Project for Highland 

Community Development  

6. Royal Flora Project for Highland 

Community Development 

7. Mae Charim Project for Highland 

Community Development 

 

Evaluation Results  

The result of the study determines 

sustainable low carbon highland community 

standard by surveying 12 participant 

communities. The project performs the 

development works after meeting with 

community leaders and the working groups. 

The Royal project for community 

development focuses at low carbon highland 

community development which is located far 

away from the city. The main mode of 

livelihood of the community is based on 

agricultural, natural resources and 

environment, categorized into 4 dimensions 

as: )1( Environmental friendly agriculture, )2( 

Watershed rehabilitation and conservation, )3( 

Community environmental management and 

)4( The strength of community and adaptation 

to changes. These dimensions are evaluation 

criteria for determining the standard of 

sustainable low carbon highland community 

development consisting of 19 items and 32 

indicators. The evaluation level of the 12 

communities low carbon development project 

evaluation levels is estimated by comparing 

the development standards of four parts in a 

period of 12 months as given in figure2. 
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Figure 2 Evaluation of 12 Communities Development Levels in 11 Areas of the Royal Project 

Development Centers by Comparing the Development Standards of 4 Dimensions in 12 Months 

)Mensin et al., 2018( 
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Conclusion 

The analysis of Huai-Nam-Kuen 

community shows the available low carbon 

economy, low carbon tourism facilities, low 

carbon lifestyles and resources available in 

the region which can be utilized for the 

community’s economic development. 

Development activities that need to be 

upgraded includes 7 indicators such as, 

water saving, good animal practice, 

demarcation and maintenance of forest 

boundaries, water supply quality, waste 

water quality, waste water management 

from livestock farms, livestock waste water 

quality, and these its management requires 

the cooperation of community members. 

Thus, it can be suggested that highland 

community can be developed through 

practice of low-carbon lifestyles, low 

carbon economy, low carbon tourism along 

with co-operations from all concerned 

agencies including government law makers, 

tourism enterprise and the public. With this, 

the community’s economic, social and 

environmental benefits would have a 

comprehensive improvement. It can be 

concluded at the end that low-carbon 

community development is an integral part 

of a society’s sustainability and it is closely 

related to all dimensions of development. 

The project study, therefore, provides an in-

depth insight into the contribution of the 

Royal Project Foundation to bring 

environmental, economic and social 

dimension of sustainable development to 

the Highlander Community in Chiang Rai, 

Thailand and to the conceptual 

development foundation for preparing and 

evaluating community development levels 

for certification of community development 

standards into low-carbon sustainable 

communities. 
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