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ABSTRACT 

Rice (Oryza sativa) is the most consumed cereal in the world. However, the 

widespread use of synthetic chemical fertilizers in rice cultivation in Sri Lanka has 

compromised the sustainability of rice farming. A pot experiment was conducted to 

explore the impact of nitrogen-fixing bacteria; Azospirillum spp. and phosphorus-

solubilizing bacteria Pseudomonas spp., Bacillus spp., and Trichoderma spp. based 

biofertilizers on the endophytic fungal population and rice growth. The fungal 

endophytes isolated from six treatments: T1: normal soil, T2: nitrogen-fixing 

Azospirillum spp., T3: phosphorus-solubilizing Pseudomonas spp., Bacillus 

spp.+rock phosphate, T4: Trichoderma spp., T5: Azospirillum spp.+Pseudomonas 

spp., + Bacillus spp.+Trichoderma spp.+ rock phosphate, T6: recommended dose 

of synthetic inorganic fertilizer. Aspergillus flavus, Aspergillus niger, Aspergillus 

spp., Penicillium spp., Fusarium spp., Trichoderma spp., and Bipolaris spp. were 

isolated as root endophytes. However, the statistical analysis using one-way 

ANOVA and the Tukey’s pairwise comparison test indicated that there was no 

significant difference in the diversity and abundance of root endophytes among the 

treatments (p>0.05). Furthermore, considering various biometric parameters of 

rice, including shoot length, root length, number of tillers per plant, flag leaf 

length, dry biomass, 100-grain weight, number of grains per panicle, and harvest 

index showed significant differences (p<0.05) when comparing the control and the 

respective treatments. Moreover, there were significant variations in soil nitrogen 

and phosphorus concentrations, pH, and conductivity among the treatments. This 

suggested that the development and use of such biofertilizers could be served as a 

sustainable alternative, reducing the reliance on synthetic chemical fertilizers in 

rice cultivation in Sri Lanka. 

 

Keywords: Endophytes, Growth and yield parameters, Rice, Sustainability. 

 

INTRODUCTION 

The global agricultural industry is facing an increasing challenge of feeding a 

growing population. In response to this challenge, various agricultural methods 
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have been employed to boost crop production and safeguard crops from  pathogens 

and pests (Tilman et al., 2002). These methods include the use of chemical or 

synthetic fertilizers, pesticides, and insecticides to enhance yields and protect 

against pest damage. However, the widespread use of these agro-chemicals has 

sparked significant public concern about the sustainability, safety, and reliability of 

our food supply (Daniel et al., 2022). 

Excessive use of synthetic fertilizers, which contain nitrogen (N), phosphorus (P), 

potassium (K), and sulfur (S), can weaken plant roots, increase disease 

susceptibility, acidify soil, and cause water eutrophication (Daniel et al., 2022). 

The release of excess N through various pathways leads to environmental issues 

such as global warming, greenhouse gas emissions, nitrate pollution, soil 

degradation, and reduced soil microflora  (Zhang et al., 2023). Therefore, eco-

friendly alternatives are essential for sustainable agriculture (Pathirana &Yapa, 

2020). Biofertilizers have emerged as a sustainable alternative to synthetic 

fertilizers due to their ability to boost crop productivity while reducing 

environmental impacts (Sahoo et al., 2012). Biofertilizers are beneficial 

microorganisms, such as nitrogen-fixing, phosphate-solubilizing, potassium-

solubilizing microorganisms, which enhance soil nutrient availability, induce 

disease resistance, tolerate abiotic stresses and increase plant growth and yield 

(Mahanty et al., 2017; Yapa et al., 2022).   

Rice, a staple food in Sri Lanka and a crucial global crop, requires significant water 

and nutrients like N, P and K for optimal growth (Sewwandi et al., 2023). Research 

into endophytes, microorganisms living within plant tissues without causing harm, 

offers potential benefits for rice farming (Gouda et al., 2016). Nearly all terrestrial 

plants are believed to harbor endophytic fungi, making them a promising focus for 

improving agricultural practices  (Reis et al., 2022). Recent research has 

emphasized the rich biodiversity and ecological significance of endophytic fungi, 

which interact symbiotically with host plants and other microbiomes (Alam et al., 

2021). These fungi contribute to soil sustainability and environmental protection in 

an eco-friendly and cost-effective manner. In rice, endophytic microorganisms 

have been shown to promote growth, and improve disease resistance (Naik et al., 

2009). The present study focused on how biofertilizers containing beneficial 

bacteria and fungi affect the diversity of endophytic fungal populations and the 

growth of rice. 

MATERIALS AND METHODS 

Study Site. The experiment was conducted as a pot experiment under natural light 

conditions in a planthouse at the Faculty of Applied Sciences, Rajarata University 

of Sri Lanka, located in Mihintale, Anuradhapura district, Sri Lanka (GPS 8.3534, 

80.5021). The study area receives an annual rainfall of 1000–1500 mm, with 

temperatures ranging between 28 and 32 °C throughout the year. 

Sample collection, isolation of microorganisms and identification - Soil samples 

were collected from rice fields around Mihintale following the standard sampling 

techniques.  Four samples were taken from each site at a depth of 0-15 cm and 

combined to create one composite sample. Any surface litter was removed before 



AGROFOR International Journal, Vol. 9, Issue No. 3, 2024 

7 

sampling. In the laboratory, the soil was mixed thoroughly for uniformity. A 

subsample of soil was air-dried for determining chemical and physical 

characteristics, including measuring and recording the electrical conductivity and 

pH of the samples (Manzoor et al., 2017). 1g from the each collected soil samples 

was measured and suspended in 10 ml of sterile distilled water to make a soil 

suspension. Then, 10- fold serial dilutions were made from each sample up to 10
-8

.  

Aliquots (1 mL) of dilutions 10
-1

, 10
-3

, 10
-5

, 10
-8 

were spread plated onto four 

different selective media: Pikovskaya's (PKV) medium for phosphate-solubilizing 

bacteria (PSB), King's B (KB) medium for fluorescent pseudomonads, BTB-1 

medium for Azospirillum spp., potato dextrose agar (PDA) medium for 

Trichoderma spp. All plates were incubated at 32 °C for optimal growth of target 

organism. 

Distinct colonies of Azospirillum spp. were identified on BTB-1 plates based on 

morphology and color after 2 days and sub-cultured for further confirmation 

(Bashan et al., 2011). Pseudomonas spp. colonies with fluorescent pigment on KB 

plates were identified and sub-cultured for confirmation (Rainey et al., 2014). 

Phosphate-solubilizing Bacillus spp. were identified by clear halos on PKV plates 

and confirmed through sub-culturing and biochemical identification methods 

(Mayadunna et al., 2023). Trichoderma spp. colonies on PDA plates were sub-

cultured with antibiotics for confirmation based on characteristic morphology (e.g., 

aerial mycelia, conidia). 

Morphological characteristics of colonies such as shape, size, margin, elevation, 

surface, and texture were noted for each bacterial colony (Manzoor et al, 2017). 

Motility of bacterial cells were tested by the hanging drop method. Biochemical 

tests were conducted to identify the bacterial colonies at the generic level, 

following the procedures outlined in Bergey’s Manual of Systematic Bacteriology. 

Gram stain, endospore stain  (Hussey and Zayaitz, 2007), catalase test (Reiner, 

2010), oxidase test (Shields and Cathcart, 2010), KOH test, starch hydrolysis test 

(Lal, 2012), casein hydrolysis test (Salisbury and Likos, 1972), and gelatin 

hydrolysis test (Cruz and Torres, 2012) were carried out for specific bacterial 

identification. 

Trichoderma spp. colonies were identified morphologically, started white and 

became pale to dark green as they mature due to spore production. The colony 

surface was initially velvety but became rough or bumpy as spores develop, with 

an even and well-defined margin. (Siddiquee, 2017). Slide culture was done to 

observe microscopic characteristics of Trichoderma spp.  

Preparation of inoculums 

Pure cultures of Bacillus subtilis, Pseudomonas spp., Azospirillum spp., and 

Trichoderma spp. were used to prepare bacterial inoculants using sterile water, 

following the McFarland method. Bacterial cultures were standardized to a 

turbidity level of 0.5 McFarland, while fungal cultures were standardized to a 1 

McFarland standard for optimal testing. 
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Pot trial for determination of the effect of the biofertilizer  

A pot trial was conducted in the greenhouse at Rajarata University of Sri Lanka, to 

study the impact of biofertilizers on the growth and yield of the BG 358 rice 

variety, which can be harvested after 3.5 months of growth. Seeds were obtained 

from the regional agricultural center in Anuradhapura, Sri Lanka. Soil from rice 

fields in Anuradhapura was collected and sterilized for nursery preparation. The 

seeds underwent a two-step germination process and were then sown in nursery 

trays filled with sterilized soil. Environmental parameters were monitored 

throughout the study, with irrigation provided daily. After 14 days, seedlings were 

transplanted into individual pots filled with compost and soil from the rice fields in 

Anuradhapura, and submerged conditions were maintained throughout (Fig. 1).   

 

 
The treatments for the pot trial were as follows: 

T1: Normal soil 

T2: Nitrogen-fixing bacteria (Azospirillum spp.) 

T3: Phosphorus-solubilizing bacteria (Pseudomonas spp., Bacillus spp.) + Rock 

phosphate 

T4: Trichoderma spp. 

T5: Nitrogen-fixing bacteria (Azospirillum spp.) + Phosphorus-solubilizing bacteria 

(Pseudomonas spp., Bacillus spp.) + Trichoderma spp. + Rock phosphate 

T6: Recommended rates of inorganic fertilizers 

Evaluation of endophytic fungal population  
Surface sterilization - Root samples were washed with running water to remove 

debris and soil particles. They were then sequentially immersed in 70% ethanol for 

3 minutes, 5% sodium hypochlorite for 2 minutes, and 70% Clorox solution for 1 

minute. Afterwards, the samples were rinsed three times with sterile distilled water. 

To validate surface sterilization, the last rinsing water was plated on Potato 

Dextrose Agar (PDA) medium containing tetracycline to prevent bacterial growth. 

The absence of fungal growth in the culture indicated successful surface 

sterilization (Schulz et al., 1993). 

Isolation of endophytic fungi- Surface sterilized root samples were cut into 1 cm 

segments and surface sterilized. Four segments from each sample were randomly 

selected for isolation. The segments were dried and placed onto PDA plates with 

50 µg mL
-1

 of Tetracycline to prevent bacterial contamination. Plates were sealed 

Figure 1- Ten (10) weeks old cultivated 

rice plants 
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and incubated at room temperature for 5-8 days. Developing hyphal tips from 

fungal colonies were transferred onto fresh PDA plates for obtaining pure cultures. 

Plates were observed daily for fungal growth, and all observed fungi were sub-

cultured for purification. 

Morphological and microscopic identification of endophytic fungi: Fungal 

endophytes were identified by observing colony morphological characteristics on 

PDA in Petri dishes. After 7 days of incubation, traits such as colony shape, size, 

elevation, surface, margin, color, pigmentation, and the presence of fruiting bodies 

and spore structures were recorded. Stereo and compound microscopes were used, 

following standard mycological protocols (Kichu et al., 2020). Slides of each 

fungal species were prepared by slide culture method and examined under a 

compound light microscope (Alsharari et al., 2022). Identification of the isolates 

was done primarily based on available identification keys (Ainsworth, 1961). 

Isolation rate (IR) was determined as the number of isolates obtained from plant 

segments divided by the total number of segments incubated. Colonization 

frequency percentage (CF%) of the endophytic fungi was calculated as,  CF% = 

(Number of segments colonized by an endophyte / Total number of segments 

analyzed) * 100 (Hata and Futai, 1995). 

Fungal diversity indices- Endophytic Fungal species diversity was reported as 

species richness (R), Shannon’s diversity index (H′) (Feranchuk et al., 2018), and 

Simpson’s index of dominance (D′) (Simpson, 1949). These metrics were 

calculated for each treatment using online tools (available at: 

http://www.alyoung.com/labs/biodiversity_calculator.html). Species richness 

indicated the number of different species present, while Shannon’s diversity index 

measured overall diversity based on the abundance of each species. Simpson’s 

index of dominance quantified the dominance of species within each treatment. 

These calculations provided insights into the diversity of endophytic fungi across 

the treatments. 

Biometric data collection- Biometric data, including plant height, number of 

leaves per plant, flag leaf length, and tillers per plant, were recorded at four- time 

intervals: 3, 6, 9, and 12 weeks after transplantation. Yield related attributes per 

plant, such as number of productive tillers, panicle length, grains per panicle, 

hundred-grain weight, dry plant biomass, and harvesting index, were recorded at 

harvest. (Kalamulla et al., 2022). 

Soil chemical analysis - Total Nitrogen content in each treatment were assessed 

using Kjeldahl's method (Bremner, 1960; Abrams et al. 2014), which involves 

digestion, distillation, and ammonia determination). Phosphorus content in soil was 

determined using the Vandate-molybdate method (Rajani, 2019) 

Viable microbial cell count: The number of viable microorganisms in each 

treatment was assessed by a colony-forming unit (CFU) per 1 g of soil samples. 

This involved serial dilution of samples, plating onto agar plates, and incubation 

for colony growth. The CFU count per 1 g of soil was calculated based on the 

number of countable colonies on plates and the dilution factor. This count was 

performed three times during the study period. 

http://www.alyoung.com/labs/biodiversity_calculator.html
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Statistical analysis- The treatments were arranged in a randomized complete block 

design (RCBD) with five replicates. Data were statistically analyzed using One-

way ANOVA and the Tukey’s Pairwise Comparisons test. 

 

RESULTS AND DISCUSSION 

The effect of bacterial and fungal biofertilizers on endophytic fungal 

population  

It was observed that there were 47 fungal isolates out of 96 plant segments. 

Although the number of fungal isolates in different treatments were not statistically 

different (p<0.05), the highest number of isolates were observed from treatments 

T2 (Azospirillum spp.) and T6 (inorganic fertilizer), while the lowest number was 

from T5 (Azospirillum spp. + Bacillus spp. + Pseudomonas spp. + Trichoderma 

spp.) (Fig. 2). 

 

Table 1.  The isolation rates of endophytes and their colonization frequencies under 

different treatments 
Treatment Isolation Rate Colonization 

Frequency 

T1 0.5625 ±0.239 56.25% 

T2 0.625 ±0.144 62.5% 

T3 0.4375 ±0.239 43.75% 

T4 0.375 ±0.144 37.5% 

T5 0.3125 ±0.125 31.25% 

T6 0.625 ±0.144 62.5% 

 

 
Figure 2. Average number of fragments of endophytes isolated from each treatment 

 

The colonization frequency (CF%) of endophytic fungi was assessed for six 

treatments. The highest colonization frequencies were observed in treatments T2 
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(Azospirillum spp.) (62.5%), and T6 (inorganic fertilizer), while the lowest, was 

seen in treatment T5 (Azospirillum spp. + Bacillus spp. + Pseudomonas spp. + 

Trichoderma spp.) (31.25%). This indicated that T5 had lower rates of endophyte 

isolation and colonization compared to other treatments (Table1).  

 
Diversity indices of the endophytic fungi  

 

Table 2. Diversity indices of the endophytic fungi isolated from the six treatments 

 

Shannon’s 

diversity 

index (H′) 

Shannon 

Equitability 

Index (EH) 

Simpson’s 

Diversity 

Index (D) 

Dominance 

Index (1 – 

D) 

Berger-

Parker 

Dominance 

Index 

Margalef 

Richness 

Index 

T1 1.523 0.9463 0.139 0.861 0.3333 1.8205 

T2 1.557 0.967 0.133 0.867 0.3 1.7372 

T3 1.351 0.975 0.143 0.857 0.285 1.5417 

T4 1.011 0.92 0.267 0.733 0.5 1.1162 

T5 0.673 0.97 0.4 0.6 0.6 0.6213 

T6 1.029 0.937 0.311 0.689 0.5 0.8686 

 

The diversity indices of endophytic fungi (EF) isolated from six treatments were 

analyzed using multiple indices: Shannon-Weiner, Simpson's, Simpson's diversity 

(1 - D), Berger-Parker Dominance, and Margalef Richness. The highest diversity, 

based on Simpson’s index of diversity, was observed in T5. However, Shannon's 

index, which considers both richness and evenness, has been identified T5 as the 

most diverse. Instead, T2 had a higher Shannon’s diversity index, indicating more 

species and a more even distribution (Table 2). Despite slight differences in fungal 

endophytic diversity among treatments, statistical analysis revealed no significant 

difference (p>0.05). 
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Figure 3. Colony morphology of isolated endophytic fungi (A) Aspergillus flavus 

(B) Aspergillus niger (C) Aspergillus spp. 3 (D) Aspergillus spp. 4 (E)Penicillium 

spp. (F) Fusarium spp. (G) Trichoderma spp. (H) Bipolaris spp. 

    

    
 

Figure 4. Microscopic view of isolated endophytic fungi (A) Aspergillus flavus, 

(B) Aspergillus niger, (C) Aspergillus spp. 3 (D) Aspergillus spp. 4 (E) Penicillium 

spp. (F) Fusarium spp. (G) Trichoderma spp. (H) Bipolaris spp. 

 

The fungal endophytes isolated from the 6 treatments are primarily common genera 

found in soil. They are Aspergillus flavus, Aspergillus niger and other two 

Aspergillus spp., Penicillium spp., Fusarium spp., Trichoderma spp. and Bipolaris 

spp. (Fig. 3 and Fig. 4). 

  

B A 

E F 

C 

G 

D 

H 

A B C D 

E F G H 
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Effect of bacterial and fungal biofertilizers on the growth of rice  

Growth parameters  

 
Figure 5. Change of shoot length with the time 

 

Shoot length (cm)- Initially, the plants grew steadily from 0 cm to 70 cm over the 

first 9 weeks. In the following 3 weeks, the growth rate slowed, reaching 80 cm. 

This indicated that the overall growth of rice approximately 80 cm in 12 weeks 

(Fig. 5). Statistical analysis confirmed the significant difference among treatments 

(p<0.05), implying that the growth differences are substantial and not due to 

chance.  Among the treatments, T5, which combined biofertilizer, showed the 

highest growth rate, indicating the most effective growth-promoting effect (Table 

3). This enhanced productivity can be attributed to the synergistic effects of the 

combined biofertilizers, which improve nutrient availability and uptake by rice 

plants. 

 

Table 3. Growth‐attributing characters of the rice plant according to different 

fertilizer application 
Treatment Number of 

tillers per 

plant 

 

Number of 

leaves per 

plant 

Flag leaf 

length 

(cm) 

Root length 

of rice 

plants 

 

Shoot dry 

weight per 

plant (g) 

 

Root dry 

weight per 

plant (g) 

 

T1 2.25±0.95
 d
 16.25±1.70

c
 14.7±1.82

d
 8±0.71

d
 6.51±0.93

d
 2.14±0.91

c
 

T2 4±0.81
cd

 21±2.44
b
 22.32±0.90

c
 9.72±0.60

c
 8.92±0.98

cd
 2.11±0.67

c
 

T3 4.25±0.57
cd

 23.75±1.25
ab

 22.4±0.95
c
 12.9±0.49

b
 11.57±0.81

bc
 2.95±0.54

bc
 

T4 5±0.81
bc

 22.75±1.25
b
 26±1.47

b
 14.05±0.82

ab
 14.02±1.62

b
 3.98±0.68

b
 

T5 7±1.82
ab

 26.75±1.5
a
 30.87±1.31

a
 15.22±0.85

a
 17.52±1.08

a
 5.87±0.45

a
 

T6 7.75±1.70 
a
 26.75±0.95

a
 31.62±1.25

a
 9.12±0.85

cd
 19.27±1.92

a
 4.42±0.63

ab
 

 

The means under each parameter followed by the same letter are not significantly 

different (p ≤ 0.05) according to Tukey's pairwise comparisons. Values are means 

0
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± standard errors, calculated from four replicates. Different letters (a, b, c, d) 

indicate significant differences among fertilizer treatments. 

Yield parameters 

Yield attributing factors were determined such as number of grains per panicle, 

number of productive tillers, weight of 100 grains and the harvest index (HI). 

Analysis of these yield parameters revealed significant difference (p<0.05) among 

treatments compared to the control (Table 4).   

Harvest index is a measure of the economic yield of a crop, calculated as the ratio 

of grain yield to total biomass yield. In simple terms, it shows how much of the 

plant's total biomass is harvested as grains. The highest HI showed by T6 followed 

by T5, T4 and T3. The control (T1) has the lowest harvest index. Statistical 

analysis confirmed that a significant difference between these treatments (p<0.05), 

indicating that the observed variations in average panicle lengths are not due to a 

chance. 

 

Table 4. Yield‐attributing characters of the rice plant according to the different 

fertilizer application 
Treatmen

t 

Dry weight of 

100 seeds 

No. of 

productive 

tillers 

Panicle 

length 

No. of grains 

per panicle 

Harvesting Index 

T1 1.28±0.10c 1.75±0.5c 18.05±1.17c 83.5±17.31d 0.255±0.037d 

T2 1.33±0.16bc 2.75±0.95bc 19.42±1.10c 99.25±14.26cd 0.287±0.038cd 

T3 1.49±0.12abc 3±0.81bc 21.67±1.15b 126.25±21.32bc 0.337±0.013bc 

T4 1.59±0.15ab 4±0.81b 23.45±1.14b 146.75±14.88ab 0.390±0.038b 

T5 1.73±0.08a 6±0.81a 25.97±0.55a 165±7.70a 0.474±0.043a 

T6 1.75±0.05a 6.25±0.95a 26.85±0.41a 168.5±4.79a 0.495±0.038a 

The means under each parameter followed by the same letter are not significantly 

different (p ≤ 0.05) according to Tukey's pairwise comparisons. Values are means 

± standard errors, calculated from four replicates. Different letters (a, b, c, d) 

indicate significant differences among fertilizer treatments. 

 

Table 5. Basic chemical parameters and total microbial counts of the collected soil 

samples from each treatment 
Treatment Soil pH (after 12 

weeks) 

Soil Conductivity (µs) 

T1 6.542±0.156
ab

 84.923±21.417
d
 

T2 6.967±0.179
a
 134.093±26.860

cd
 

T3 5.717±0.331
c
 147.5±24.925

bcd
 

T4 6.343±0.248
b
 193.60±42.362

bc
 

T5 6.112±0.333
bc

 224.4±46.595
ab

 

T6 6.255±0.188
bc

 274.70±40.977
a
 

The soil pH values range from about 5 to 7, with the lowest pH in T3 and the 

highest in T2, indicating slightly acidic conditions influenced by different 

treatments (Table 5). Soil conductivity, ranging from 75 to 300 µs and indicating 
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moderately saline conditions, is highest in T6 (inorganic fertilizer) due to soluble 

salts, followed by T5 and T4, while T2 and T3 have the lowest conductivity, likely 

due to a smaller impact from their respective treatments. 

The treatment with the addition of combined biofertilizer and rock phosphate (T5), 

was shown the highest number of total culturable bacteria after 9 weeks. This 

indicated that T5 promotes a thriving bacterial community in the soil, potentially 

due to improved nutrient availability, the presence of beneficial compounds for 

certain bacteria, or the other factors. In contrast, T1, representing normal soil, 

exhibits the lowest number of total culturable bacteria after 9 weeks. The other 

treatments such as T2, T3, T4, and T6 were indicated the higher bacterial counts 

than T1 but lower than T5, placing them between these extremes (Fig. 5, Fig. 6). 

 

 
Figure 6. Microbial counts of the collected soil samples from each treatment 
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Nutrient uptake- It was shown that the highest soil (PO4)-3 concentration, in T6 

indicated a high level of readily available phosphate in the soil. T1 and T2, 

representing normal soil and nitrogen-fixing Azospirillum spp. respectively, have 

the lowest soil (PO4)
-3

 concentrations, suggesting limited natural phosphate 

availability and minimal impact of nitrogen fixing bacteria on phosphate 

mobilization. However, the nitrogen fixation needs more energy to breakdown 

triple bond of N2 hence, absorb more soluble phosphates from the soil.  

 

Table 6. Mean Nitrogen percentage in soil, shoot and root samples of each 

treatment 
Treatment Total N% in soil Total N% in root Total N% in shoot 

T1 0.0910±0.0180
a
 0.6304±0.0511

e
 1.4955±0.0576

d
 

T2 0.1085±0.0134
a
 0.7285±0.0302

d
 1.5656±0.0462

d
 

T3 0.1120±0.0114
a
 0.8511±0.0239

c
 1.3694±0.0699

d
 

T4 0.1733±0.1040
a
 1.0017±0.0542

b
 1.8703±0.1557

c
 

T5 0.1716±0.0176
a
 1.3099±0.0478

a
 2.6619±0.0605

b
 

T6 0.3292±0.0435
a
 1.2644±0.0239

a
 3.0121±0.0943

a
 

 

All the treatments were shown relatively low soil N%, suggesting potential 

nitrogen deficiency. T5 (combined treatment with bacteria and rock phosphate) has 

the highest root N%, followed by T6 (inorganic fertilizer). T1 (normal soil) has the 

lowest root N%. T5 (combined treatment) has the highest shoot N%, significantly 

higher than all the other treatments. T3 (phosphorus-solubilizing bacteria and rock 

phosphate) has the lowest shoot N% (Table 6).  

In the present study microorganisms capable of fixing nitrogen and solubilizing 

phosphates were selected for their potential benefits. Azospirillum spp. was 

identified as a nitrogen-fixing microorganism, while Bacillus sp., Pseudomonas 

sp., and Trichoderma sp. were recognized as phosphate and potassium solubilizing 

microorganisms. The impact of bacterial and fungal biofertilizers on endophytic 

fungal populations is complex, influenced by the specific properties of the 

biofertilizers, plant species, and environmental conditions. The observed effects on 

endophyte populations can be attributed to beneficial microorganisms competing 

for resources, triggering systemic resistance in plants, and producing antibiotics 

and enzymes that target pathogenic endophytes (Qin et al., 2011). Trichoderma 

species can parasitize other fungi, reducing pathogenic endophytes. Additionally, 

beneficial microbes can create favorable environments for certain endophytes, 

enhancing nutrient uptake, stress tolerance, and plant growth (Naik et al., 2009). 

The discovery of many potential plant pathogenic genera as endophytes supports 

the theory that endophytes can act as latent pathogens (Schulz et al., 1993). 

However, they can also live commensally or mutualistically within their hosts at 

different life stages, deriving nutrients and protection while enhancing host 

resistance through antibiotically active metabolites (Redman et al., 2002). 

Normal Soil serves as a valuable baseline for comparison, highlighting the need for 

nutrient amendments in deficient soils. Understanding natural soil nutrient 
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dynamics is crucial for developing sustainable management practices. The 

electrical conductivity of soil indicates the presence or absence of salts, with higher 

values suggesting higher ion concentrations and vice versa (Mayadunna et al., 

2023). In this study, the electrical conductivities of soils from various treatments 

differed significantly, with no observable correlation with other factors. 

Phosphorus-solubilizing bacteria might release organic acids as they solubilize 

phosphorus, leading to a decrease in soil pH (Alori et al., 2017). Inorganic fertilizer 

often contains acidic compounds like ammonium sulfate, potentially the reason for 

its lower pH. The T5 might have a cumulative effect from phosphorus-solubilizing 

bacteria and other components influencing pH. 

In T5, the synergy of bacteria, rock phosphate, and Trichoderma spp. enhances 

nutrient uptake efficiency and promotes plant growth more effectively than using 

individual components. This approach could reduce reliance on inorganic 

fertilizers, decreasing associated environmental and cost drawbacks (Sabry, 2015). 

Also, Azospirillum  (Suhag, 2016) and Trichoderma spp. may also contribute to 

beneficial soil microbial communities and improve soil structure over time. 

However, the long-term effectiveness and sustainability compared to inorganic 

fertilizers need further investigation. Optimizing the specific bacterial combination 

and application strategies is crucial for maximizing benefits. 

Phosphorus-Solubilizing bacteria (T3) and Nitrogen fixing bacteria (T2) might 

addressed specific nutrient deficiencies (phosphorus or nitrogen) while potentially 

having less impact on other soil properties compared to inorganic fertilizers. The 

inoculation of beneficial microorganisms into the rhizosphere of rice plants 

enhances nutrient availability, which, when absorbed by the plants, positively 

influences their growth and yield parameters. The application of combined 

biofertilizers to rice plants resulted in increased yield components, including the 

number of effective tillers per plant, panicle length, and the number of grains per 

panicle. The biofertilizers enhanced the allocation of additional nitrogen (N) and 

phosphorus (P) to panicles, which increased productivity and grain yield. 

Interestingly, plants treated with combined biofertilizer produced higher yield same 

as inorganic fertilizer. This finding supports the promotion of ecological 

agriculture as an alternative to the exclusive use of chemical fertilizers. 

The combined use of Trichoderma with various other plant growth promoting 

rhizobacteria has shown significant synergistic effects in enhancing plant growth, 

improving nutrient uptake, and increasing crop yields. A field experiment at 

Jabalpur, India in 2017-18 showed that the combined application of Trichoderma 

viride, Pseudomonas fluorescence, and Azotobacter chroococcum significantly 

improved the growth and yield of chilli cv. Arka Lohit. The treatment resulted in 

the tallest plants and the highest yield, with the best results recorded in the 

combined treatment of Trichoderma and PGPR (Singh and Sharma, 2019). 

According the another study the inoculation of Azospirillum sp. not only promoted 

rice growth but also influenced association of bacteria with rice in both the base 

and shoot of the plant (Bao et al., 2013). Hossain et al., (2015) revealed that the 
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Azospirillum inoculation significantly increased all plant growth parameters, and 

seed germination as well.   

While inorganic fertilizer provides a quick and effective solution for nutrient 

deficiencies, its drawbacks necessitate exploring alternative approaches. The 

application of bacteria, rock phosphate, and Trichoderma spp. (T5) were shown 

more promising approach of sustainable nutrient use in rice farming.  However, 

further research is needed to fully understand and optimize its long-term benefits 

and ensure its wider applicability. Ultimately, a combination of strategies 

considering specific soil conditions, plant needs, and long-term sustainability goals 

are likely to be the most effective approach for managing soil fertility and plant 

growth. 

CONCLUSIONS 

This study revealed that the colonization and diversity of endophytic fungi were 

not significantly affected by the use of biofertilizers or synthetic inorganic 

fertilizers. But there can be long term effects of applying these fertilizers. The 

application of biofertilizers in rice fields significantly increased shoot and root 

growth in rice plants under submerged conditions, leading to improved plant 

productivity, and yield. Therefore, biofertilizers have the potential to optimize rice 

yield sustainably. Since there was no significant difference of yield increment of 

rice between biofertilizer and inorganic fertilization, biofertilizers can be used as an 

alternative to synthetic inorganic fertilizer in rice farming. 
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ABSTRACT 

The implementation of the IPARD (Instrument for Pre-Accession Assistance in 

Rural Development) initiative in Montenegro has advanced the agricultural sector 

by providing farmers with machinery and equipment, including tractors, trailers, 

balers, and irrigation systems. Through four public calls for support, a total of 333 

investments were channelled, accompanied by infrastructural development to 

enhance farming operations and productivity. This paper assesses the impact and 

effectiveness of the IPARD initiative, particularly its contribution to modernizing 

the agricultural sector through machinery and equipment provision. The analyses 

involved a combination of data extraction from online sources, statistical analysis 

using tools like SWOT analysis and Technological Advancements Assessment, and 

qualitative insights from interviews with key stakeholders to evaluate the impact of 

IPARD on agricultural modernization in Montenegro. It evaluates how IPARD 

support has enhanced farming operations, productivity, and efficiency in 

Montenegro, identifying challenges and opportunities for improvement. 

Additionally, it provides insights and recommendations for future initiatives to 

foster sustainable agricultural modernization in the country. Notably, beneficiaries 

from Bijelo Polje received the highest support at €4,003,999, while Budva and 

Tivat did not receive any. Municipalities like Podgorica and Nikšić also received 

significant support, reflecting their larger populations and areas. The anticipated 

impact is transformative, empowering farmers to modernize practices and improve 

efficiency. Despite challenges like eligibility criteria and communication barriers, 

positive collaboration and efficient information dissemination have been observed. 

Opportunities for improvement include expanding financing mechanisms and 

enhancing user engagement. These insights will guide future efforts toward 
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sustainable agricultural modernization in Montenegro. Moving forward, expanding 

financing mechanisms and enhancing user engagement are crucial steps to further 

empower farmers and ensure the continued success of agricultural development 

initiatives in Montenegro. 

 

Keywords: IPARD, Montenegro, agricultural machinery, modernization, rural 

development. 

 

INTRODUCTION 

The agricultural policy of the European Union (EU) prioritizes sustainable "green 

agriculture" and multifunctionality, linking financial support to environmental, 

health, and good agricultural practice standards (EC, 2008). This policy shift 

acknowledges agriculture's broader rural context, focusing on climate actions and 

sustainable resource management. In the Western Balkans, the EU supports rural 

development through various programs, such as: (a) IPARD Program provides 

financial assistance for agricultural investments, modernization, and 

competitiveness enhancement; (b) Capacity Building initiatives offer training 

aligned with EU standards; (c) Technical Assistance aids in aligning agricultural 

policies and regulations with EU standards; (d) Market Access and Trade 

facilitation enable export to EU member states; (e) Cross-Border Cooperation 

fosters economic development and infrastructure improvement; (f) Environmental 

Sustainability initiatives promote eco-friendly farming practices and address 

climate change; (g) Rural Infrastructure Development enhances rural areas' overall 

development; (h) Diversification and Value-Added Products encourage non-

agricultural activities and value-added agricultural products; (i) Research and 

Innovation support farmers' access to advanced agricultural technology. These 

efforts aim to bolster stability, economic growth, and development in the Western 

Balkans, aligning them with EU standards in preparation for potential EU 

membership. 

The Instrument for Pre-Accession Assistance in Rural Development (IPARD) is a 

financial instrument of the European Union (EU) aimed at supporting candidate 

and potential candidate countries in aligning their agriculture and rural 

development sectors with EU standards. IPARD offers financial aid and technical 

support to modernize agricultural practices, improve rural infrastructure, and 

enhance competitiveness. Key aspects include financial grants for investments, co-

financing mechanisms, accessibility to various actors, support for a range of 

activities, a defined application process, technical assistance, monitoring and 

evaluation, and training initiatives. IPARD contributes to aligning agriculture and 

rural development with EU standards, fostering economic development, and 

preparing countries for EU membership. 

The objectives of the study are to evaluate the effectiveness and impact of the 

IPARD initiative on modernizing the agricultural sector in Montenegro, with a 

focus on improvements in farming operations, productivity, and efficiency through 

the provision of machinery and equipment. Additionally, the study aims to identify 
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challenges encountered during the implementation of IPARD, such as eligibility 

criteria and communication barriers, while exploring opportunities for enhancing 

future initiatives. The study will also offer actionable recommendations for refining 

the IPARD program and similar agricultural modernization efforts to foster 

sustainable agricultural development in Montenegro. Furthermore, it will examine 

the regional distribution of support and investment to understand variations in 

impact across different municipalities and highlight areas needing additional focus. 

Finally, the study will use insights gained from the analysis to guide future 

agricultural development initiatives, ensuring more effective support and resource 

allocation for sustainable growth in Montenegro's agricultural sector. 

 

MATERIALS AND METHODS 

Study area 

Montenegro, situated on the Balkan Peninsula, boasts diverse landscapes from 

coastal shores to towering mountains. Its climates range from Mediterranean to 

alpine, offering a unique environment (Pittaway, 2004). The administrative setup 

comprises 25 municipalities, including the capital, Podgorica. Despite its small 

size, Montenegro's elevations span from sea level to 2,535 meters, with a mean 

elevation of 1086 meters. However, agricultural neglect due to industrialization 

since the 1960s, coupled with rural exodus to urban areas, has impacted rural 

populations, reducing them to only 37.2% of the total population according to the 

2011 census (Brajuskovic et al., 2018). The northern region is the most rural area, 

with around 60% of the population living in rural areas, the southern region with 

around 40% of the rural population, while the central region is with only 20% of 

the rural population (Mijanovic et al., 2017; Pejanovic et al., 2020). This is 

important to highlight in connection with the analysis of the justification of support 

to the agricultural machinery sector in Montenegro. 

 

Methods 

Methodology was devised by merging data extraction from online sources and 

harnessing statistical insights from entities like Statista, MONSTAT, and the 

official documents of the Montenegrin Government. Approach encompassed 

examination of scholarly and professional literature to collect relevant data. We 

drew upon conventional scientific techniques and specific tools such as statistical 

indicators and composite data to delve into the dynamics of Agricultural Sector 

Modernization in Montenegro through the lens of Agricultural Mechanization 

under the auspices of the IPARD program. By harnessing the datasets afforded by 

the aforementioned sources, we gained access to current national-level data. This 

dataset laid the groundwork for our comparative scrutiny, dissecting divergent 

regions within Montenegro. 

In the second phase of our research, the statistics collected from accessible sources 

underwent demanding scrutiny, employing conventional research tools such as 

SWOT analysis and Technological Advancements and Innovation Assessment. 
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This research was further enriched through interviews conducted with key 

stakeholders, including farmers (15 respondents in total) and policymakers (5 

respondents); that are 20 respondents in total. These interviews were an 

opportunity for the interviewers to clarify any queries from the respondents. The 

respondents comprised individuals overseeing agricultural policy management, 

with both the European accession process and extension services. Employing a 

criterion-based sampling approach, subjects were accurately selected. The 

questionnaires presented close-ended queries. The feedback, provided in the 

Results section, can guide future improvements and strategies to ensure more 

efficient and successful collaboration in similar initiatives. 

 

RESULTS AND DISCUSSION 

The IPARD measure of support to agriculture in Montenegro has provided 

numerous farmers with a diverse range of agricultural equipment aimed at 

enhancing farming operations and productivity. This equipment includes tractor 

units, trailers, balers, mowers, plows, sprayers, irrigation systems, hay collectors, 

and various other tools for cultivation and animal husbandry. Additionally, 

infrastructure development to support the delivered equipment has been included in 

the support. With 333 investments implemented through four public calls for 

support via the Ministry of Agriculture (Figure 1), IPARD II in Montenegro is 

expected to significantly improve agricultural activities and capabilities, thereby 

boosting overall productivity and efficiency. 

Beneficiaries from all municipalities were supported, except for the municipalities 

of Budva and Tivat. According to the number of sub-regions, the largest number of 

users is from Bijelo Polje, followed by Niksic, Pljevlja and Podgorica; and the least 

from the coastal municipalities: Herceg Novi and Kotor. The territory of Gornje 

Polimlje, which is a distinctly agricultural area, was insufficiently supported, 

considering the production capacities and needs for agricultural machinery. The 

total amount of investment (including VAT, EUR) by municipality, IPARD II in 

Montenegro is presented in Figure 2.  

 

 
Fig. 1 Number of investments per municipality, IPARD II, Montenegro. 
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Fig. 2. Investment (including VAT, EUR) by municipality, IPARD II, Montenegro. 

 

Table 1. Support in funding per Municipality. 

Municipalities 
Area in 

km
2
 

Population 

in 2023 

Population / 

km
2
 2023 

Support  

in (EUR) 
Andrijevica 340 4532 13 182,653.91 

Bar 505 44057 87 286,546.49 

Berane 496 26393 53 267,880.15 

Bijelo Polje 924 41642 45 4,003,999.28 

Budva 122 22387 184 - 

Cetinje 910 15046 17 3,446,311.38 

Danilovgrad 501 18287 37 5,098,856.88 

Gusinje 157 3995 25 122,859.07 

Herceg Novi 235 30480 130 632,332.60 

Kolašin 898 7132 8 223,297.27 

Kotor 335 22793 68 511,287.44 

Mojkovac 367 7415 20 613,577.64 

Nikšić 2065 68736 33 9,152,645.22 

Petnjica 173 5245 30 158,597.87 

Plav 329 8287 25 46,889.61 

Pljevlja 1346 26556 20 1,059,480.69 

Plužine 854 2551 3 287,294.96 

Podgorica 1441 190488 132 6,727,894.28 

Rožaje 415 22982 55 526,780.01 

Šavnik 555 1527 3 372,498.40 

Tuzi 46 15205 331 1,195,138.50 

Tivat 246 12389 50 - 

Ulcinj 255 20128 79 830,402.22 

Žabljak 445 3053 7 881,384.42 

Zeta 153 16231 106 12,521.00 

 
The total investment (including VAT, EUR) per municipality, IPARD II calls for 

equipment and machinery was 38,527,685 euros. The municipality of Niksic 

received the most financial support (about 9 million). The municipalities of 

Podgorica (6.7 million), Danilovgrad (5.1 million), and Bijelo Polje (4 million) 

follow. Considering the relationship between the number of inhabitants and the 

number of investments, the most significant support was given to the municipalities 
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of Bijelo Polje, Cetinje, Danilovgrad, Nikšić, Šavnik and Žabljak. The most 

significant support was provided to the municipalities of Bijelo Polje, Cetinje, 

Danilovgrad, Herceg Novi, Kotor, Mojkovac, Nikšić, Podgorica and Žabljak. The 

northern region is the most rural area, with around 60% of the population living in 

rural areas but the structure of municipalities from the Northeastern Montenegro 

proportionally did not receive the support that was to be expected regarding natural 

conditions, and the degree of (under)development of this region, and at the same 

time the potential for agricultural development. The area of Zeta is traditionally an 

agricultural area, and the new cycles of support should not neglect this area.  

In Table 2 we presented insights from interviews with stakeholders. Challenges 

included meeting eligibility criteria, communication obstacles, aligning 

expectations, and pre-financing requirements. Positive outcomes included reduced 

labour dependence and increased climate resilience. Recommendations for 

improvement include expanding financial participation, enhancing feedback 

mechanisms, and providing training. Future collaboration should consider co-

financing, involving users in decision-making, transparent communication, and 

capacity-building initiatives. Collaboration was deemed crucial for project success, 

shaping future agricultural modernization efforts. 

 

Table 2. SWOT Analysis. 

 
STRENGTHS: 

Comprehensive Support Package: The IPARD 

initiative offers a wide range of agricultural 

machinery and equipment to Montenegrin 

farmers, empowering them with the tools needed 

to enhance their farming operations. 

Positive Collaborative Impact: The successful 

collaboration between administration and 

beneficiaries has led to notable successes, 

including decreased reliance on external labour, 

increased climate resilience, and reduced 

workloads. 

Efficient Information Dissemination: The use 

of precise eligibility criteria and documentation 

checklists has streamlined information 

dissemination, promoting transparency and 

clarity in the application process. 

Responsiveness and Flexibility: The 

administration's ability to adapt and respond to 

challenges has been praised, contributing to the 

effectiveness of the collaboration. 

Geographical Distribution: The support has 

reached numerous municipalities, positively 

impacting the majority of regions and 

beneficiaries, promoting widespread 

modernization. 

WEAKNESSES: 

Eligibility Criteria Challenges: The 

stringent eligibility criteria have posed 

challenges, potentially excluding 

potential beneficiaries who do not 

fully meet the criteria. 

Communication Barriers: 
Communication hurdles, including 

postal delays, have hindered effective 

information exchange, leading to 

potential delays in project realization. 

Expectation Alignment Issues: 
Misalignments between user 

expectations and project goals have 

occasionally arisen, leading to 

misunderstandings and potential 

dissatisfaction among beneficiaries. 

Pre-Financing Requirement: 
Requiring beneficiaries to pre-finance 

their investments has created hurdles 

during project realization, potentially 

limiting the participation of certain 

stakeholders (although this is pre-

established criterion earlier). 
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OPPORTUNITIES: 

Financing Mechanism Expansion: By 

involving more financial institutions in 

investment financing, the project's accessibility 

and reach could be expanded, ensuring more 

stakeholders can benefit. 

User Engagement Enhancement: Continued 

accessibility to engagement personnel and the 

incorporation of user feedback can lead to 

iterative improvements and foster a sense of 

ownership. 

Training and Capacity Building: Offering 

training sessions and initiatives to empower 

users in effectively utilizing the provided 

agricultural machinery can enhance the overall 

impact and sustainability of the support. 

Innovative Financial Approaches: Exploring 

co-financing options instead of reimbursement 

could broaden the scope of project accessibility 

and cater to a wider range of users. 

THREATS: 

Inequitable Support Distribution: 
Some areas, such as Polimlje, have 

been insufficiently supported, 

potentially leading to uneven 

agricultural development across the 

country. 

Lack of User Inclusion: Without 

incorporating user suggestions and 

engagement in decision-making, the 

projects may not fully address the 

needs and aspirations of the 

beneficiaries. 

Limited Financial Resources: The 

total investment amount, while 

significant, may still be limited in 

addressing the full spectrum of 

agricultural modernization needs in 

Montenegro. 

Technological Learning Curve: 
Farmers might face challenges in 

effectively using advanced machinery 

without proper training and support. 

 

The initiative demonstrates strengths in comprehensive support, positive 

collaboration, efficient information dissemination, and responsiveness. However, 

challenges persist regarding eligibility criteria, communication barriers, and 

expectation alignment. Opportunities for improvement include expanding financing 

mechanisms, enhancing user engagement, and providing training. Meanwhile, 

threats such as uneven distribution, limited resources, and lack of user inclusion 

need to be addressed to ensure sustainable agricultural modernization in 

Montenegro. 

CONCLUSIONS 

The IPARD measure has facilitated significant transformations in Montenegro's 

agricultural sector, providing essential machinery and equipment to numerous 

farmers. This support extends beyond equipment, encompassing infrastructure 

development to enhance asset utilization. Anticipated outcomes include substantial 

improvements in farming efficiency and productivity, aligning with modern 

agricultural practices. Despite challenges and regional variations, IPARD II has 

positively impacted municipalities like Bijelo Polje, Niksic, Pljevlja, and 

Podgorica. Challenges such as criteria fulfillment and communication barriers 

underscore the importance of effective collaboration, while positive aspects 

highlight the potential for transformative outcomes. Recommendations for the 

future include exploring financial approaches, increasing user engagement, and 

transparent communication to foster agricultural modernization. Lessons learned 
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may shape future initiatives, paving the way for sustainable growth in agricultural 

sector. 
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ABSTRACT 

The research aimed to the evaluation of some morphological and chemical 

parameters of tomato leaves under the treatment with microalgae extracts. In 

August 2023, tomato seedlings (cultivar ‘Belle’ F1, Enza Zaden) were planted in 

25 L pots, filled with peat (producer Laflora LTd., pHKCl 5.5) and grown in 

polycarbonate greenhouse of the laboratory of Horticulture and Beekeeping of the 

Latvia University of Life Sciences and Technologies. The plants were sprayed 

weekly (for a total of five times) with the solution of ethanol extractions of 

different microalgae species: Spirulina, Dunaliella and Chlorella, from 14
th
 August 

till 11
th
 September, till harvesting time. In total, nine plants per treatment were 

used. Two concentrations of the extracts were compared with sprays with 

corresponding ethanol solution as a control. In September, one week before first 

yield harvesting, for tomato leaves, such indices as length and width of leaf plate, 

pH, content of soluble solids, pigments and colour components of L*, a*, b* were 

determined. The obtained results showed that tomato leaves under the treatment 

with 10% Spirulina were shorter and narrower. Under the treatment with 10% 

Dunaliella as well as under 2% ethanol in control leaves were longer and wider, 

characterised with higher Brix, chlorophyll and carotenoids content, but decreased 

colour components of the L*, a*, b*. Despite the fact that tomato plants grew well 

and developed normally under all treatments, 10% Dunaliella extract is the most 

suitable for tomato leaves. Further research is needed to adjust treatment with 

microalgae extracts for tomato cultivation. 

 

Keywords: Tomato leaves, Microalgae extracts, Physical properties, 

Phytochemicals. 
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INTRODUCTION 

Horticultural plants, including the increasingly popular tomato (Solanum 

lycopersicum L.), which is a favored vegetable in Europe, are rich in bioactive 

compounds like flavonoids, phenolics, anthocyanins, and phenolic acids, as well as 

essential nutrients such as sugars, essential oils, carotenoids, vitamins, and minerals 

They pay attention also on sensory properties of products, including taste and 

colour (Raza et al., 2022; Duma et al., 2019; Ullah et al., 2020). Carotenoids, a 

class of secondary photosynthetic pigments synthesized in plants, are vital to 

survival and extremely important for plant health. Carotenoids are not only 

essential for harvesting light in leaves, but they are also precursors of molecules 

responsible for plant signaling and growth regulation (Payne et al., 2024; Sun et al., 

2022). Chlorophyll is an important pigment for photosynthesis of plants and its 

content and composition directly affect the photosynthetic capacity, nutrient level, 

growth and development of plants. The contents of chlorophyll a and chlorophyll b 

as well as their proportion directly affect the selective light absorption and 

utilization in plants (Wang et al., 2015). Therefore, rapid quantitative measurement 

of the composition and content of chlorophyll in leaves is conducive to grasping 

the physiological status of plants, which can be used to guide plant production 

management (Wang et al., 2015). A number of authors emphasize the various 

biochemical factors, such as the content of pigment and nutrients, have been found 

to affect the optical properties of tissues. Leaf pigment content can reflect the 

nutrient content of the cultivation medium indirectly (Zhao et. al., 2023). Whereas 

chlorophylls can be considering as indicator of plant’s quality, content of 

chlorophylls in plants indicates the nutritional value of them. Moreover, plants 

colour, is also an indicator of the vegetable pigment concentration (Ozola et al., 

2019). Plants which are growing in polluted environment have decreased content of 

chlorophylls and carotenoids, the structure of their chloroplast membranes are 

changed so that intensity of photosynthesis is decreased (Ozola et al., 2019). 

Researcher from Bulgaria accepted that for centuries, farmers have known the 

condition of their crops by their appearance and colour alone (Atanasov et al., 

2023).  

Modern greenhouse horticulture is characterized by high crop yields and a stable 

year-round supply of high-quality fruits and vegetables. This high crop output is 

often accompanied by the intensive use of biocides, inorganic fertilizers and 

soilless cultivation techniques (Vox et al., 2010).  In this context of sustainable 

vegetable production under cover, microalgae offer the potential to recover 

nutrients from the micro algal biomass as a slow release fertilizer (Coppens et al., 

2016). Microalgae can be used to enhance the nutritional value of food owing to 

their chemical composition, they play a crucial role in aquaculture. The microalgal 

biotechnology only really began to develop in the middle of the last century. 

Nowadays, there are numerous commercial applications of microalgae. Moreover, 

they are cultivated as a source of highly valuable molecules, for example, 

polyunsaturated fatty acid oils (Spolaore et al., 2006). In the word most 

commercially available algae preparations for agriculture are made from ocean-

https://pubs.rsc.org/en/results?searchtext=Author%3ATaylor%20D.%20Payne
https://molhort.biomedcentral.com/articles/10.1186/s43897-022-00023-2#auth-Tianhu-Sun-Aff1-Aff2
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grown and often (68%) wild harvested algae (macro algae). However, microalgae, 

unlike macro algae, are easier to grow in closed systems at different scales close to 

where algae products are used such as near farms. Therefore, over 50% of 

European algae producers grow microalgae, though mainly for food or food 

supplements (Kampuss et al., 2024).  

Future research should focus on the improvement of production systems and the 

genetic modification of microalgae strains. Microalgae products would in that way 

become even more diversified and economically competitive.  

The research aimed to the evaluation of some morphological and chemical 

parameters of tomato (cultivar ‘Belle’ F1, Enza Zaden) leaves under the treatment 

with different microalgae species: Spirulina, Dunaliella and Chlorella. 

 

MATERIAL AND METHODS 

In August 2023, tomato seedlings (cultivar ‘Belle’ F1, Enza Zaden) were planted in 

25 L pots, filled with peat (producer Laflora LTd., pHKCl 5.5) and grown in 

polycarbonate greenhouse of the laboratory of Horticulture and Beekeeping of the 

Latvia University of Life Sciences and Technologies. During experiment, plants 

were regularly watered and fertilized, phytosanitary measures were provided. 

Ventilation was carried out automatically, when the air temperature in the 

greenhouse exceeded +23 to +24 °C limit. Additional lighting was provided by 

high-pressure sodium lamps. Pruning of plants was made by traditional scheme. 

The plants were sprayed weekly (for a total of five times) with the solution of 

ethanol extractions of different microalgae species: Spirulina, Dunaliella and 

Chlorella, from 14
th
 August till 11

th
 September, till harvesting time. 

Determination of chlorophyll a, chlorophyll b and carotenoids. 

The homogenized samples were accurately weighted (0.5±0.0001 g) in a glass test 

tube, 10 mL of 95% ethanol was added and the test tubes were held for 15 min with 

occasional shaking at room temperature. The extracts were filtered (paper No. 89) 

and extraction process was done in triplicate. The obtained solution was analyzed 

for chlorophyll a (cCha), chlorophyll b (cChb) and total carotenoids (carotenes and 

xanthophylls) cc+x content by a spectrophotometer JENWAY 6300 at wavelengths 

470, 649 and 664 nm using a glass cuvette. The content of chlorophylls and total 

carotenoids were calculated according to the following equations (Sumanta et al., 

2014): 

Chlorophyll a (mg ml
-1

) cChla = 13.36A664 - 5.19A649    

 (1) 

Chlorophyll b (mg ml
-1

) cChla = 27.43A649 – 8.12A664   

 (2)  

Total chlorophylls (mg ml
-1

)ca+b = cChla + cChlb    

 (3) 

Ratio between chlorophyll a and b (Ra/b) = 
Chlb

Chla

c

c
    

 (4) 

https://www.sciencedirect.com/topics/immunology-and-microbiology/dna-modification
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Total carotenoids (mg ml
-1

)cc+x = 
209

63.9713.21000 470 ChlbChla ccA 
  

 (5) 

Results were expressed as mg g
-1

 of fresh plant material. 

Colour analysis.  

Colour of samples were measured in CIE L*a*b* colour system using a 

colorimeter ColorTec PCM (Accuracy Micro sensors Inc., USA). Before the 

measurement, the colorimeter was calibrated using a white reference tile and a light 

trap (black tile). Ten random leaves were measured and the mean values were 

reported for each sample. In colour measurement, CIE L*a*b* coordinates show 

the degree of brightness (L), the degree of redness (+a), or greenness (–a), and the 

degree of yellowness (+b), or blueness (–b), respectively (Tarhan et al., 2010). 

pH value measurements were determined by standard method LVS ISO 5542:2010 

using JENWAY 3520 pH Meter. 

Soluble solids (
o
Brix) were determined at 20±2 ° temperature with a digital 

refractometer by standard method ISO 2173:2003. 

Statistical analysis 

Analyze of variance were used for data statistical processing, whereas the 

significance of differences between mean values was evaluated with p-value. 

 

RESULTS AND DISCUSSION 

Modern agricultural farming requires precise, quick and non-destructive methods 

for detection of plant physiological parameters. One of the commonly used 

parameters is the chlorophyll content in plant leaves. Chlorophyll concentration 

varies in plant leaves depending on plant species background, environmental 

mineral elements content and different stress factors (Novac et al., 2022). The 

major chlorophylls in plants include chlorophyll a and chlorophyll b, which are 

usually present at a ratio of 3 (Straumite et al., 2015). Chlorophyll a and b differed 

between all the tested samples (Table 1). The highest content of chlorophyll a, 

chlorophyll b and total chlorophyll in the tomato leaves treated with 10% 

Dunaliella sp. extract was observed 12.15; 7.17 and 19.32 mg 100 g
-1

 

respectively as well as in the tomato leaves treated with 10% Spirulina sp. 

extract 11.10; 7.33 and 18.43 mg 100 g
-1

. In the tested tomato leaves a ratio 

between chlorophyll a and chlorophyll b ranged from 8.42 to 12.18, meaning that 

chlorophyll a is the main form of chlorophyll in the leaves. Chlorophyll, a 

materials base for photosynthesis, is most important photosynthetic pigment. The 

content of chlorophyll is one of main index reflecting leaf photosynthesis ability 

and plant health condition (Jiang et al., 2017). 
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Table 1. Chlorophyll a, chlorophyll b and carotenoids in tomato leaves. 

Plant material 

Total 

carotenoids, 

mg 100 g
-1

 

 

Chlorophyll a 

 

Chlorophyll 

b 

Total 

chlorophylls, 

mg 100 g
-1

 

Ratio between 

chlorophyll  

a and b 

Drinking water 4.10 9.49 5.10 14.59 11.39 

Control, ethanol, 2% 4.71 10.95 5.50 16.46 12.18 

Control, ethanol, 4% 3.90 9.01 4.95 13.96 11.30 

10% Spirulina sp. extract 4.43 11.10 7.33 18.43 9.60 

20% Spirulina sp. extract 3.94 9.89 6.89 16.77 9.07 

10% Dunaliella sp. extract 4.91 12.15 7.17 19.32 10.44 

20% Dunaliella sp. extract 3.41 8.59 4.94 13.53 11.22 

10% Chlorella sp. extract 3.32 9.13 6.73 15.86 8.42 

20% Chlorella sp. extract 4.02 9.81 6.70 16.51 9.20 

 

The  basic  pigments  of  green  plants  are  chlorophylls,  always  accompanied  by 

carotenoids. Carotenoid content differed between all the tested tomato leaves 

samples. In part of samples significantly higher (p < 0.05) concentration of 

carotenoids in the tomato leaves was observed for 10% Dunaliella sp. extract (4.91 

mg 100 g
-1

), control variant with ethanol, 2% (4.71mg 100 g
-1

) and 10% Spirulina 

sp. extract (4.43 mg 100 g
-1

) (Table 1). The decline in chlorophyll content under 

stress conditions could be due to impaired biosynthesis or accelerated pigment 

degradation. However, for all samples differences in total carotenoids content were 

not significant (p>0.05).  

Colour parameters of the tomato leaves samples presented not significant 

differences between brightness or L* values (p>0.05) (Table 2). However, plant 

material showed slightly lower indicators 32.92±1.80 for 10% Dunaliella sp. 

extract and 32.73±1.11 for control with ethanol, 2%, thereby tomato leaves are 

slightly darker (lower L* value) in turn tomato leaves treated with 10% Chlorella 

sp. extract is lighter 36.11±2.05 (higher L* value) (a* parameter is more negative). 

On the other hand, colour parameters of the tomato leaves samples presented the 

significant differences between a* and b* values (p<0.05). More green (a* 

parameter is more negative) -10.31±0.75 (20% Chlorella sp. extract) and -

10.03±0.82 (Control, ethanol, 4%) and significantly higher (p<0.05) numerical 

value of yellow color intensity (b*) 19.13±0.81 more yellow (higher value 

parameter b*) 20% Chlorella sp. extract compared to other samples.  

 

Table 2. Colour characteristics of the tomato leaves. 

Plant material  

Colour parameter values 

L* a* b* 

Drinking water 33.08±1.33a -9.35±0.52ab 15.23±0.57ab 

Control, ethanol, 2% 32.73±1.11a -9.10±0.64ab 14.42±0.58a 

Control, ethanol, 4% 35.06±2.03a -10.03±0.82a 17.40±0.71ab 

10% Spirulina sp. extract 33.19±1.35a -8.82±0.59ab 15.28±0.68ab 
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20% Spirulina sp. extract 33.42±1.49a -8.17±0.45b 13.94±0.54a 

10% Dunaliella sp. extract 32.92±1.80a -8.44±0.32b 13.99±0.54a 

20% Dunaliella sp. extract 33.75±1.08a -9.13±0.38ab 16.32±0.64ab 

10% Chlorella sp. extract 36.11±2.05a -9.70±0.43ab 18.38±0.72ab 

20% Chlorella sp. extract 35.98±2.12a -10.31±0.75a 19.13±0.81b 

*Values, marked with the same letter, are not significantly different (p>0.05). 

 
Total soluble solids (°Brix) data is represented in Figure 1. Soluble solids of 

tomato leaves were significantly affected by different microalgae species levels and 

their application of and their interaction was found significant effect. Maximum 

value of total soluble solids (10.27 °Brix) were found in tomato leaves treated with 

10% Dunaliella sp. extract, while minimum value of total soluble solids (5.73 and 

6.1 °Brix) was noted in 10% Chlorella sp. extract and control variant with ethanol, 

4%.  
 

 
 

Figure 1. Soluble solids content in tomato leaves. 
*Values, marked with the same letter, are not significantly different (p>0.05). 

 

Also, microalgae species 20% Spirulina sp. extract exhibited maximum value of 

total soluble solids (8.63 °Brix) compare as other tomato leave samples which 

exhibited minimum value of total soluble solids (from 7.07 to 8.53 °Brix) (Figure. 

1). The results of pH level performed on the fresh tomato leave samples 

formulation revealed that the pH ranged from 5.30 to 5.55.  The difference between 

the lowest and highest pH was not significant – just 0.25 units (p>0.05). 

The data in Table 3 regarding length and width (cm) of tomato leaf plate was 

significantly affected by extractions of different microalgae species and their 

interaction was found significant effect. The maximum value of length of tomato 

leaf plates (55.27 cm) was found in control plants with ethanol, 2%), while the 

minimum value of length of tomato leaf plate (45.75 cm) was noted in leaf plates 

treated with the 10% Spirulina sp. extract.  
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Table 3. Length and width of tomato leaf plate. 

Plant material Leaf length, cm  Leaf width, cm 

Drinking water 51.07 54.80 

Control, ethanol, 2% 55.27 60.27 

Control, ethanol, 4% 51.07 54.80 

10% Spirulina sp. extract 45.75 52.17 

20% Spirulina sp. extract 49.77 55.87 

10% Dunaliella sp. extract 51.70 58.30 

20% Dunaliella sp. extract 51.40 57.13 

10% Chlorella sp. extract 48.15 54.95 

20% Chlorella sp. extract 50.77 61.73 
Regarding extractions of different microalgae species foliar application, maximum 

value of tomato leaf plate`s width (60.27 cm) was noted in plants treated with 

control, with ethanol, 2%, while minimum value (52.17 cm) was found in plants 

treated with 10% Spirulina sp. extract and their interaction was found significant 

effect. 

 

CONCLUSIONS 

The beneficial effects obtained in this study demonstrate that microalgae extracts 

can be used for tomato cultivation. The obtained results showed that tomato leaves 

under the treatment with 10% Spirulina were shorter and narrower. Under the 

treatment with 10% Dunaliella as well as under 2% ethanol in control leaves were 

longer and wider, characterized with higher Brix, chlorophyll and carotenoids 

content, but decreased colour components of the L*, a*, b*. Despite the fact that 

tomato plants grew well and developed normally under all treatments, 10% 

Dunaliella extract is the most suitable for tomato leaves. Further research is needed 

to adjust treatment with microalgae extracts for tomato cultivation. The microalgal 

extracts increase some morphological and biochemical parameters of tomato leaves 

and it is possible that improve the quality of the fruits. 
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ABSTRACT 

To optimize cereal cultivation in the agro-systems of Fez-Meknes, Morocco, 

this study emphasizes the importance of soil texture and organic matter for 

cereal productivity, particularly in arid and semi-arid climates. The objective is 

to develop a comprehensive index based on five parameters of particle size 

properties (percentage of clay, fine silt, coarse silt, sand, and organic matter) to 

predict the yield potential of wheat (Triticum aestivum). Utilizing 298 

independent experimental sites in the agricultural region of Fez-Meknes, wheat 

yields were analyzed in relation to soil texture. The analysis involved a 

complete compositional simplex (S
5
), a log-centered transformation, and the 

calculation of five cumulative variance functions of the components, resulting 

in five cubic models. By identifying inflection points in these models linking 

cumulative functions to wheat yields, a critical yield of 24 quintals per hectare 

was determined, distinguishing between more and less productive wheat 

populations. The developed global particle size imbalance index, named 

r
2
granulo, exhibited a theoretical value of 3.1 and a value validated by the Cate-

Nelson partitioning method of 5.2. These results indicate that the r
2

granulo index 

can serve as a reliable indicator for evaluating soil suitability for cereal 

production in arid and semi-arid regions. An index value below 5.2 suggests 

favorable soil conditions for cereal cultivation. This index offers a practical 

tool for farmers and agronomists to optimize cereal yields by effectively 

assessing and managing soil properties. 

 

Keywords: Soil texture, compositional analysis, cereal soil, Simplex of 

composition, Morocco. 

 

INTRODUCTION 

In Morocco, approximately 69% of the national territory consists of agricultural 

land, although only 18% is arable. Cereals, mainly wheat and barley, dominate the 

national agriculture, covering 5.3 million hectares, representing 59% of the 

mailto:lotfi.khiari@fsaa.ulaval.ca
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country's 8.8 million hectares of cultivated land (Harbouze et al., 2019). Cereals 

are essential for the agricultural economy and fundamental in the diet of both rural 

and urban populations. Therefore, it is crucial to promote the sustainability of these 

agri-food systems by evaluating and improving soil quality. This concept, 

traditionally referred to as "soil quality," has evolved to include notions of "soil 

health" and "soil security." These contemporary terms reflect the soil's capacity to 

support food and fiber production while acting as a vital interface with the 

environment, ensuring its long-term functionality. Key indicators of this quality 

include soil texture and organic matter content, factors that directly influence other 

crucial properties for soil sustainability, health, and security (Lehmann et al., 

2020). Determining an organic component, represented by the percentage of 

organic matter (MO), and conducting a particle size analysis of the mineral fraction 

to identify four other components: clay (C), fine silt (FS), coarse silt (CS), and sand 

(S). Together, these elements constitute a complete compositional simplex S
5
 = 

{OM, C, FS, CS, S}. Treating these data as compositional data is crucial to avoid 

methodological biases. Indeed, these five interdependent components define the 

quality of soils. Any change in one proportion necessarily affects the others (Xu et 

al., 2017). 

This research aims to develop an indicator that encompasses these five components 

of the simplex S
5
 using unbiased compositional data analysis tools. The goal is to 

correlate this indicator with wheat yields in the Fez-Meknes region of Morocco, 

which is known for its cereal production. It is, therefore, hypothesized that the 

compositional transformation of the five components into a global index, noted 

r
2

granulo (Khiari et al. 2001), is relevant if this global index can be related to cereal 

yields. This r
2

granulo index could help the scoring process assess soil health and 

cereal suitability. 

 

MATERIALS AND METHODS 

Soil composite samples were collected from 298 locations, from the Fez-Meknes 

region located in northern Morocco, during the 2021/2022 autumn season. The 

sampling units within each plot were randomly selected. Soil samples were taken 

prior to plowing, reaching a depth of 30 cm for conventional tillage. These soil 

samples were air-dried after manually crushed and sieved through a 2 mm mesh. 

Organic C was determined by the Walkley-Black procedure (Nelson and Sommers, 

1982). Soil texture was determined by the hydrometer method (Day, 1965).  

The cutoff values for distinguishing between high and low yields populations 

were determined using the cumulative variance ratio functions F i
C
(VX) 

developed by Khiari et al. (2001a). A cubic adjustment was applied to model 

the evolution of these Fi
C
(VX) in relation to yields. These cubic models identify 

the inflection point, which serves as the cutoff yield separating the productive 

sub-population (Pop+) from the (Pop
-
), the less productive sub-population 

(Khiari et al., 2001a). The global and individual granulometric indices (including 

organic matter) were computed using the Excel package (Microsoft, 2013) based 

on the theory outlined below (Equs1–6). The critical thresholds for these 
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indices were determined using the Cate-Nelson binary partition method 

(Mathieu et al., 2003). This involved an iterative process to derive sums of 

square values across multiple divisions at different levels of the independent 

variable r
2
granulo. The critical r

2
granulo level corresponds to where the sum of squares 

reaches its maximum. At the same time, the dependent variable Y, is determined 

where the number of points in the error quadrants (false positive and false 

negative) is minimized. These binary partition calculations were conducted using R 

software (R 3.6.2) (Team, R.C, 2013). 

 

RATIONALE 

The organic and inorganic components and the size distribution of the 

inorganic particles in the soil constitute a complete compositional simplex, S
5
 = 

{OM, C, FS, CS, S}, as described by Aitchison (1982). This Simplex consists 

of five positive components OM> 0, C>0, FS> 0, CS> 0, S> 0), which together 

total 100%. This structure ensures that each component is proportionally 

represented, reflecting the comprehensive nature of the soil composition: 

 

OM+C+FS+CS+S=100%                                         (1)  

Where: 𝑂𝑀 represents the percentage of organic matter, 𝐶 represents the 

percentage of clay, 𝐹𝑆 represents the percentage of fine silt, 𝐶𝑆 represents the 

percentage of coarse silt, 𝑆 represents the percentage of sand. Each component is 

expressed as a percentage of the total soil composition. 

 

The particle size fractions become invariant on the scale when divided by their 

geometric mean (G) defined as follows (Eq. 2): 

 

G = [OM×C×FS×CS ×S]
1/5

                                                (2) 

VOM, VC, VFS, VCS, and VS are the log-centered ratios of these five particle size 

components on their geometric means, respectively (Eq. 3). 

𝑉𝑂𝑀 =
OM(%)

G
; 𝑉𝐶 =

C(%)

G
; 𝑉𝐿𝑆 =

LS(%)

G
; 𝑉𝐶𝑆 =

CS(%)

G
; 𝑉𝑆 =

S(%)

G
        

(3) 
By definition, the sum of the five particle size components is equal to 100% 

(Eq.1), and the sum of the log-centered ratios must be zero (Eq.4). 

VOM +VC + VFS + VCS + VS = 0                                (4) 

 

The first standards for particle size analysis with the aim of integrating them 

into a global index are the averages (V
*

OM, V
*

C, V
*

FS, V
*

CS, and V
*

S) and 

standard deviations (OM, C, FS, CS, and S) of the log-centered ratios of the 

five particle size components. The five log-centered ratios are normalized as 

follows: 
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𝐼𝑂𝑀 =
V𝑂𝑀−𝑉𝑂𝑀

∗

𝑂𝑀
; 𝐼𝐶 =

V𝐶−𝑉𝐶
∗

𝐶
; 𝐼𝐹𝑆 =

V𝐹𝑆−𝑉𝐹𝑆
∗

𝐹𝑆
; 𝐼𝐶𝑆 =

V𝐶𝑆−𝑉𝐶𝑆
∗

𝐶𝑆
; 𝐼𝑆 =

V𝑆−𝑉𝑆
∗

𝑆
      (5) 

 

Where IOM, IC, IFS, ICS, and IS are the particle size indices. 

The particle size indices defined by Eq.5 are standardized and linearized 

variables in a five-dimensional space (Aitchison, 1982). A diagnosed sample's 

single particle size imbalance index is the r
2
granulo calculated according to Eq.6. 

 

𝑟𝑔𝑟𝑎𝑛𝑢𝑙𝑜
2 =  𝐼𝑂𝑀

2 + 𝐼𝐶
2 + 𝐼𝐹𝑆

2 + 𝐼𝐶𝑆
2 + 𝐼𝑆

2         (6) 

 

The square sum of these five standardized and independent particle size 

indices provides a new variable that follows the chi-square (
2
) 

distribution law with 5 degrees of freedom (Ross, 1987). As described in 

Equations (5) and (6), the closer the particle size indices are to zero (as 

calculated by 𝑟𝑔𝑟𝑎𝑛𝑢𝑙𝑜
2  and the chi-square), the greater the likelihood of 

achieving a good yield. 
 

RESULTS AND DISCUSSION 

Step 1. Selection of Cutoff Yield 

The five cumulative variance ratio functions Fi
C
(VX), depending on the yields, all 

showed sigmoidal forms (Figure 1), which fit the cubic p o l y n o m i a l  m o d e l  

in a very highly significant way (p < 0.01) with a correlation coefficient R2 of 

0.99. The inflection points of these cubic equations, calculated using the 

formula −b/3a, range from 2 to 24 quintals per hectare. The highest yield of 24 

quintals per hectare is used to distinguish between the "pop
+
" sub-population 

(considered acceptable yields) and the "pop
-
" sub-population (considered less 

acceptable yields). This critical yield of 24 quintals per hectare is significantly 

higher than the national average of 15 quintals. Notably, wheat production in 

Morocco for the 2022/2023 agricultural season is estimated at 4.1 million tons. 

This figure represents a decrease of about 17% compared to the average of the 

last five years. Still, it is a significant increase of over 60% compared to the 

2022 production, which had been severely affected by drought, according to 

the FAO 2023. Morphological, physiological, and environmental factors all 

influence wheat production variability, both directly and indirectly. 
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Figure 1. Relationship between wheat yield (Y) and the cumulative 

variance ratio functions 𝐹𝑖
𝐶(𝑉𝑂𝑀), 𝐹𝑖

𝐶(𝑉𝐶), 𝐹𝑖
𝐶(𝑉𝐹𝑆),  𝐹𝑖

𝐶(𝑉𝐶𝑆), and 

𝐹𝑖
𝐶(𝑉𝑆) fitted with cubic models of the form: 𝐹𝑖

𝐶(𝑉𝑋) = aY
3
+bY

2
+cY+d. 

IP: inflection point. 𝐹𝑖
𝐶(𝑉𝑋): cumulative variance ratio function. 

 
In this study, out of 298 specimens analyzed, 91 specimens originated from 

fields with an acceptable yield of 24 quintals per hectare or more. This 

significant representation underscores the correlation between yield outcomes 

and the quality of the environmental and genetic factors. 

 

Step 2. A theoretical, critical value of the particle size imbalance index 
The analysis of the total population of 298 specimens reveals that 91 specimens 

exceed the yield threshold of 24 quintals per hectare. At the same time, 207 falls 

below, as established in the first phase of this diagnostic system (Figure 1). 

Consequently, the proportion of yields considered less acceptable (pop-) is 69% 

(207/298). According to the Chi-square statistical table or Figure 2, this 

distribution corresponds to a theoretical critical value 3.1. This figure represents 

the theoretical maximum of the global particle size index beyond which soils are 

deemed unsuitable for cereal cultivation because it predicts a yield categorized in 

the less productive sub-population, pop-. This theoretical value needs validation to 

diagnose the cereal-growing potential of soils based on their organic matter content 

and proportions of clay, fine silt, coarse silt, and sand. Integrating these textural 

and organic components into a single global index (Eq. 7) could be relevant for 

diagnosing soil suitability for cereal cultivation, especially if this index correlates 

with actual yields obtained. 
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Figure 2. Cumulative Chi-Square distribution function for determining the 

critical theoretical value of the global particle size indicator with 5 degrees of 

freedom. 

 

Step 3. Validation of the Threshold Particle Size Imbalance Index 
This step involves establishing granulometric composition standards (Table 1) 

by first calculating the average centered logarithmic values for the 91 

productive sub-population (pop+) specimens with 24 quintals per hectare or 

higher yields. Subsequently, the standard deviations of these same centered 

logarithmic values are determined, but this time considering the entire sampled 

population of 298 specimens. This approach helps to understand the variations 

in granulometric composition in relation to observed productivity. 

 

Table 1: Granulometric compositional norms: means and standard 

deviations of centered logarithmic values of organic matter (V
*
OM), Clay 

(V
*
C), fine silt (V

*
FS), coarse silt (V

*
CS), and sand (V

*
S). 

 

V
*
OM V

*
C V

*
FS V

*
CS V

*
FS 

Mean - 1.661 1.152 0.285 - 0.224 0.447 

Standard deviation () 0.266 0.676 0.284 0.273 0.803 

 
Figure 3 illustrates a noticeable downward trend in wheat yield based on the 

global granulometric index, r
2

granulo (Figure 3a). The Cate-Nelson method 

enabled partitioning the pop+ and pop- subpopulations using two distinct 

critical thresholds: 27 quintals per hectare yield and an r
2

granulo index of 5.2 

(Figure 3). These thresholds differ from the theoretical critical values 

previously identified, namely a yield of 24 quintals per hectare (Figure 1) and 

an r
2

granulo index of 3.1 (Figure 2). The partitioning by the Cate-Nelson method 
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proved to be more selective regarding yield and less selective concerning the 

r
2
granulo index. The critical values of the r

2
granulo index, which distinguish a 

balanced granulometric composition suitable for cereal cultivation from an 

unbalanced composition unsuitable for cereals, are set at 3.1 based on the 

theoretical foundations of this compositional approach as detailed by Khiari et 

al. (2001a, b), and at 5.2 when this index is actually measured. Based on these 

two critical thresholds, we can classify the areas studied in the Fez-Meknes 

region of Morocco into three groups: (i) a category with a very balanced 

texture and particularly conducive to cereals, characterized by an r
2

granulo index 

less than 3.1, typically associated with good physical fertility and acceptable 

yields; (ii) a category with a balanced texture where the r
2

granulo index ranges 

between 3.1 and 5.2; and (iii) a category with an unbalanced texture, where the 

r
2
granulo index exceeds 5.2, indicating poor physical fertility and a granulometry 

inappropriate for cereals, leading to low yields. Among the five performance 

metrics of the Cate-Nelson partition — robustness, specificity, sensitivity, 

Negative Predictive Values (NPV), and Positive Predictive Values (PPV) — 

only the NPVs demonstrated a satisfactory reliability level of 76%. This ratio 

[TN/(TN + FN)] represents the likelihood that a wheat field is unsuitable for 

soil with an unbalanced texture when the r
2
granulo index exceeds 5.2. Thus, for 

r
2
granulo values in group iii (above 5.2), only one error was made for every 

four diagnoses. This result encourages the exclusion of soils unsuitable for 

wheat cultivation based on their granulometric and organic 

composition.However, for groups (i) and (ii), with r
2
granulo indices below 3.1 

and 5.2, the diagnostic based on a balanced granulometric composition is not as 

reliable. The probabilities associated with specificity, sensitivity, PPV, and 

robustness are below 50%. On the other hand, as the NPV approaches closer to 

100% and moves away from 0%, it effectively discriminates between soils 

suitable and less suitable for cereal cultivation. In other words, the diagnostic 

based on this global granulometric index is only effective when values exceed 

the critical threshold of 5.2. 
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Figure 3. Binary partitioning results according to the Cate-Nelson method for 

wheat yield based on the global granulometric index r
2
granulo, showing (a) the 

distribution of points and identification of two thresholds for yield and r
2

granulo; 

(b) the variation in the number of points outside the model for determining the 

limit yield; (c) the sum of squares for determining the r
2

granulo limit; and (d) a 

summary table (bottom left); performance indicators of the partition model 

include specificity, sensitivity, accuracy, negative predictive value (NPV), and 

positive predictive value (PPV). Moreover and according to Šimundic (2009), 

the NPV is considered a good criterion for discrimination because it falls 

between 70 and 80%, in a diagnostic performance system that rates results as 

excellent, very good, good, sufficient, poor, and useless, respectively in the 

following probability ranges: [90-100%], [80-90%], [70-80%], [60-70%], [50-

60%], and [0-50%]. 

 

CONCLUSIONS 

Determining soil quality in Morocco for appropriate crop allocation is crucial for 

optimizing agricultural productivity in a sustainable manner. The most commonly 

referenced soil quality indicators in international literature are particle size 

composition and organic matter content. These components form a complete 

compositional simplex S
5
 = {OM, clay, fine silt, coarse silt, sand}, leading to the 

global granulometric index r
2
granulo. This index defines soil quality and shows a 

correlation with wheat yields. This study has developed an effective diagnostic 

system for identifying Fez-Meknes wheat fields unsuitable for cultivation when the 

r
2
granulo index exceeds 5.2. This outcome, demonstrating the discrimination of soils 

unsuitable for cereal cultivation with a diagnostic performance of 76% based on 

their granulometric and organic composition, is promising for establishing tailored 

strategies based on the global r
2
granulo index of soils. 
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ABSTRACT 

Small and medium-sized enterprises (SMEs) play a crucial role in the Lebanese 

economy, contributing to innovation, job creation, and economic growth. They are 

essential in diversifying industries and bolstering the country’s economy. This 

study focuses on the microenterprise landscape within the Lebanese agri-food 

sector, specifically targeting SMEs in the Mount Lebanon region. It identifies the 

main challenges faced by SMEs in the region and explores how agri-food 

entrepreneurs address and manage them. The research utilized a blend of 

qualitative and quantitative methodologies, including interviews with 32 agri-food 

entrepreneurs in Mount Lebanon, selected based on specific criteria. Data 

collection took place from November 2023 to January 2024. Descriptive statistics, 

correlation and regression techniques were applied to the collected data. The 

identified challenges faced by SMEs included brain drain, limited access to raw 

materials, energy shortages, high operational costs, financial constraints, and 

declining consumer purchasing power. High energy costs emerged as the most 

significant challenge for SMEs, followed by financial constraints, energy 

shortages, and consumer purchasing power. Additionally, the results showed a 

statistically significant relationship between the entrepreneur's level of education 

and high energy costs, as well as between the type of enterprise and consumer 

purchasing power. These findings carry significant implications for industry 

professionals, business incubators and accelerators, non-governmental 

organizations, and other stakeholders, underscoring the importance of supporting 

Lebanese SMEs in enhancing their resilience amidst multifaceted uncertainties and 

crises. 

 

Keywords: Agri-food industry, Entrepreneurship, Near East, Resilience, 

SMEs. 
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INTRODUCTION 

In different regions around the world, agri-food industries have become important 

catalysts for both economic progress and sustainable development (Karwacka et 

al., 2020). The agri-food sector plays a significant role in the local economy of 

Lebanon, with the majority of industrial establishments being agri-food 

enterprises. These businesses account for 26% of all enterprises and contribute 

2.9% to the country's Gross Domestic Product (GDP) (IDAL, 2020). 

Despite their important role, agri-food industries and entrepreneurs 

encounter obstacles such as the impact of climate change (Gitz et al., 2016), 

limited resources (Ghayad et al., 2022), market volatility (Borsellino et al., 

2020), evolving consumer preferences (Faour-Klingbeil et al., 2021), 

political instability (International Labour Organization, 2022), inadequate 

infrastructure (Al Shaher & Zreik, 2022), and brain drain (Halawi, 

2022). This scenario may impede their growth and sustainability, affecting 

rural development, food safety, and the overall economic situation. 

The potential of Lebanese agri-food entrepreneurs has not been fully 

explored, despite the rapidly emerging challenges and crises in 

Lebanon. Entrepreneurs are working hard to overcome these unfavorable 

circumstances, with some demonstrating quick adaptation to new scenarios 

due to their entrepreneurial resilience and support from various Non-

Governmental Organizations (NGOs) or business incubators (Matar, 

2023). On the other hand, some entrepreneurs face difficulties in emerging 

or recovering from disruptions, leading to social and economic losses 

(Maddah, 2022). 

In this setting, the goals of this research are as follows: 
1. To recognize and comprehend the difficulties and barriers (such as technical 

and financial obstacles) encountered by agri-food entrepreneurs in Mount 

Lebanon. 

2. To pinpoint the approaches employed by agri-food entrepreneurs to develop 

resilience. This entails evaluating their preparedness to anticipate or confront 

crises, their ability to adjust to evolving circumstances, and their reaction to 

these crises and disruptions. 

 

MATERIALS AND METHODS 

Study area 

The main hubs of social, economic, political, and cultural activities in Lebanon are 

the governorates of Beirut and Mount Lebanon. Beirut is predominantly urban, 

while Mount Lebanon comprises both urban and rural regions, making it a 

strategically preferable option for this research over Beirut. Furthermore, according 

to Nakat et al. (2023), 48% of agri-food businesses are located in the Mount 

Lebanon Governorate. 

The international organizations providing grants often perceive the Mount Lebanon 

Governorate as more prosperous, resulting in an unequal distribution of funds, 
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donations, and aid away from this region. Therefore, it was crucial to choose this 

governorate and emphasize the considerable needs and challenges faced by 

entrepreneurs in this area and to show that it also necessitates assistance and 

support. The location of the Mount Lebanon governorate on the Lebanese map, 

along with the six distinct districts in the study area - 

Jbail/Jbeil, Kesrouan/Keserwan, EL Metn/Matn, Baabda, Aley, and Chouf districts 

- is depicted in Figure 1. Jbeil, Keserwan, and Matn make up the northern section 

of Mount Lebanon, while Baabda, Aley, and Chouf constitute the southern section. 

 

Figure 1. Location of the study districts in Lebanon. 
Source: Adapted from CometoLebanon (2024) 

 

Research design 

To meet the needs of this study, both qualitative and quantitative research methods 

were employed. Qualitative research involved interviewing key stakeholders, while 

quantitative research involved gathering measurable data from agri-food 

entrepreneurs in the Mount Lebanon region through thoughtfully crafted surveys 

that explored the challenges faced by these SMEs after the 2019 crisis, as well as 

their approaches to addressing these challenges. The survey questionnaire was 

adapted from other studies led by Murimi et al. (2019), Attieh (2022), and 

Alshebami (2023), and was customized to suit both the Lebanese context and the 

research goals. To maintain ethical data collection, the survey included a section 

outlining the research objectives, data protection protocol, confidentiality, and 

voluntary participation. 

Sampling 

The study focused on agri-food entrepreneurs located in the Mount Lebanon 

governorate. A comprehensive list of agri-food SMEs in Mount Lebanon was 

compiled using various sources, such as contacts with business incubators, online 

research, internships at Fair Trade Lebanon NGO, participation in entrepreneurial 
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development events, and engagement in local markets. The criteria for including 

SMEs in the study were: agri-food Lebanese entrepreneur, located in Mount 

Lebanon, and operating for a minimum of 2 years. The enterprise should have a 

turnover of $500,000/year or less, with a maximum of 50 employees.  

Based on the above-mentioned criteria, 32 SMEs were selected from the initial list 

and contacted.  

Data entry and analysis 

Upon collection of the data, the survey responses were analyzed using SPSS 

software version 29.0. Each response received a numerical value and scale, which 

were then processed using the software. Descriptive statistics and correlation were 

employed to establish connections between the factors of interest and the 

challenges encountered by SMEs, considering statistical significance at 5 %. 

The reliability of the questionnaire was assessed using the Cronbach alpha test to 

produce scores. Additionally, the association between the socio-demographic 

factors and each of the challenges faced by SMEs was evaluated using the Chi-

square test. When more than 20% of cells had anticipated frequencies < 5, Fisher's 

exact test was used in the results because the approximation approach was 

inadequate (Kim, 2017). 

 

RESULTS AND DISCUSSION 

Descriptive statistics 

Socio-demographic characteristics of the participants 

The participants' demographic profile displayed an equal distribution between 

genders. A significant proportion of the entrepreneurs are aged over 35, with 

40.6% being over 45. This demographic is representative of the industry's 

knowledge and education, which contributes to the development of new ideas and 

thoughtful decision-making. The majority of SMEs specialize in processed foods, 

beverages, and dairy products. The northern Mount Lebanon region is home to 

81.3% of SMEs, with 40.6% of firms having 1-5 employees and 37.5% having 6-

10 workers. 

SMEs have operated for at least five years, indicating stability and expertise within 

the industry. Despite varying levels of income, the majority of SMEs in the 

agricultural and food sector generate annual revenues ranging from $20,000 to 

$99,000, highlighting the financial diversity, market reach, and different levels of 

achievement across these businesses. 

 

Challenges faced by the SMEs 

Agri-food SMEs in Lebanon face significant obstacles, notably energy shortages as 

shown in Figure 2, coupled with the high cost of energy sources depicted in Figure 

3. A majority of the SMEs (59%) reported a substantial impact on their business 

operations due to energy shortages, while 85% expressed that high energy costs 

have significantly affected their business. A report from the International Labor 

Organization (ILO, 2022) highlighted that the agri-food sector in Lebanon is facing 

immense challenges due to electricity cuts and the loss of refrigeration for food, 
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increasing the risk of food spoilage and diminishing the quality and shelf-life of 

food products. The breakdown of infrastructure poses a severe threat to the ability 

of small businesses and start-ups to navigate and overcome these challenges. 

 

 
 

Figure 1. Impact of energy shortage Figure 2. Impact of high energy cost. 

 
Moreover, SMEs encountered significant obstacles such as limited financial 

resources (Figure 4) and a reduction in consumer purchasing power (Figure 

5).  81% of the SMEs surveyed reported a substantial or significant impact on their 

businesses due to financial constraints. It is evident that SMEs rely on consumer 

purchasing power, with 53% stating that the decrease in the latter had a noteworthy 

impact on their activities. Furthermore, a study conducted by Expertise France 

(2021) highlighted that access to funding continues to be a major challenge for 

female entrepreneurs in Lebanon, along with hyperinflation, fluctuations in the 

Lebanese currency, and declining customer buying power. 

 

 
 

Figure 4. Impact of the lack of financial 

resources on SMEs. 

Figure 5. Impact of the purchasing 

power on SMEs. 

 

It is noteworthy that despite the current crisis in Lebanon causing a loss of skilled 

workers and brain drain (ILO, 2022), a majority of SMEs (59%) indicated that this 

problem did not significantly affect their operations. Despite the economic crisis, 

the Lebanese agri-food sector remains appealing, particularly for young individuals 

who are returning to farming and engaging in agri-food activities (ILO, 

2022). Lastly, the impact of shortages or high prices of imported raw materials was 

minimal, with only 22% of SMEs reporting a moderate or significant effect on their 

businesses. 
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Readiness of SMEs for future crises 

The survey aimed to understand the challenges encountered by entrepreneurs 

during times of crisis and their strategies for addressing them. Based on their 

feedback, entrepreneurs have made significant changes to their business models 

and strategies in response to crises. These strategies included introducing new 

product lines, implementing delivery services, and adjusting manufacturing and 

distribution systems. Entrepreneurs have emphasized the importance of creativity, 

resource efficiency, and adaptability in overcoming crises.  

In order to alleviate the emotional impact of the crisis, entrepreneurs have 

implemented strategies such as seeking support from family members, fostering a 

supportive work environment, making facility and salary adjustments, setting clear 

objectives, managing expectations, seeking guidance through prayer and faith, and 

prioritizing critical enterprise tasks. 

Some business owners expressed concerns regarding the potential effects of crises 

related to political instability and security issues, while others expressed 

confidence in their capacity to overcome hurdles. They highlighted the importance 

of some personal traits such as adaptability, knowledge, and innovation in 

maintaining resilience.  

Many entrepreneurs intend to broaden their revenue streams by diversifying their 

product offerings, enhancing marketing strategies and distribution channels, and 

extending their market presence both domestically and internationally. They 

identified various stakeholders, including investors, non-governmental 

organizations, and financial institutions, whose support would be crucial in 

enhancing their resilience to future challenges. The needed support covers a wide 

range of areas, including technical expertise, financial assistance, business 

planning, marketing strategies, and expansion into new markets. 

 

Correlation between socio-demographic factors and the faced challenges 

Age 

Entrepreneurs of different ages faced similar challenges, showing a consistent level 

of resilience across age groups. However, a closer examination uncovered 

interesting patterns. Individuals aged 45 and above reported more significant 

impacts, particularly in terms of brain drain and employee turnover (30.8%) as well 

as difficulties related to energy shortages (76.9%). Conversely, younger 

entrepreneurs encountered challenges related to obtaining raw materials (26.3%), 

high energy costs (100%), limited financial resources (89.5%), and reduced 

consumer purchasing power (84.2%). This suggests a dynamic interaction between 

experience and adaptability, with older entrepreneurs relying on established 

networks and knowledge, while younger ones using agility and creativity to 

navigate uncertainty. 

Gender 

Gender-specific analyses revealed noticeable disparities without being statistically 

significant. Significant challenges are faced by female entrepreneurs and managers 

due to shortages of raw materials (37.5%), scarcity of energy (75%), high energy 
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expenses (100%), and limited consumer purchasing power (81.3%), which could 

present obstacles in securing financing and establishing supply chain networks. In 

contrast, male owners and managers encounter substantial difficulties related to 

brain drain and staff attrition (25%), as well as inadequate financial resources 

(87.5%). 

 

Education level 

The results showed that individuals with a high school diploma or less, experienced 

significant impacts from high energy costs and limited financial resources, 

affecting 75% of them. They also faced some impact from energy 

scarcity. Individuals with a bachelor's degree encountered challenges related to 

high energy costs, limited financial resources, and reduced consumer purchasing 

power.  

While the majority of associations are not statistically significant, the level of 

education had a notable impact on issues such as energy scarcity, high energy 

costs, limited financial resources, and, most importantly, a decline in consumer 

purchasing power. 

Analyses showed a statistically notable correlation (p <0.05) between the education 

level and the consumer purchasing power. Higher levels of education have a more 

pronounced influence on consumer buying capacity. Consequently, it can be 

inferred that entrepreneurs with extensive education often tailor their products to 

appeal to customers with significant purchasing power. 

Higher levels of education among business owners are often associated with an 

increase in consumer purchasing ability, as customers may be willing to pay more 

for creative or high-quality goods. However, it is crucial to acknowledge that this 

correlation can be impacted by factors like market conditions, consumer 

preferences, and the overall economic climate. Instead of assuming that consumer 

purchasing power decreases as business owners' education levels rise, it is more 

probable that shifts in consumer preferences and spending patterns will be 

influenced by the introduction of innovative or superior products. 

Type of enterprise 

SMEs encounter various obstacles such as limited financial resources, energy 

scarcity, high energy expenses, and a decrease in consumer buying power. Upon 

careful examination of the data, it was noteworthy that high energy costs were 

significantly prevalent  (p=0.05) among different types of organizations.  This 

emphasizes the substantial impact of energy expenses on the operational dynamics 

and profitability of enterprises in the studied sectors.  This obstacle should be 

tackled through effective resource management, the formulation of efficiency 

strategies, and the exploration of alternative energy sources or cost-saving 

measures to alleviate its adverse effects. 

Number of years in operation 

Though there was no significant difference (p>0.05), it was observed that younger 

SMEs experienced lesser impact, indicating their higher adaptability and agility 

compared to more established businesses. However, new companies encountered 
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more difficulties related to consumer buying power (85.7%), likely due to concerns 

about entering the market, as well as shortages or rising costs of raw materials 

(28.6%), as opposed to older SMEs. These results highlight the necessity of 

combining expertise with innovation, agility, and responsiveness to market changes 

to ensure sustained long-term growth. 

Entrepreneurs, especially those running businesses for less than five years, have 

highlighted that the emergence of new SMEs during the recent crises (since 2019) 

is impacted by different elements including necessity, recognizing prospects, 

pursuing independence, strength, broadening revenue streams, and decreasing 

dependence on traditional jobs. 

From the outset, integrating innovative business models has empowered these 

emerging entrepreneurs to operate more efficiently and adapt quickly to market 

changes. Furthermore, the hardships faced in Lebanon's economic and political 

landscape since 2019 have equipped them to put in place strategies to minimize 

risks and overcome challenges more effectively. In addition, the entrepreneurial 

mindset of these new SMEs, characterized by resilience and a willingness to 

experiment, has contributed to their capacity to prosper during adversity, 

recognizing crises as opportunities for expansion. Lastly, the impact on fledgling 

small businesses is less significant compared to larger, more established enterprises 

with greater responsibilities and longevity. 

 

CONCLUSIONS  

The research provides insights into the capacity of SMEs in the agricultural and 

food industry in Mount Lebanon to cope with economic and social difficulties, 

particularly during recent crises.   

SMEs in Lebanon face a significant hurdle due to the escalating energy expenses 

and shortage. SMEs can alleviate the impact of soaring energy costs by exploring 

alternative energy sources and adopting energy-efficient technologies such as solar 

panels. NGOs can assist SMEs by devising energy-saving initiatives specifically 

tailored to their requirements, offering technical assistance, training, and access to 

energy-efficient solutions to lower operational expenses. SMEs often encounter 

limited financial resources, which is a commonly experienced hurdle for 

entrepreneurs aiming to expand their businesses. Entrepreneurs can tackle this 

challenge by exploring alternative funding avenues like crowdfunding, venture 

capital, or angel investors. Local banks can also play a vital role in assisting SMEs 

by providing them with advantageous loan terms and interest rates to spur 

economic growth. Moreover, businesses can address the impact of decreasing 

purchasing power on SMEs by implementing strategies such as diversifying their 

product offerings, providing discounts or promotions, and targeting niche markets 

with higher purchasing power to maintain their operations in the face of 

challenging economic conditions. 

Considering the current difficulties faced by Lebanon's agri-food sector, the 

proposed strategies seek to tackle urgent issues and take advantage of emerging 

opportunities. For example, concentrating on providing support to young SMEs 
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and home-based businesses is in line with the objective of nurturing 

entrepreneurship and generating employment prospects, particularly during periods 

of economic hardship and social instability. Initiatives that aid women-led 

enterprises and artisanal production can give a voice to marginalized communities 

while encouraging comprehensive economic development. Moreover, delivering 

customized coaching and training initiatives to tackle Lebanon's specific 

challenges, including crisis management, financial control, e-commerce, and 

market fluctuations, can enable entrepreneurs to cultivate resilience and 

adaptability in volatile environments. Integrating export planning and market 

insights is vital considering Lebanon's dependence on exports and the necessity to 

diversify market destinations in uncertain global conditions. 
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ABSTRACT 

Conventional pest control methods pose a damaging effect on farmland ecology, 

mainly by the long-term use of synthetic pesticides, which lead to the decrease of 

agrobiodiversity. Additionally, soil as a main habitat and natural resource on which 

flora and arthropod communities depend on, should be better managed to regulate 

agrobiodiversity loss. Agroecological and organic farming methods are proved to 

deliver a positive regenerative impact on ground-dwelling arthropods and 

groundcover flora. Specifically, ants play an important role in ecosystem 

functioning by maintaining or even restoring soil quality, as well as delivering pest 

control services. Similarly, groundcover flora while hosting beneficial insects, also 

contributes to soil structure maintenance, mitigating soil erosion in inclined 

terrains. In this case study, for assessing the impact of farming systems on 

vegetative groundcover and ant assemblages’ abundance, an experiment was 

installed in two different olive groves (organic and conventional) at Messinia 

region in Peloponnese, a main olive production area of Greece. The survey took 

place during spring and autumn of 2023, in five replicated sampling procedures. 

The ant communities were taxonomized to a genera level and the groundcover flora 

density and abundance was assessed to species level. The monitoring results 

indicated that the highest abundance regarding both ant assemblages and 

groundcover flora were found in the organic olive grove during the whole duration 

of the sampling. Ant richness between genera was also significantly higher in the 

organic compared to the traditional olive grove. Consequently, the findings of the 

in-situ experimentation indicate the importance of integrating organic methods to 

soil management models for increasing soil health at farm level, especially with 

regards to agrobiodiversity.  

 

Keywords: Agrobiodiversity, Agroecology, Olive, Soil health, 

Sustainability. 
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INTRODUCTION 

Land desertification in the Mediterranean basin is becoming increasingly 

pronounced due to climate change and continuous pressures on agricultural and 

forest land (Yadav et al., 2016). Intensive agricultural production systems are 

severely affecting biodiversity, since such practices are heavily dependent on 

chemical fertilizers and large machinery use, creating ecologically artificial and 

genetically homogenous systems that often present a high vulnerability to pests. On 

the contrary, a rich biodiversity can contribute to more ecologically resilient 

agricultural ecosystem because of the complex biological interactions (Altieri, 

1995).  

Olive groves have been the main agricultural land use in Mediterranean for 

centuries. Though, its cultivation has changed significantly from the mid-20th 

Century onward, after the EU Common Agricultural Policy’s subsidies that 

prompted more intensified farming practices such as frequent mechanization and 

unrestrained chemical inputs (Martinez-Ballesta et al., 2008). Olive groves slowly 

tuned into a vast monoculture rather than the previous multifunctional, mosaic-like 

cultural landscape. This phenomenon has had several impacts on biodiversity and 

the ecological processes, generating significant environmental damage such as soil 

erosion and loss of natural habitat refuges (Coq-Huelva et al., 2012).  

Meanwhile, nowadays soil conservation and organic farming are currently being 

fostered by the EU policies and organic olive farming is gaining increasing 

attention, subsequent to an increase in consumer demand for organic olive oil. 

Additionally to the health benefits, organic farming could preserve a diverse 

ground cover flora that can enhance soil physical structure (Garcia-Díaz et al., 

2018), elevating soil organic carbon and thus improving land productivity. 

Moreover, a diversified vegetative cover contributes to soil nutrient cycling by 

maintaining soil microbial diversity and enzyme activity (Saleem et al., 2020). 

Especially in inclined orchards, ground cover significantly reduces soil loss, runoff 

and thus nutrient loss (Garcia-Díaz et al., 2018). On top of their soil-improving 

functions, wild plants may play an important role in integrated pest management in 

olive orchards, influencing insect pest populations by providing critical food or 

habitat resources to their natural enemies (Bugg and Waddington, 1994). 

Besides pest control, ground dwelling arthropod communities are beneficial to soil 

health contributing to various ecosystem functions, like the shredding of organic 

matter, mineralization of plant nutrients; stimulating bacteria and fungi, and 

burrowing. The burrowing by arthropods, particularly the subterranean network of 

tunnels and galleries that comprise ant nests, improves soil porosity to provide 

adequate aeration and water-holding capacity below ground, facilitate root 

penetration, and prevent surface crusting and erosion of topsoil. that improves 

water infiltration (Culliney, T. W., 2013; Caon and Vargas, 2017).  

Composition and structure of the arthropod soil fauna within the olive groves can 

be rich and diverse, composed by arachnids, chilopods and insects (Gkisakis et al, 

2016). Among other groups, some of ant species have been referred as having 

importance in the suppression of the olive fruit fly, especially in its pupal stage. In 
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fact, ants as generalist predators can be more efficient in biological control of pests 

than specialist natural enemies (Stiling and Cornelissen, 2005). In a related 

research of Dinis et al. (2016), the main predators the olive fruit fly pupae in 

Mediterranean olive groves were ant species from the genera Aphaenogaster, 

Camponotus, Cardiocondyla, Crematogaster, Formica, Lasius, Plagiolepis, 

Tapinoma and Tetramorium.  

Additionally, ants have been widely used as indicators for assessing the impacts of 

different soil management practices, considering their great biomass (Cotes et al., 

2010). 

In the present study, we explore the effects of different olive grove management 

practices on the functional diversity of ground cover vegetation and ant 

assemblages. This way we could conclude into a firm indicator of the 

agroecosystem’s health, regarding both soil functionality and the overall 

agrobiodiversity. 

 

MATERIALS AND METHODS 

The study sites were located in south Greece, Messinia region, Peloponnese. The 

area is characterized by a continental Mediterranean climate, with a mean annual 

precipitation of approximately 700 mm and a mean annual temperature of 16 °C.  

We selected 2 olive groves in the study area considering two management regimes: 

(i) organic; applying soil management such as mowing and use organic fertilizers; 

and (ii) conventional, applying herbicides and synthetic fertilizers. To avoid other 

factors that might influence flora and ant diversity,  in both the sampled olive 

groves was similarly aged trees of the Koroneiki variety with a planting pattern of 

8 × 8 m. In addition, only rain-fed plots were selected, the most widespread 

condition in the study area. In each of the referred olive grove plots, five 

monitoring stations per hectare were selected for groundcover assessment and 

another three stations for ant assemblages, following a complete randomized 

design approach. Ant monitoring took place in each plot from within 5 weeks, from 

the end of April to the end of May 2023, with a sampling frequency once per week, 

to consider the weather variation and hibernation of some species. To measure the 

abundance of ant assemblages a pitfall trap was placed in each of the three 

monitoring stations per grove, where the ant individuals present in each trap was 

selected and collected in order to be later taxonomised up to morphospecies level. 

The individuals were identified by their collectors and the sample systematization 

was realized based on the morphospecies and grove of collection. Data from the 

three traps of each plot were pooled and genus richness was calculated as the total 

number of genera found per ha.  The identification of main flora species was 

performed following the quadrat method, evaluating species richness, as well as the 

total abundance of the vegetative groundcover; defined as the total number of 

individual plants present. Additionally, the total groundcover percentage was 

assessed using quadrats while measuring the amount of covered to bare soil. 

Aboveground plant biomass was measured in three monitoring stations per olive 

grove during the period between April and May. 
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RESULTS AND DISCUSSION 

Ant assemblages biodiversity 

Families and genera found 

A total number of 1081 individuals belonging to the family Formicinae were 

captured during 2023, divided into three subfamilies: Myrmicinae; Formicinae; and 

Dolihoderinae, including 10 different genera (Table 1). The genera present were 

the same in both systems, although the relative abundance showed significant 

differences. As the most abundant subfamily, it was found to be Myrmicinae 

(84.64 %), followed by Formicinae (11.1%) and Dolihoderinae (4.2 %). These 

results are similar to previous studies in terms of the most abundant Formicidae 

subfamilies in the olive agroecosystems (Campos et al., 2011; Hevia et al., 2019). 

In addition, Myrmicinae was the most diverse subfamily, where the most dominant 

genera by far was Messor which accounted for 88.34% of the total catches, 

followed by Aphaenogaster (10.78%). Crematoghaster was found to be the most 

abundant genera of the subfamily Formicinae and Tapinoma spp. was the only 

genus found of the subfamily Dolichoderinae.  

Effect of management system on ant abundance and population dynamics 

Regarding the diversity measures, the Shannon index indicated a higher diversity in 

organic rather than the conventional orchards, with significant differences between 

treatments (Table 1), (post-hoc Tukey’s test; P < 0.05). A total of 949 individuals 

was recorded in the organic orchard and 132 individuals at the conventional one. 

This is probably attributed to the major effects of habitat disturbance of the 

conventional practices, influencing food supplies and nesting (Andersen et al., 

2002).  

The subfamilies present were the same in both systems, although the relative 

abundances were different. For example, the subfamily Myrmicinae had 15 times 

more captures in the organic than the conventional grove while the Dolichoderinae 

was threefold. On the contrary, Formicinae was more abundant in the conventional 

orchard.  

 The six genera of the subfamily Myrmicinae responded similarly to the different 

systems, with Plagiolepis being an exception. Specifically, captures of Messor and 

Pheidole, were grater in organic by 449 and 157 individuals, respectively, while 

those of the other three genera, Aphaenogaster, Tetramorium and Crematogaster 

were greater by 96, 74 and 33 individuals, respectively (Table 1). 

Concerning the Formicinae subfamily, the two genera recorded in this study were 

favored by the conventional system and possibly by the removal of ground cover, 

as the number of the Cataglyphis individuals captured was 1.25 times more than in 

organic and of the Lepisiota eight times more (Figure 1). These results are 

complying with the ones that Campos et al., 2011, present in their research on the 

effect of ground cover on ant assemblages in olive orchards. Despite the fact that 

individuals of Campanotus were absent in the conventional orchard, it is difficult to 

determine the effect of the management system on Campanotus spp. as very few 

individuals were captured in general. 
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Tapinoma is the only genus from the subfamily Dolichoderinae represented and the 

number of individuals was higher in the conventional orchard, though without 

significant differences (P > 0.05) (Table 1). 

 

Table 1. Ant assemblages’ diversity shown by the genus relative abundance, along 

with total abundance, Shannon Index (S). 

Subfamily Genus System / zone 

Organic Conventional 

 

Dolichoderinae  Tapinoma spp. 36a 

40

a 

 

 Formicinae 

 

Campanotus spp. 3a 

0

a 

Cataglyphis 

spp. 48a 

6

0

a 

Lepisiota spp. 1a 

8

a 

 

 

 Myrmicinae 

 

Pheidole spp. 163a 

5

b 

Messor spp. 468a 

1

9

b 

Crematogaster 

spp. 34a 

1

a 

Plagiolepis sp. 3a 

6

a 

Tertamorium 

spp. 79 a 

5

a 

Aphaenoghaster 

spp. 114 a 

1

8 

b 

TOTAL ABUNDANCE 

949 a 

1

3

2 

b 

TOTAL RELATIVE 

ABUNDANCE 

862,73 a 

1

1

0 

b 
         Statistically significant differences (P < 0. 05; Duncan test) are presented with 
different letters.  
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Figure 1. Ant genera relative abundance per management system (organic, 

conventional). 

 

Groundcover vegetation biodiversity 

Species richness and abundance 

A total of 27 species belonging to 12 families occurred during indicative species 

sampling from the two groves (Table 2), 6 of which were Monocots and 21 

Eudicots. Annual species were the most abundant, as expected considering the 

periodic disturbance by mowing, used as a routine management practice of the 

sampling orchards. Herbaceous biennial and perennial species were not present. In 

total eight of the species found belong to the family Asteraceae, six to Poaceae and 

three to Fabaceae. Most of the species had also a European distribution (European 

Mediterranean); those strictly linked to the Mediterranean environment (Steno-

Mediterranean) accounted to 9 species (Table 2). The organic olive grove hosted a 

greater variety of species, since 44.4% of the total species were exclusively found 

there. The 33.3% of the total species found, were present in both orchards and 

14.8% of them were found only in the conventional one. Nevertheless, there were 

not any statistical differences on the species richness between the two orchards. 
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Table 2. Indicative native flora species found in the organic (O) and conventional 

(C) olive orchards. 

Family Species System 
Poaceae Avena barbata O /C 

Briza maxima  O 

Lolium perenne O 

Festuca lachenalii O 

Bromus diandrus C 

Hordeum murinum O / C 

Fabaceae Trifolium subterraneum L. O 

Trifolium hirtum O 

Vicia villosa C 

Convulvulaceae Convolvulus arvensis O / C 

Asteraceae Crepis sancta O / C 

Crepis foetida O / C 

Tephroseris helenitis O / C 

Pilosella caespitosa O 

Galactites tomentosus O 

Picris hieracioides O 

Sonchus asper   O / C 

Pulicaria odora O 

Lythraceae Lythrum hyssopifolia  O 

Boranginaceae Echium vulgare  O 

Echium arenarium O 

Amaranthaceae Atriplex laciniata O 

Brassicaceae Diplotaxis muralis O / C 

Apiaceae Aethusa cynapium O / C 

Geraniaceae Geranium pusillum C 

Urticaceae Urtica urens C 

Malvaceae Malva nicaeensis C 

 

The total abundance was found higher in the organic (55.4±2.6) than the 

conventional (36±3.1) olive grove, when covering 98.6±1% and 72±4.1% of the 

soil surface respectively (Table 3).  

 

Table 3. Total abundance and mean cover percentage in May 
System / zone Organic Conventional 

Abundance 

(individuals/m2) 

55.4±2.6 a 36±3.1 b 

Mean Cover (%) 98.6±1 a 72±4.1 a 

        Statistically significant differences (P < 0.05; Duncan test) are presented 
with different letters.  

 

 

 

https://en.wikipedia.org/wiki/Lythraceae
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Soil cover % and aboveground biomass production 

Regarding the percentage of soil cover by the ground flora, it showed higher rates 

in the organic orchard almost in every month except August, where the 

conventional orchard indicated a higher soil cover percentage (Fig. 2). 

 

 
Figure 2. Soil cover percentage fluctuation from April to October within the two 

olive groves (conventional and organic). 

 

The above-ground net primary production of the total biomass produced annually 

by the orchard floor, expressed on a dry weight basis (average of 3 replicates ± 

standard deviation), had higher means in the organic (0.15±0.008 kg m
-2

 year
-1

) 

compared to  the conventional (0.13±0.014 kg m
-2

 year
-1

), though without any 

statistical differences (Fig. 3). 

 

 
Figure 3. Net primary production of the groundcover biomass produced annually. 
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CONCLUSIONS 

An assessment of two different management systems (organic and conventional) 

demonstrated diverse effects on ant assemblages and flora biodiversity, indicators 

used in the present study for comparing agrobiodiversity among olive groves. The 

differences in ant assemblages means confirmed an enhanced performance of the 

organic compared to the conventional grove, showing a positive effect on ant 

diversity. Wild flora richness and abundance has also been affected by the 

management system, where the organic grove resulted into a richer and denser 

groundcover. However, the effects on the overall flora species richness and soil 

cover percentage were not significant. Thus, further investigation is required to 

confirm the above results. Overall, an impact assessment of agricultural practices 

on plant and soil biodiversity in similar studies could help in designing sustainable 

olive-growing practice.  
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ABSTRACT 
A comprehensive study of the indigenous Cretan sheep breeds was conducted 

involving both body measurements and genetic analyses. Body measurements of 

female sheep (Anogia (n=7); Asterousia (n=23); Sfakia (n=17) and Sitia (n=43)) 

included withers height, body length, ear length, tail length and girth, and body 

weight. Results indicated that the Sfakia breed had the highest withers height (62.7 

± 2.4 cm) while the Sitia breed had the lowest (59.1 ± 5.3 cm). In addition, the 

Sfakia breed showed the greatest body length (65.4 ± 5.5 cm), and the Sitia breed 

the smallest (60.8 ± 4.3 cm). In terms of body weight, the Sfakia breed was the 

heaviest (38 ± 4.2 kg) and the Anogia breed the lightest (21 ± 2.5 kg). For genetic 

identification, blood was sampled from 25 Anogia, 27 Asterousia, 31 Sfakia, 12 

Sitia, 58 Kasos Island and 15 Karpathos Island sheep individuals. Genotypes of 

over 45,000 Single Nucleotide Polymorphisms (SNPs) were obtained for each 

breed, using the OvineSNP50 BeadChip (Illumina). Observed and expected 

heterozygosity, allelic richness, and the inbreeding coefficient were calculated. The 

highest observed heterozygosity based on SNP haplotype blocks was in the Anogia 

and Sitia breeds (0.78), while Anogia also had the highest expected heterozygosity 

(0.81) and allelic richness (7.53). The highest genomic inbreeding coefficient 

(0.175) was estimated in the Karpathos population and the lowest (0.062) in the 

Anogia breed. Genetic relatedness and distances among the breeds/populations 

were analyzed and depicted in phylogenetic trees, revealing significant insights 

into the genetic diversity and relationships of these sheep populations. 
 

Keywords: indigenous sheep, body measurements, genetic diversity, genetic 

distances. 
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INTRODUCTION 

Sheep and goats were among the first animals domesticated by humans, spreading 

from centers of domestication to wide regions. Sheep were introduced to Greece 

between 6,500 and 6,000 BC (Jarman, 1968). Sheep farming plays a pivotal role in 

the Greek economy, ranking third in Europe, following Spain, and Romania. It 

accounts for approximately 18% of the Greece’s total agricultural income 

(Eurostat, 2022). According to ELSTAT (2022), Greece has a total sheep 

population of 7,378,357 animals. In particular, the Island of Crete, with a sheep 

population of 2,036,846 as reported by ELSTAT (2022), has the highest percentage 

of sheep among all regions in Greece, accounting for 27.6% of the total sheep 

population. Dairy sheep farming, significantly contributes to Europe's overall milk 

production. According to the latest data from ELSTAT (2022), Greek sheep's milk 

production in 2022 totaled 883,231 tons, accounting for approximately 29.4% of 

Europe's total production of 3,000,000 tons. Specifically, sheep's milk production 

in the Island of Crete reached 152,088 tons, representing about 5.1% of the overall 

European production. Greek soil and climate are ideal for sheep farming, utilizing 

less fertile areas like mountainous and semi-mountainous regions. Moreover, sheep 

farming plays a crucial role in the prevention of rural desertification and the 

maintenance of environmental balance (Scott & Robertson, 2008). The diverse 

indigenous Greek sheep breeds reflect a long history of domestication and 

evolution, showing unique traits due to natural and zootechnical selection 

pressures. These breeds developed characteristics such as decease resistance, 

adaptability to harsh conditions, and efficiency on poor vegetation (Bizelis and 

Koutsouli, 2021). Consequently, the genetic pools of these breeds contain valuable 

genes that contribute to advancements in genetic science and ensure the 

adaptability of sheep farming to future needs and preferences. Enhancing our 

understanding of the genetic diversity among and within local breeds is crucial. 

This knowledge is essential for maximizing their effective utilization in sustainable 

animal agriculture, especially in demanding and less intensive settings. It is also 

essential for successfully implementing conservation programs (Groeneveld et al., 

2010). This study aims to comprehensively define the genetic landscape of 

indigenous Greek Cretan sheep breeds and contribute to their protection and 

conservation. 

 

MATERIALS AND METHODS 

Breeds and samples. 90 female sheep, representing four local Cretan breeds, were 

selected for the purpose of conducting body measurements. These included 

Asterousia (n=23), Anogia (n=7), Sfakia (n=17) and Sitia (n=43). In the Sitia 

breed, samples were obtained from two distinct flocks, 4 individuals were sourced 

from the Sitia region in Crete, while the remaining 39 were derived from a flock on 

Kasos Island. The body measurements included withers height, body length, body 

weight, ear length, tail length and girth. For the genetic analyses 168 animals were 

selected, representing the four indigenous breeds (Asterousia (n=27), Anogia 

(n=25), Sfakia (n=31) and Sitia (n=12)), plus the Kasos population (n=58); an 
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indigenous sheep population in Kasos Island that is considered to have originated 

from the Sitia breed, due to their similar phenotypic characteristics and reports of 

frequent population exchanges in the past, and Karpathos population (n=15), from 

Karpathos Island near Kasos (Figure 1). 

 

 
Figure 1. Map of sampling of the studied indigenous sheep breeds (ANG=Anogia, 

AST=Asterousia, KRPT=Karpathos, KS=Kasos, SFK=Sfakia, SHT=Sitia). 

 

DNA Extraction, SNP Genotyping and Quality Control. Genetic material (DNA) 

was isolated from animal blood using a commercially available standard reagent kit 

(QIAamp DNA MiniKit, QIAGEN) in accordance with the manufacturer's 

instructions. The OvineSNP50 BeadChip from Illumina was employed for 

genotyping of single nucleotide polymorphisms (SNPs) in accordance with 

standard procedures as defined in the company protocol 

(http://www.illumina.com). The quality control of molecular data entails the 

removal of individuals and genetic markers with low information. In order to 

obtain high-quality data, a series of controls were applied as follows: (a) Only 

those individuals with a call rate exceeding 0.95 were included, (b) SNPs that 

mapped to unknown or sex chromosomes were removed from further analysis, (c) 

SNPs that were genotyped for less than 90% in all samples were excluded, (d) 

SNPs with a MAF (Minor Allele Frequency) lower than 0.02 were removed and (e) 

SNPs that deviated from Hardy-Weinberg equilibrium within the breed (P ≤ 0.01) 

were removed. Finally, a database comprising 45,662 marker SNPs was generated. 

Genotyping with the OvineSNP50 BeadChip kit creates a bias in favour of 

artificially selected/improved sheep breeds at the expense of many local breeds. 

The bias is due to the construction of the kit, in the creation of which improved 

breeds from central and northern Europe were involved. To mitigate this 'bias', 

small haplotypes of four marker SNPs were used as multi-allelic blocks in many 

analyses. This approach has been utilized in other studies conducted on other 

animal species, such as goats and cattle (Pogorevc et al, 2021; Papachristou et al, 

2020). Thus, 4,331 multi-allelic blocks were generated. 

 

http://www.illumina.com/
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Genetic Diversity. The estimation of genetic diversity at the breed/population level 

was based on the multi-allelic blocks and the following parameters were 

calculated: the total number of alleles (nA), the observed (Ho) and expected (He) 

heterozygosity (Nei, 1978), number of private alleles (npA) and the allelic richness 

(AR) (El Mousadik & Petit, 1996). The calculation of genetic diversity estimators 

was performed using statistical packages in the R programming language. In 

particular, the estimators nA, Ho, He, AR were calculated using “HIERFSTAT” 

(Goudet, 2005) and npA using “POPPR” version 2.9.6 (Kamvar et al, 2015). 

 

Genetic Relationships and Inbreeding Coefficient. Genetic relationships were 

calculated using the Unified Additive relationship (UAR) Matrix (Yang et al, 

2010). The UAR was constructed using the snpReady package (Granato et al, 2018) 

in R, applied to genotype data comprising of 45,662 SNPs from 168 individuals. To 

calculate Runs of Homozygosity (ROH), a window-free approach for consecutive 

SNP-based detection was used, implemented in the R package “detectRUNS” 

(Biscarini et al, 2018). In this method, one SNP with a missing genotype and up to 

one heterozygous genotype was allowed within a run. The minimum ROH length 

was set at 1000 kb. ROH were determined for each animal and subsequently 

categorized into specific length classes: 1–2 Mb, 2–8 Mb, and >8 Mb. The total 

number of identified ROH within these length categories was calculated for every 

individual in each breed. To determine the mean sum of ROH, the lengths of all 

ROH for every individual in the sheep populations were summed, and these totals 

were then averaged for each breed or population. The genomic inbreeding 

coefficient based on ROH (FROH) was estimated by dividing the total length of all 

ROH per individual by the total autosomal SNP coverage, which is 2.44 Gb. The 

proportion of shared alleles (PS) among individuals of all indigenous populations 

was calculated using the R package “Adegenet” (Jombart, 2011). The table of 

genetic distances DPS was then constructed from the formula: DPS= -log (PS) 

based on the multi-allelic blocks.  Multidimensional scaling (MDS) analysis was 

calculated using the DPS table. The results were visualized using the "ggplot2" 

package in R (Wickham, 2009). The Nei-Da distances (Nei et al, 1983) were 

calculated based on the multi-allelic blocks using “HIERFSTAT” in R package 

(Goudet, 2005) and then the Neighbor-Net graph was constructed using SplitsTree 

4.14.5 software (Huson and Bryant, 2006).  

 

RESULTS AND DISCUSSION 

Body measurements. The body measurements of the female Cretan sheep breeds 

(Table 1) indicate that the Sfakia breed is the largest among the Cretan breeds, 

while the Sitia breed is the smallest, except for body weight, where the Anogia 

breed is the smallest. This variation could be attributed to the better vegetation in 

West Crete, where the Sfakia sheep are bred, in contrast to the poor vegetation and 

pasture in Central and East Crete, where the other three breeds are raised. 

Specifically, the Sitia sheep are reared in the easternmost region of Crete, which 

justifies the small size of the animals. This difference in vegetation is significant 
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due to the extensive productive system used for indigenous sheep in Crete. Tail 

length measurements were taken on animals whose tails were not cut. All four 

breeds exhibit thin, long tails (Table 1) and a small size, which is consistent with 

their classification as mountain-type sheep. 

 
Table 1. Mean and standard deviation of body weight (kg), withers height (cm), body 

length (cm), ear length (cm), tail girth (cm) and tail length (cm) of the female 

Cretan sheep breeds 
Breeds Code Phenotypic Traits 

Body 

weight 

Withers 

height  

Body 

length 

Ear length  Tail girth Tail length 

Anogia ANG 21.0± 2.5 62.3± 3.1 63.5± 3.4 7.3± 1.8 7.8± 0.3 21.3± 12.0 

Asterousia AST 29.0± 5.8 60.6± 4.8 63.3± 5.4 9.3± 1.9 10.5± 4.5 19.3± 8.5 

Sfakia SFK 38.0± 4.2 62.7± 2.4 65.4± 5.5 9.0 ± 2.9 18.8± 6.2 18.8± 6.2 

Sitia SHT 26.2± 7.6 59.5± 5.5 60.8± 4.9 7.7 ± 2.0 9.2± 4.6 20.1± 10.4 

 

Genetic Analysis. Table 2 shows the genetic diversity parameters of the indigenous 

Cretan sheep breeds in comparison with the sheep populations from Kasos and 

Karpathos Islands. Among them, the Anogia and Sitia breed have the highest 

observed heterozygosity (Ho), expected heterozygosity (He) and allelic richness 

(AR). In addition, the Anogia breed has the lowest genomic inbreeding coefficient 

(FROH), indicating minimal inbreeding within the breed. 

 

Table 2. Estimates of genetic diversity, total number of alleles (nA), number of 

private alleles (npA), observed heterozygosity (Ho) and expected heterozygosity 

(He), allelic richness (AR), mean of genomic inbreeding coefficient (FROH) for the 

classes 1-2Mb, 2-8 Mb, >8Mb and for all the length of the genome (>1) 
Breeds/ 

populations 

nA npA Ho He AR FROH 

(>1) 

FROH 

(1-2) 

FROH 

(2-8) 

FROH 

(>8) 

Anogia 39,818 1,881 0.78 0.81 7.53 0.062  0.033 0.012 0.016 

Asterousia 36,465 1,124 0.74 0.78 6.88 0.115  0.032 0.022 0.061 

Karpathos 29,224 526 0.69 0.77 6.37 0.175  0.032 0.040 0.102 

Kasos 39,616 1,624 0.77 0.78 6.76 0.080  0.038 0.023 0.020 

Sfakia 37,795 1,384 0.76 0.78 6.90 0.087  0.039 0.021 0.027 

Sitia 29,212 541 0.78 0.77 6.74 0.069  0.031 0.010 0.028 

 

This low FROH>1 value supports the high Ho and He values, suggesting that the 

Anogia breed has greater genetic diversity, contrasted with the others breeds. 

Conversely, the Karpathos population exhibits the lowest observed heterozygosity 

(Ho) and the highest genomic inbreeding coefficient (FROH), indicating significant 

inbreeding and reduced genetic diversity relative to the other breeds. Despite 

having, a higher expected heterozygosity (He), the Karpathos population shows the 

lowest observed heterozygosity (Ho) and allelic richness (AR). This discrepancy 

suggests a fragmentation of the Karpathos population, or a fragmentation of the 

sample used here, i.e. the population is divided into some highly inbred herds with 

low exchange rates between them. To summarize the actual observed genetic 
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diversity and allelic richness in the entire Karpathos population are limited. This is 

also supported by Figure 2 that illustrates the distribution of ROH segments across 

different length classes in the sheep breeds. Short ROH segments (1-2 Mb) were 

the most frequent across all studied breeds, with frequencies ranging from 61.67% 

in the Karpathos population to 85.86% in the Anogia breed. 

 

 
Figure 2. Distribution of ROH segments across different length classes (1–2 Mb, 

2–8 Mb, >8 Mb) in indigenous Cretan sheep breeds, and Kasos and Karpathos 

population (ANG=Anogia, AST=Asterousia, KRPT=Karpathos, KS=Kasos, 

SFK=Sfakia, SHT=Sitia). 

 

The Sitia breed exhibits the fewest ROH segments in the 2–8 Mb length class 

(9.79%), whereas the Karpathos population has the highest frequency (25.17%). 

The longest ROH segments (>8 Mb) were the least frequent, with proportions 

ranging from 2.99% in the Anogia breed to 13.16% in the Karpathos population. 

The Anogia breed has the highest frequency of short ROH segments and the lowest 

frequency of the longest segments, indicating a relatively high level of genetic 

diversity and minimal recent inbreeding, while the Karpathos breed has the highest 

frequency of long ROH segments and the lowest frequency of short segments, 

indicating significant recent inbreeding and reduced genetic diversity. The Sitia 

breed has the fewest ROH segments in the 2-8 Mb category, which may indicate a 

moderate level of inbreeding compared to other breeds.  
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Figure 3. Multidimensional Scaling (MDS) of the estimated allele sharing distance 

matrix (DPS) at the individual level for the 6 studied breeds/populations 

(ANG=Anogia, AST=Asterousia, KRPT=Karpathos, KS=Kasos, SFK=Sfakia, 

SHT=Sitia). 

 

The results of the Multidimensional Scaling (MDS) analysis in MDS1 axis, 

depicted in Figure 3, indicate that the six breeds form two distinct clusters. The 

Kasos and Karpathos populations are grouped together, forming one cluster, while 

the Cretan breeds, which include Anogia, Asterousia, Sfakia, and Sitia, form 

another distinct cluster. This pattern can be explained because the Karpathos 

population was mainly influenced by the Kasos population. In contrast, the Anogia, 

Asterousia, Sfakia and Sitia breeds, form their own cluster, and their genetic 

similarity reflects their geographic proximity. Additionally, the analysis reveals a 

significant clustering (MDS2 axis) of animals from a specific breeder within the 

Asterousia breed. These animals exhibit high levels of genetic affinity, as 

evidenced by their substantial genetic distance from other breeds in the Unified 

Additive Relationship (UAR) matrix. This pronounced genetic distance suggests 

that the breeder's animals are not crossbred with external sources but rather are 

exclusively inbred within the farm, maintaining a closed breeding system. Figure 4 

presents a visual representation consistent with the MDS analysis, illustrating the 

formation of two distinct clusters. One cluster includes the Karpathos and Kasos 

populations, while the other includes the indigenous Cretan breeds: Anogia, 

Asterousia, Sfakia and Sitia. 
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Figure 4. Neighbor-network based on pairwise Nei’s DA genetic distances among 

the 6 breeds (ANG=Anogia, AST=Asterousia, KRPT=Karpathos, KS=Kasos, 

SFK=Sfakia, SHT=Sitia). 

 

CONCLUSION 

Our results provide first evidence for genetic diversity and inbreeding status of 

indigenous sheep breeds of Crete. The above findings will be useful to plan 

conservation programs for these breeds. 
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ABSTRACT 

The issue of economic viability in agriculture has specially intrigued researchers’ 

attention in recent years. Ensuring economic viability of family farms, as the 

dominant entities in Serbian agriculture, is the main precondition for survival and 

development of rural areas. The paper aims to evaluate the level of economic 

viability of family farms and to determine the income gap for non-viable farms. To 

assess farm economic viability, an opportunity cost approach was used. Farm net 

income was compared with reference income in order to make a distinction 

between viable and non-viable farms. The focus was on non-viable farms and 

determination the income gap as the difference between farm net income and the 

viability threshold. The income gap shows how far from the viability threshold 

were non-viable farms and was calculated as a percentage of the reference income. 

The research was based on Serbian Farm Accountancy Data Network (FADN) 

from 2015 to 2021. The results have shown that the proportion of economically 

viable farms have obvious tendency of growth in the observed period. The highest 

share of economically viable farms was found in horticulture farming system. In 

contrast, the highest proportion of non-viable farms was recorded in other grazing 

livestock. The non-viable grazing livestock farms also have quite high income gap 

ratio, indicating a significant distance from the viability threshold. This implies the 

need to empower livestock farming, especially extensive livestock, in order to 

improve economic viability level of farms. 

 

Key words: Economic viability, income gap, family farms, FADN, Serbia. 

  

INTRODUCTION 

Family farms are the dominant entities in agriculture in most EU countries. These 

farms are crucial for the survival and development of rural areas, as they often 

represents the sole source of income for the local population. In the Republic of 

Serbia (RS), a similar scenario is noted. Family farms represent approximately 

99% of all agricultural entities (Cvijanović et al., 2014), highlighting their vital role 

in the comprehensive development of agriculture in RS. 

mailto:aleksandar.miljatovic@polj.uns.ac.rs
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Family farms rely on the work of the household members, precisely family labour 

(Garner and de la O Campos, 2014). Their work does not incur explicit costs for 

the farm, which is why there is a need to determine whether investing labour in 

agriculture ensures an adequate living standard for household members. Moreover, 

family farms usually invest their own capital and utilize their own land to organize 

the production process (Hloušková et al., 2022). Therefore, it is necessary to 

evaluate whether the use of own factors of production (labour, capital and land) in 

agriculture is justified, i.e. to determine if farms are economically viable. 

Analysing the economic viability of farms has become increasingly popular in 

recent research across Europe (Coppola et al., 2020; Nurmet and Omel, 2020; 

Wilczyński and Kołoszycz, 2021; Špička and Dereník, 2021). Farm viability 

represents its capacity to cover the opportunity costs of own labour and ensure a 

satisfactory return of own non-land capital and land from the achieved results. 

Therefore, assessment of economic viability is based on comparison of farm net 

income and the viability threshold. The viability threshold is the reference income 

that can be achieved by investing own factors of production in another sector, 

rather than in agriculture. This assessment of the economic viability of farms is 

known in the literature as an opportunity cost approach (O’Donoghue et al., 2016). 

In terms of farm viability, calculating the income gap for non-viable farms is very 

important part of the analysis (Loughrey et al., 2022). The income gap provides 

information about how far from the viability threshold non-viable farms are. The 

farther they are, the harder will be for them to achieve economic viability. Thus, 

the share of endangered farms in terms of economic viability can be accurately 

established.  

The paper primarily focuses on the economic viability of family farms in RS and 

consequently on establishing the income gap in Serbian farms. The main aim of the 

research is to evaluate the level of economic viability of different types of farming. 

The secondary aim is to determine the income gap for non-viable farms.  

 

MATERIAL AND METHODS 

The research was conducted on family farms in Republic of Serbia which were in 

the FADN sample through seven-year period from 2015 to 2021. Farms were 

divided according to type of farming (TF), whereby official groupings TF8 based 

on EU Regulation (EC, 2022) was used: (1) Fieldcrops, (2) Horticulture, (3) Wine, 

(4) Other permanent crops, (5) Milk, (6) Other grazing livestock, (7) Granivores 

and (8) Mixed. At the regional level, farms were divided into two regions 

corresponding to the nomenclature of territorial units for statistics (NUTS): Serbia 

North, including the Belgrade region and Autonomous province of Vojvodina, and 

Serbia South, including Šumadija and Western Serbia, and Southern and Eastern 

Serbia. 

Economic viability of farms was evaluated as the ratio of farm net income (FNI) 

and reference income (RI). Farm net income is calculated as the following (EC, 

2022): 

  



AGROFOR International Journal, Vol. 9, Issue No. 3, 2024 

79 

 

FNI = TO – IC + BCST – D + BSTI – EF 

where TO is the total output, IC is the total intermediate consumption, BCTS is the 

balance of current subsidies and taxes, D is depreciation, BSTI is the balance of 

subsidies and taxes on investment, and EF is the total external factors (which are 

not the property of the farm: wages paid, rent paid, interest paid). 

Reference income represents the sum of oppotunity costs of own factors of 

production (labour, non-land capital and land). Opportunity cost of labour is the 

product of hourly average wage in national economy and the unpaid labour (family 

labour) hours for a year (O’Donoghue et al., 2016; Kołoszycz, 2020). Opportunity 

cost of non-land capital is the product of total equity minus value of agricultural 

land of the farm and the 5% rate of return (Frawley and Commins, 1996; Hennessy 

and Moran, 2015). Opportunity cost of land is the product of hectares of own land 

and average land rent in specific region (Coppola et al., 2020). 

Share of economically viable farms (SEV) is estimated as the following ratio: 

SEV =
the number of farms where FNI ≥ RI

total number of farms in the sample
 

Finally, the income gap (IG) represents the difference between RI and FNI for non-

viable farms (Loughrey et al., 2022). In line with this, the income gap ratio (IGR) 

is calculated using the following formula: 

IGR =
IG

RI
, for farms where RI < FNI. 

 

RESULTS AND DISCUSSION 

The share of economically viable farms in RS has significantly increased during 

the observed seven-year period. In 2021, the percentage of viable farms was 

59.4%, which was 20.4 percentage points higher than in 2015 (Graph 1). In the last 

four years, the share of viable farms was 50% or higher, meaning that more than 

half of the farms were economically viable. In addition, farms from the Serbia 

North region obviously had much better results than those from the Serbia South 

region. The share of economically viable farms in the North Region was higher 

than 50% for almost the entire period and reached the highest point in 2021 

(77.2%). Conversely, in the Serbia South, the share was steadily below 50%, 

clearly indicating serious problems with achieving economic viability. This is 

expected due to lower level of agricultural development in the South Region, 

which is a result of worse climatic conditions, lower human potential and poorer 

technical equipment on the farms. 

 



AGROFOR International Journal, Vol. 9, Issue No. 3, 2024 

80 

 
 *Source: Author’s calculation based on FADN data 

Graph 1. Share of economically viable farms from 2015 to 2021 

 

The analysis conducted by type of farming clearly showed that horticulture and 

granivores had the highest percentage of economically viable farms, at 66.5% and 

65.5% respectively (Table 1). These farms had a very high asset turnover, and 

according to Coppola et al. (2022), granivores, due to specific production 

processes, are more closely aligned with industry. The reason definitely is the 

relatively short production process, which is also a characteristic of horticulture 

farms. In horticulture production, multi-cropping can be organized due to the 

relatively short plant vegetation period. Therefore, the production process is 

accelerated, resulting in better economic outcomes. On the contrary, other grazing 

livestock notably recorded the smallest percentage of viable farms (35.6%). The 

situation was even worse in Serbia South, where only 33.8% of other grazing 

livestock farms were economically viable. The obtained results are in line with 

Hloušková et al. (2022), who emphasize that grazing livestock farms were the least 

economically viable in the Czech Republic. The authors attribute this to the 

extensive production practices of the observed farms. Miljatović et al. (2024) found 

that other grazing livestock farms had the least favourable economic characteristics 

compared to all other types of farming in RS during the period 2017-2021. This is 

certainly the main obstacle to achieving better economic viability coefficients, and 

consequently, the low share of economically viable farms. 
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Table 1. Share of economically viable farms by type of farming, 2015-2021 

TF 8 Type of farming 

Share of economically viable farms (%) 

Republic of 

Serbia 
Serbia North Serbia South 

[ 1 ] Fieldcrops 58.6 65.6 44.1 

[ 2 ] Horticulture 66.5 65.3 66.9 

[ 3 ] Wine 52.4 33.3 60.3 

[ 4 ] Other permanent crops 52.8 64.4 48.5 

[ 5 ] Milk  41.8 73.8 36.8 

[ 6 ] Other grazing livestock 35.6 49.6 33.8 

[ 7 ] Granivores 65.5 70.0 63.5 

[ 8 ] Mixed  42.5 59.7 35.8 

*Source: Author’s calculation based on FADN data 

 

In order to achieve a comprehensive analysis of economic viability, it is necessary 

to assess the distance of non-viable farms from the viability threshold, specifically 

the reference income. The distance was calculated as the difference between RI and 

FNI for non-viable farms. Further, income gap ratio was calculated as the ratio 

between income gap and reference income for non-viable farms. Conceivably, the 

highest IGR of 86.0% was recorded in wine production (Graph 2). In the Serbia 

South, the IGR was even higher (104.0%), indicating that non-viable wine farms 

were, on average, approximately one reference income distant from the viability 

threshold. This reflects the extremely challenging conditions faced by farms in the 

South Region. In other grazing livestock farming system, where the proportion of 

economically viable farms was the most unfavourable, the IGR was 60.5%. This 

also represents a significant distance from the viability threshold, confirming that 

other grazing livestock farms indeed faced serious challenges in achieving 

economic viability.  
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*Source: Author’s calculation based on FADN data 

Graph 2. Income gap of non-viable farms by type of farming, 2015-2021 

 

On the other hand, the smallest distance to the viability threshold was recorded at 

milk farms. The IGR was 47.2% which still represents a relatively high income gap 

(Graph 2). However, non-viable milk farms are definitely the closest to the 

viability threshold in comparison with all other types of farming in RS. This is in 

line with Loughrey et al. (2022), who found that milk farms had the lowest income 

gap in Ireland over a nine-year period (2010-2018). The non-viable milk farms 

have the highest development potential of all other types of farming. Wilczyński 

and Kołoszycz (2021) claim that non-viable milk farms could adopt one of several 

strategies to keep their business, with diversification of production being one of 

them. By diversifying production, farmers can reduce feed costs or ensure 

additional income to finance milk production and achieve economic viability.  

 

CONCLUSION 

Economic viability of farms was assessed based on opportunity cost approach. In 

order to obtain more detail information about non-viable farms, the distance from 

the viability threshold was determined. The analysis was based on the family farms 

in RS for the period from 2015 to 2021. The research results have shown that the 

share of economically viable farms in RS has significantly increased in the 

observed period. The analysis by type of production has shown that horticulture 

and granivores were the most economically viable types of farming. These farms 

had the highest asset turnover which places them in a slightly better position in 

comparison with other types of farming. The least economically viable were other 

grazing livestock farms, typically oriented towards extensive production. This 
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certainly influenced on achieved production and economic results of the farms, 

considering it is a type of farming with mostly non-viable farms in RS. 

Further, the highest distance from the viability threshold for non-viable farms was 

recorded in wine production. Other grazing livestock, as the least viable type of 

farming, have also recorded a relatively high income gap ratio. This indicates that 

the viability threshold is quite distant for numerous non-viable grazing livestock 

farms, confirming the previously recorded very poor state of economic viability. 

Other grazing livestock farms are definitely most endangered farms, despite 

recorded income gap ratio was the highest in wine production. The number of 

farms engaged in wine production in RS is relatively small and, concerning that, 

the number of non-viable wine farms is negligible. Consequently, there is a need to 

focus on empowering farms engaged in livestock production, especially those 

oriented towards extensive production. It concerns farms that are of great 

importance for the survival and development of rural areas, so agricultural 

policymakers should pay proper attention to addressing this issue. The possible 

solution could be to encourage the diversification of production, which should 

contribute to the farm income growth. Also, increasing the disposable income 

through off-farm employment could ensure adequate living standard for the 

household members. In line with previous, further research should conduct a 

comprehensive analysis focusing on the economic sustainability of agricultural 

households.  
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ABSTRACT 

With the prompt development of agricultural modernization, new or improved 

agricultural socialized services are emerging continuously in the form of service 

innovations. The effective innovation diffusion of new or improved agricultural 

socialized services promotes the connection between small farmers and modern 

agriculture. However, studies rarely focus on the diffusion patterns or mechanism 

of agricultural socialized service innovation. Even the classic theory of 

technological innovation diffusion does not answer the research question. This 

paper adopts the semi-structured interview to investigate the relevant stakeholders 

of agricultural socialized service innovation, including small farmers, governments, 

service providers, etc. The grounded theory is adopted to analyze first- and second-

hand data. The results indicate four types of diffusion patterns of agricultural 

socialized service innovation, including government-led top-down diffusion, 

service providers-farmers bilateral diffusion, intra-farmer diffusion, and 

government-service providers collaborative diffusion. The diffusion mechanism of 

agricultural socialized service innovation is analyzed from the perspective of 

farmers. The results show that the diffusion of agricultural socialized service 

innovation contains three stages following the “stimulus-organism-response” 

(SOR) framework i.e., cognition of service, persuasion based on comparison and 

confirmation of needs. Relevant factors affect the diffusion process. In the 

cognition stage, service attributes, and personal characteristics and needs affect 

farmers' initial cognition of agricultural socialized service innovation. In the 

persuasion stage, compatibility, opinion leaders and community communication 

affect farmers’ opinions of the value of agricultural socialized service innovation. 

In the confirmation stage, farmers make decisions influenced by perceived risk, 

trust and value. The research results enrich the theory of innovation diffusion in the 

context of agricultural socialized service, and inspire the effective promotion and 

application of agricultural socialized service innovation. 

 

Keywords: Agricultural socialized services, innovation diffusion, service 

innovation, diffusion pattern, diffusion mechanism. 
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INTRODUCTION 

Building the connection between smallholder farmers and modern agriculture is 

key to rural revitalization and an important component of agricultural 

modernization (Zheng et al., 2022). The perfect agricultural social service system 

is an important symbol of agricultural modernization. Agricultural socialized 

services have reshaped the smallholder agricultural system and promoted scale 

operations in rural China (Wang et al., 2023). Agricultural socialized services refer 

to various agricultural production services provided by business entities directly 

engaged in agricultural production, including pre-production services (e.g., 

agricultural materials supply), mid-production services (e.g., farming technical 

support), and post-production services (e.g., agricultural product sales) (Wang et 

al., 2023).  

China’s rural areas are facing a shortage of labor and capital, and many farmer 

households choose to outsource some agricultural production to address their lack 

of labor (Deng et al., 2020). Agricultural socialized services play a crucial role not 

only in increasing grain production but also in enhancing the overall efficiency and 

sustainability of agricultural practices (Wu et al., 2024). Relying on its professional 

and technical personnel, green production materials, low cost and market 

competitive advantages, agricultural socialized services can alleviate the problems 

of high risk, high cost and insufficient technical management ability faced by 

individual farmers in technology adoption (Hao et al., 2018). 

Existing literature on agricultural socialized service primarily focuses on specific 

cases or production stages such as pre-production, mid-production and post-

production. However, few studies systematically address the diffusion path, model, 

and mechanism of agricultural socialized service innovation, considering the 

influencing factors throughout the entire diffusion process, from generation to 

adoption. 

This paper uses grounded theory to explore the patterns and mechanisms of 

agricultural socialized service innovation diffusion, and clarifies the general 

principles of the diffusion process. The research findings enrich the theory of 

innovation diffusion and its application, enhance the quality and implementation of 

agricultural socialized service, and promote the modernization of the agricultural 

socialized service industry. 

 

MATERIAL AND METHODS 

The data were collected primarily through interviews and analyzed based on the 

grounded theory. To ensure data triangulation, data were collected from multiple 

information sources, including interviews, observations, artifacts, literature and 

archives. A wide range of supplementary materials, including annual reports, 

publications, presentations and news-items, were collected from public sources.  

A diverse set of observation guidelines and interview questions was developed to 

thoroughly investigate the processes, managerial elements and success factors of 

innovation in agricultural socialized service. The interviewees included farmers, 

service providers, and government officials from 41 cities across 13 provinces. A 
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total of 234 interview transcripts were accumulated from agricultural organizations, 

relevant enterprises and government departments. 

 

RESULTS AND DISCUSSION 

Diffusion patterns of agricultural socialized service innovation 

Based on the data, four types of diffusion patterns for agricultural socialized 

service innovation are identified (Table 1, Figure 2), including government-led top-

down diffusion, service providers-farmers bilateral diffusion, intra-farmer 

diffusion, and government-service providers collaborative diffusion: 

(1) Government-led top-down diffusion. The central government leads, local 

governments supervise, and grassroots farmers learn and implement, forming 

a three-level linkage. 

(2) Service providers-farmers bilateral diffusion. This mode involves a two-

step process. First, service providers demonstrate their advantages and attract 

farmers to adopt agricultural social service innovation projects. Second, 

farmers actively seek innovations from service providers. 

(3) Intra-farmer diffusion. This mode relies on the dissemination of 

promotional materials and the sharing of information, occurring in two 

approaches. The first approach involves bidirectional diffusion between large 

agricultural households and agricultural retail investors. The second approach 

occurs between smallholder farmers. 

(4) Government-service providers’ collaborative diffusion: Agro-related 

enterprises participate in innovative research and development, and local 

governments promote these innovations to positively influence farmers' 

cognition and willingness to adopt them. 

 

Table 1. Coding results of diffusion patterns 

Selective coding Axial coding Open coding 

Representative 

evidence from the 

interviews 

Government-led 

top-down diffusion 

Collaboration at all 

levels of 

government 

Government 

leadership 

Innovative agriculture 

depends on 

government 

Grassroots publicity 
Door-to-door visits by 

village committees 

Service providers-

farmers bilateral 

diffusion 

Driven by service 

providers 

Big households lead 

the way 

Large growers and 

cooperatives drive 

Expert guidance 
Technical experts 

provide guidance 

Intra-farmer 

diffusion 

Imitation among 

peasant groups 

Herd mentality Pass one by one 

Word of mouth 

Spontaneous 

communication 

among ordinary 

people 
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Government-service 

providers 

collaborative 

diffusion  

Interaction 

between 

government and 

business 

Cooperation 

between 

government and 

enterprise 

Government publicity 

Demonstration base 
Typical 

demonstration 

 
Figure 1. Diffusion patterns of agricultural socialized service innovation 

 

Diffusion mechanism of agricultural socialized service innovation 

From the farmers’ perspective, the innovation diffusion mechanism of agricultural 

socialized services consists of three stages: cognition – persuasion and 

confirmation (Figure 2). By considering the interplay of nine elements, needs, 

service attributes, personal characteristics, compatibility, opinion leaders, 

community communication, risk, value, and trust – a complete chain of agricultural 

social service innovation diffusion has been formed (Table 2). Farmers’ initial 

cognition of agricultural socialized service innovation is influenced by practical 

needs, existing problems and technological updates. Farmers' interview reflected 

their needs for income and efficiency and highlighted that despite the iteration and 

advancement of agricultural production technologies, issues related to natural 

conditions remain, such as barren land and complex terrain. Farmers hope that 

social service innovation in agriculture can help them achieve higher returns, 

increase efficiency and improve quality while adapting to the natural endowments 

and social conditions of different regions. Service attributes are decomposed into 

dimensions such as quality, price, and attitude. Farmers’ personal characteristics, 

including age, education background, quantity and other dimensions, play a 

significant role in their cognition regarding agricultural socialized service 

innovation. Farmers obtain relevant information about these innovations through 

the various media channels, and then process the information based on their actual 

conditions. For example, “through various meetings, documents, training courses, 

on-site meetings, etc.” With a good attitude, low price and good quality service 

innovation, it is easier to promote positive cognition among younger and higher-

educated farmers. Farmers’ initial cognition is followed by the persuasion stage. In 

this stage, compatibility serves as an antecedence, Opinion leaders and community 

communication act as mediators, and farmers’ willingness to adopt is the outcome. 

The inherent factors such as farmers’ traditional production habits, planting 

conditions and cultural concepts may not fully align with the level of some 
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agricultural socialized service innovation. The compatibility between these factors 

and innovations is crucial for persuasion. Traditional agricultural production habits 

and concepts can cause farmers' resistance to agricultural socialized service 

innovation. Farmers need to understand the benefits and effects of agricultural 

socialized service innovation through authoritative groups and actual cases before 

accepting innovative services to replace traditional methods. As one farmer noted, 

“We are very concerned about building agricultural infrastructure to increase 

agricultural income.” Infrastructure construction and new technologies can enhance 

production efficiency and secure income. During the persuasion process, opinion 

leaders significantly influence farmers, and the information dissemination through 

community social networks further promotes farmers’ adoption willingness. 

Service providers contribute by raining technical experts, deploying these experts 

to rural areas to address farmers' issues, and spreading new ideas about agricultural 

production. When farmers are persuaded and form a willingness to adopt, they 

proceed to re-confirm the innovation of agricultural social services. During the 

confirmation phase, risk measurement serves as an antecedence, perceived trust 

and perceived value are the mediators, and farmers’ adoption behavior is the 

outcome. Adoption cost, partners and related service subsidies are important 

indicators affecting farmers’ risk measurement, with economic risk being the most 

important factor affecting farmers’ adoption behavior. In the trade-off process, 

farmers evaluate the perceived value and trust in agricultural socialized service 

innovation through promotional efforts of various channels such as the 

government, service providers and large agricultural households. Factors such as 

government credibility and service provider reputation are carefully considered by 

farmers. If farmers finally perceive that the value outweighs the risk, they will 

adopt or trial the agricultural socialized service, deciding on full adoption based on 

the trial's results. For the above three stages, demonstrating successful field cases 

and establishing contracts to mitigate farmers' economic risks, while maximizing 

benefits and minimizing harm, are effective measures to encourage adoption. 

 

Table 2. Coding results of diffusion mechanism 

Selective 

coding 

Axial coding Open coding Representative evidence from 

the interviews 

Cognition of 

service 

Need 

Demand Reduce the intensity of labor 

Problem 
The infrastructure of agriculture is 

poor 

Technology Mobile client 

Service 

attributes 

Attitude Sincere service attitude 

Price Free service 

Quality High-quality seeds 

Personal 

characteristics 

Age 30 to 50 years old 

Number Lack of labor force 

Education Low educational level 
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Selective 

coding 

Axial coding Open coding Representative evidence from 

the interviews 

Persuasion 

based on 

comparison 

Compatibility  

Habit 
Production and living habits of 

farmers 

Planting The planting area is not large 

Thought Train farmers to accept new ideas 

Opinion leaders 

Cooperative Co-op leadership 

Government 
The government organizes 

training courses 

Conference Village assembly 

Community 

communication 

Online Use big data for publicity 

Expert Professional technical guidance 

Offline Face-to-face communication 

Confirmation 

of needs 

Risk 

Cost Reduce labor costs 

Partner 
Cooperation with Jilin 

Agricultural University 

Profit 
Large investment in agriculture 

affects slowly 

Value 

Economy Increase farmers’ income. 

Ecology Improving the rural environment 

Subsidy Special funds as support 

Trust 

Government 

credibility 

The company follows the national 

policy 

Case credibility Demonstration base 

Supplier 

reputation 
Good reputation in the industry 

 
Figure 2. Diffusion mechanism of agricultural socialized service innovation 
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CONCLUSIONS 

 

The innovation of agricultural social service can be summarized into four diffusion 

patterns: 

(1) Government-led top-down diffusion: A one-way diffusion from the 

government to farmers, characterized by high trust from farmers but lacking 

targeted services. 

(2) Service providers-farmers bilateral diffusion: A two-way diffusion between 

socialized agricultural service providers and farmers, encompassing service 

innovations provided by the providers and those actively sought by farmers 

based on their needs and trust. 

(3) Intra-farmer diffusion: Communication and publicity among farmers, 

representing the most common and practical mode of innovation diffusion, and 

relying on interpersonal relationships and inter-group imitation behavior. 

(4) Government-service providers collaborative diffusion: Diffusion from 

government departments to agricultural socialized service providers, and then to 

farmers. This model combines government credibility with the professionalism 

of agricultural service providers, and is easily accepted by farmers. 

Social agricultural service innovation spreads through three stages: cognition, 

persuasion, and confirmation. From the farmers’ perspective, these stages progress 

sequentially through different combinations of nine elements: innovation need, 

service attribute, personal trait, compatibility, opinion leader, community 

communication, risk measurement, perceived value, and perceived trust. These 

elements constitute the entire process from farmers’ understanding of the service to 

its adoption. Innovation needs, service attributes and personal characteristics affect 

farmers’ initial cognition of agricultural socialized service innovation. 

Compatibility, opinion leaders and community communication are crucial in the 

persuasion stage, where farmers are persuaded to accept the innovation through 

demonstration bases, and online and offline exchanges. In the confirmation stage, 

farmers evaluate perceived trust, value and risk to decide whether to accept the 

services based on trial outcomes. 

This paper identifies the innovation diffusion patterns and mechanism for 

agricultural socialized service, as well as the interplay of multiple influencing 

factors within the innovation diffusion mechanism, and further deepens the 

exploration of the innovation diffusion path in the field of agricultural socialized 

service. 

Based on the conclusions of this paper, the following suggestions are proposed. 

First, the government should improve the rural financial investment mechanism 

and increase subsidies. Second, efforts should be made to enhance the promotion of 

agricultural socialized services. Third, attention should be paid to farmers' ideas 

and communication. 
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ABSTRACT 

Bulgarian rose oil is world famous for its high quality. Obtaining it makes the 

cultivation and processing of oil-bearing rose crops an important agricultural 

branch. There are more than 200 species of roses in the world, and in Bulgaria the 

species with the greatest agricultural importance are Rosa damascena Mill. f. 

trigintipetala Dieck. and Rosa alba L. Their qualitative composition is relatively 

constant and includes, in addition to essential oil, a variety of polyphenols, 

vitamins, and minerals. Products from the processing of the rose flower are: rose 

oil, rose absolute, rose concrete, rose water and others from secondary processing. 

Hydrodistillation is the technological method for obtaining rose oil, but it generated 

huge amount of biocontaminated wastewater. The retention of the organic 

components will satisfy the ecological criteria for the purity of wastewater and will 

create an opportunity for full-fledged use of their bioactive properties. The 

developed conventional methods are not sufficiently precise, cost-effective and 

environmentally friendly. Membrane technology and ultrafiltration processes have 

proven their technological and economic efficiency for purification, separation, 

concentration and decontamination of various liquid products. The aim of the study 

is to investigate the possibility of applying composite polyacrylonitrile membranes 

for the purification of wastewater from the hydrodistillation of oil rose flower and 

separated into the waste components. The membranes used were found to remove 

more than 60% of total organics and separate more than 70% of polyphenolic 

compounds. 

 

Keywords: Roses, Waste waters, Polyphenols content, Membrane filtration, 

Ultrafiltration. 

 

INTRODUCTION 

Membrane technology includes processes that differ in purpose, driving force, 

equipment, etc. The common element for these processes is the semipermeable 

barrier or the membrane. Key to membrane technology are baromembrane 

processes - microfiltration, ultrafiltration, nanofiltration, reverse osmosis, in which 

the driving force is the difference in pressure before and after the membrane 

mailto:rmkpetrovi@abv.bg
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(Mulder, 1991; Baker, 2004; Othman et al., 2022). Each of these processes has 

specific selective capabilities and a range of applied pressures and requires suitable 

membranes. Polymer membranes are the conventional choice. A classic method of 

obtaining them is non-solvent induced phase separation (NIPS) (Dong et al., 2021; 

Irfan et al., 2017). The physicochemical stability of polyacrylonitrile (PAN) makes 

it preferred for forming ultrafiltration (UF) membranes (Irshad and Zhiping, 2023; 

Yang et al., 2023). UF membranes used in different industrial applications and 

water treatment processes (Shoshaa et al., 2023; Aani et al., 2020). The provision 

of water resources suitable for drinking, domestic and industrial needs and 

satisfying the legal requirements for the quality of waste water are the driving force 

for the search for effective technical, economic and ecological solutions. In this 

regard, baromembrane processes and, in particular, ultrafiltration are an 

opportunity to restore the quality of waste water from various production activities. 

Waste water from the processing of plant crops has a predominantly organic 

composition, which in most cases significantly exceeds the legally defined norms. 

According to their qualities, they are able to change the organoleptic properties of 

water and even make it toxic. Released untreated into bodies of water can lead to 

oxygen depletion, causing eutrophication of water bodies, and colored and cloudy 

ones affect photosynthesis. Used for irrigation and fertigation, waste water can 

have adverse effects on the life activity of various organisms and soil qualities, and 

if applied for long period, can also affect groundwater qualities (Ramos et al., 

2023). The oil-bearing rose is an industrial crop, the flower of which is mainly 

processed by hydrodistillation. The process generates liquid waste in huge amount 

of, which is waste waters with a rich and diverse content of polyphenols, minerals, 

essential oil components (Ilieva et al., 2022; Dobreva et al., 2013; Erdal and 

Munduz, 2017; Todorova et al., 2022). The aim of the study is to investigate the 

possibility of applying composite polyacrylonitrile membranes for the purification 

of wastewaters after extracting of rose oil and separated into the waste components. 

A large part of the pollutants in this residues are suitable for treatment, through 

processes of chemical and biological oxidation and various physicochemical 

methods (Eliane et al., 2014; Raks et al., 2018; Avsar et al., 2007). Membrane 

processes offer quality treatment of waste water from the processing of various 

plants, but under significantly more favorable conditions (Pérez et al., 2022; 

Ezugbe et al., 2020; Othman and Rathilal, 2022). 

 

MATERIALS AND METHODS 

 

The raw material was fresh rose flowers from R.damascena Mill. and R.alba L., 

grown in the experimental field of the Institute for Roses and Aromatic Plants 

(IRAP), Kazanlak, Bulgaria. The plantations are part of the collection of oil-

bearing roses, grown according to the established technology of the institute. The 

liquid wastes were collected after distillation of the available semi-industrial 

processing line to obtain essential oil during the harvest season of 2022. A flat 

composite membrane with a molecular weight cut-off of 15 kDa was formed by the 
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phase inversion method from a homogeneous 17 wt% PAN solution. It is obtained 

from fibers of the ternary copolymer poly(acrylonitrile–methylacrylate–2-

acryloamide–2-methylpropanesulphonic acid) produced by LUKOIL Neftochim 

Burgas Co., Bulgaria. The polymer solution was cast on a calandered polyester 

matt brand FO-2403 from Velidon Filter (Germany) attached on a glass plate, after 

that was placed in a bath of distilled water to carry out the process of phase 

inversion. The formed membrane was washed intensively with water and subjected 

to thermal fixation at T=60°C in distilled water. Tests with the membrane were 

carried out with a laboratory cell SM 165-26 (“Sartorius”, England). The object of 

the filtration are two types of waste water from the distillation respectively from 

the genotypes of damask (R.D.) and white (R.A.) roses, described above. The 

waters are stored at T= -20°C and pre-filtered through standard filter paper. The 

permeability (J, l/m
2
.h) and rejection (R, %) of the PAN membrane was determined 

at pressures in the range 0.1 - 0.5 MPa. The values are calculated by the following 

equations: 

, l/m
2
. h                                (1) 

where: J –flux permeate through the membrane, l/m
2
.h; V - volume of 

permeated flux, l; S - effective area of tested samples, m
2
; τ – record time, h; 

, %                       (2) 

where: R- rejection of the membrane, %; С2- concentration of retained 

matter in the feel, g/l; С1- concentration in the permeate, g/l. 

The content in waste water, permeate (filtrate) and retentate (concentrate) of 

the organic matter (TOC) was determined by the permanganate oxidizability 

method and the results were expressed as equivalent to potassium 

permanganate (mgEm КMnO4) (BDS 17.1.4.16:1979). The total flavonoids 

(TFC) was determined according to the method described by Kivrak et al. 

(2009) as quercetin equivalents (mgQeE). The concentration of flavonoids 

was calculated by the equation of the standard curve y=2.8575.x+0.21476, 

R
2
 = 0.9737 at λ=410 nm. Prepared standard solutions with a quercetin 

concentration in the range of 10 - 100 mg/ml were used to construct a 

standard curve.  
 

RESULTS AND DISCUSSION 

The technological characteristics of the membrane are provided by its structure and 

morphology. The permeability of 17 wt% PAN membrane and the behavior of the 

structure according to the mechanical effect of changing pressure were initially 

tested against water. The pressure was changed stepwise by increasing and then 

decreasing in steps of 0.1 MPa. Permeability was determined at each pressure 

applied perpendicular to the membrane surface. Based on the results, a hysteresis 
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curve was constructed as J=f(P) (Figure 1A). With an increase in pressure, the 

mechanical load on the polymer structure increases and vice versa, and the change 

in the hysteresis area corresponds to the degree of deformation. The permeability 

also increases and at 0.5 MPa maximum exploitation of the pore structure is 

achieved in laboratory conditions.  

 

  
 

Fig. 1. Hysteresis curves of water flux permeability (A.) and waste water flux 

permeability (B.) through 17 wt% PAN membrane  

 

The water permeability of the membrane reaches 131 l/m
2
.h at 0.5 MPa, with very 

good mechanical stability and reversible structural deformation. The change in the 

hysteresis area is apparently insignificant, expanding in the region 0.3-0.4 MPa.  

UF is a type of membrane filtration in which hydrostatic pressure forces a liquid 

against a semi-permeable membrane. Suspended solids and high molecular weight 

solutes are retained while water and low molecular weight solutes pass through the 

membrane (Kumar et al., 2013). Production waste water was used in the membrane 

process after pre-filtration through a paper filter to eliminate solid plant residues. 

The filtration cell was charged with waste water with an initial volume of 200 ml. 

This was done successively with the waste water from R.D. and R.A.. 

Ultrafiltration was carried out until a reduction of 75% of the initial volume. The 

pressure was applied under the same conditions as in the membrane water 

permeability test. The waters were investigated for the content of TOC and TFC 

(Table 1). 

 

Table 1. Contents of waste water from the hydrodistillation of oil-bearing roses. 

waste water TOC, 

mgEm КмnO4/ml 

TFC, 

mgQeE/ml 

R.D. 15.80 7.80 

R.A. 16.43 1.58 

 

  

A. B.  
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During ultrafiltration, the mechanical behavior of the membrane with respect to 

both investigated objects was stable in the entire range of applied pressure shows 

the permeability of the waste water flow through the membrane (Figure 1 B). The 

change in the hysteresis area is more noticeable when treating the R.A. waste water, 

with the flux permeability also being slightly larger. Corresponding differences 

stand out at pressures of 0.3 and 0.4 MPa, and at the highest pressure the 

permeabilities almost equalize. 

The membrane exhibited the highest rejection of total flavonoids at a pressure of 

0.1 MPa, which was 92% for the waste water from R.D and 89% respectively for 

those from R.A. (Figure 2). In terms of total organic matter at the same pressure, 

the rejection at the waste water of R.A. reaches 68% and is slightly higher than the 

waste water of R.D., where it is 64%. In both cases, the process takes place with a 

low permeability not exceeding 11 l/m
2
.h. As the degree of initial volume reduction 

increases, the retentates become an additional separation barrier. This helps keep 

rejection values high along with the growing permeability as pressure increases. 

 

 
Fig. 2. Membrane rejection of the waste water composition. 

 

At the highest experimental pressure, the permeability was 21 l/m
2
.h of the 

hydrodistillation waste water of R.D. and 22 l/m
2
.h of R.A., with rejection 

respectively of 62 % and 63 % to total organics and 82 % and 87 % relative to the 

established amounts of total flavonoids. This trend should be preserved during 

membrane treatment of the studied objects in real conditions, which is a very good 

representation of the PAN membrane, according to the technological conditions of 

the ultrafiltration process. 

 

CONCLUSIONS 

 

The presented results show that a 17 wt% polyacrylonitrile membrane is 

structurally stable at pressures from 0 to 0.5 MPa applied in the ultrafiltration 

process to industrial waste water from the hydrodistillation of flower from essential 

oil crops Rosa damascena Mill. f. trigintipetala Dieck and Rosa alba L. It was 
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found that the permeability of the treated waste water flow through the membrane 

reaches 22 l/m
2
.h with retention of up to 68% of the amount of the total organic 

composition and up to 92% of the polyphenolic compounds from the flavonoid 

group. It has been proven that the proposed membrane is suitable for ultrafiltration 

treatment of wastewater from the hydrodistillation of rose oil flower, and in a next 

step it can be tested in semi-industrial conditions for the purification or recovery of 

bioactive substances. 
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ABSTRACT 

Tropical breed cattle (Bos indicus) have more physiological tolerance to heat than 

temperate breed cattle (Bos taurus). This phenomenon involves cellular protein 

production related to various cellular proteins including heat shock protein. The 

study aimed to compare the nucleotide sequence of the heat shock protein 70-2 gene 

(HSP70-2) between Thai Native (NT) and Holstein Friesian (HF) cattle by using the 

polymerase chain reaction single-strand conformation polymorphism (PCR-SSCP) 

method. DNA was extracted from 70 and 52 samples of NT and HF, respectively. Ten 

primers (HP1 to HP10), specifically designed for HSP70-2, were related to the data of 

Bos taurus in GenBank databases (accession number; BTU02892). The primers 

included three regions of the gene: (1) 5’ flanking region, (2) coding sequence, and (3) 

3’ flanking region. The results of 10 primers showed 32 patterns in both NT and HF. 

Sequence analysis showed polymorphism in HSP70-2 and differentt nucleotide 

sequences at position 1262 (NT=A/C; HF=G) in HP5 primer, 2347 (NT=T; HF=C) in 

HP9 primer, and 2515 (NT=G/T; HF=C), 2516 (NT=C/T ; HF=G), and 2557 (NT=G; 

HF=T) in HP10 primer. The finding suggested that these primers were the best to 

separate NT from HF, and the different positions were found in HP5 and HP9 primers 

covering the coding sequence region, while HP10 primer covered the 3’flanking 

region. Thus, the coding sequence region and 3’flanking may affect the mechanism of 

HSP70-2 protein translation and HSP70-2 protein post-transcription, respectively.  

 

Key words: Tropical breed, Temperate breed, Nucleotide sequence, HSP70-2, 

Breed difference. 

 

INTRODUCTION 

Tropical breed cattle (Bos indicus) exhibit greater physiological tolerance to heat 

compared to temperate breed cattle (Bos taurus) (Gaughan et al., 1999). Genetic 

divergence between these breeds occurred between 110,000 and 850,000 years ago, 

as evidenced by mitochondrial DNA and microsatellite analysis (Bradley et al., 

1996; MacHugh et al., 1997). Heat shock proteins (HSPs) are molecular 

mailto:yuplua@kku.ac.th
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chaperones induced by elevated temperatures and play crucial roles in cellular 

stress responses. Constituting 2-15% of total cellular protein, HSPs are essential for 

protein homeostasis under normal and stressful conditions (Morimoto et al., 1994). 

This study aims to characterize the HSP70-2 nucleotide sequence in Bos indicus 

and Bos taurus breeds to elucidate the genetic basis of their differing heat 

tolerances. By identifying nucleotide variations between breeds, we seek to 

develop selection markers for improving heat tolerance in cattle through breeding 

programs. 

 

MATERIALS AND METHODS 

Animals 

Animals used in this study included Thai native cattle (NT), representing the 

tropical breed, and Holstein Friesian (HF), representing the temperate breed. The 

total number of NT and HF were 70 and 52 animals, respectively. The study was 

conducted at the Animal Biotechnology Laboratory, Department of Animal 

Science, Faculty of Agriculture, Khon Kaen University, Thailand, from June 2010 

to May 2011. 

Samples collection 

Blood samples  
Blood samples were collected from the jugular vein of each animal into 1 ml 

EDTA blood collection tubes. Nine milliliters of blood were collected per animal. 

All blood samples were kept at room temperature and DNA extraction was 

processed within 2 hours of collection. 

Tissue samples 
A 1 cm

3
 tissue sample was collected from the sirloin muscle of each animal and 

stored in 95% ethanol until DNA extraction. 

DNA extraction procedure  

The whole blood or tissues from each sample was washed in 0.9% NaCl; Total 

genomic DNA was extracted following the protocols of Pure-Gene
TM 

Blood/Tissue DNA Kit (GENTRA INC., MA). DNA concentration was 

determined by spectrophotometer at 260 nm and diluted with DNA hydration 

buffer to a concentration of 50 ng/µl. The genomic DNA prepared samples were 

stored at 4°C until the polymerase chain reaction (PCR) process. 

Primers design 

Design primer specific with HSP70-2 was reported in GenBank database (accession 

number; BTU02892) by GENEFISH2 and Primer3 program. NCBI BLAST was used to 

compare the nucleotide sequences, and Oligoanalyzer program was used for hairpin loop 

analysis. A total of ten primers (HP1 to HP10) were used in this study (Table 1). 

Analysis of polymorphism by PCR-SSCP and sequencing HSP70-2 gene 

For PCR procedure 
PCR mixture: Genomic DNA from NT and HF was used as template DNA. The PCR 

reaction mixture consisted of 1 µl DNA template, 1 µl 10× PCR buffer, 0.8 µl 50 mM 

MgCl₂, 1 µl dNTPs (1 mM each), 1 µl of each 1 µM forward and reverse primer (Table 

1), 0.1 µl 5 U/µl Taq polymerase, and 4.1 µl sterile water, for a total volume of 10 µl. 
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PCR amplification 

Initial denaturation was performed at 95°C for 3 minutes, followed by 35 cycles of 

denaturation at 95°C for 30 seconds, annealing at [temperature]°C for 45 seconds (primer 

annealing temperatures are listed in Table 1), and extension at 72°C for 30 seconds. A 

final extension step was carried out at 72°C for 5 minutes. PCR products were visualized 

on a 2% agarose gel and stored at 4°C until subsequent SSCP analysis. 

SSCP procedure 

PCR products were denatured and converted to single strands by mixing with SSCP dye 

in a 1:1 ratio. Three microliters of the resulting mixture were subjected to Single-Strand 

Conformation Polymorphism (SSCP) analysis on a 5% non-denaturing polyacrylamide 

gel under conditions specified in Table 1. Gels were stained with GelStar (GelStar Inc., 

NY) to visualize SSCP patterns. One representative sample from each unique SSCP 

pattern in NT and HF groups was sent to Marcogen (South Korea) for nucleotide 

sequencing. The obtained sequences were compared to GenBank reference sequences 

using DNAMAN version 5.2.2, BioEdit, and ClustalW2. 

 

Table 1. Primers of HSP70-2 gene and condition of PCR-SSCP. 
Primer  nucleic acid Sequence 

(F, Forward; R, Reverse) 

PCR product 

size (bp) 

Annealing 

 temp (C) 
Position 

Electrophoresis protocol 

For  

SSCP (volt/time) 

HP1 F: CTCCTGTTTCCTCCAGCGAA 517 63 Position 6-523 in 

5’flanking region 

and coding sequence 

200 V/360 min 

 R: GTCGTTGGCGATGATCTCCA 

HP2 F: GCACCACCTACTCCTGCGTA   230 66 Position 461-691 in 

coding sequence 

200 V/180 min 

 R: CTTCATGTCCGACTGCACCA 

HP3 F: CGCAGAACACGGTGTTCGA   271 62 Position 614-862 in 

coding sequence 

200 V/180 min 

 R: GTGATCACCGCGTTGGTCA 

HP4 F: GCTGACCAAGATGAAGGAGA  253 61 Position 795-1066 in 

coding sequence 

200 V/180 min 

 R: GTCGATCGTCAGGATGGACA 

HP5 F: GTTCGACGTGTCCATCCTGA   271 64 Position 1038-1291 

in coding sequence 

200 V/180 min 

 R: GAACAGGGAGTCGATCTCCA 

HP6 F: GAGAACCTTGTCGTCCAGCA    646 66 Position 1239-1885 

in coding sequence 

200 V/390 min 

 R: CAGGATGCCATTGGCATCGA 

HP7 F: AGATCGAGGTGACCTTCGACA   260 66 Position 1844-2304 

in coding sequence 

200 V/240 min 

 R: CTTCAGCCCCTCATCCTCCA 

HP8 F: GTCGTACGCCTTCAACATGA   271 66 Position 2055-2325 

in coding sequence 

200 V/240 min 

 R: AGACCCAGAGCCCCCTTTA 

HP9 F: GTGTAACCCCATCATCAGCAGA   290 64 Position 2232-2522 

in coding sequence 

and 3’flanking 

region 

200 V/240 min 

 R: TCGAAACATTCTGGTGAACACA 

HP10 F: 

GTTATAGTGAGTGTGTTCACCAGA 

238 64 Position 2489-2709 

in 3’flanking region 

200 V/180 min 

 R: AAGCCATTATCCCTCCCCAA 
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RESULTS AND DISCUSSION 

PCR-SSCP patterns were generated for each breed using primers HP1 to HP10 

(Table 2). A total of 32 unique patterns were identified across both breeds. The 

HSP70-2 gene was 2,720 bp in length. Seven out of the ten primers exhibited 

breed-specific PCR-SSCP patterns, but only three primers (HP5, HP9, and HP10) 

clearly differentiated NT from HF breeds. As shown in Table 2 and Figure 1, 

primer HP5 produced pattern 1 in 100% of NT samples and pattern 2 in 100% of 

HF samples. Similarly, primer HP9 generated patterns 1-7 in 100% of NT samples 

and pattern 8 in 100% of HF samples. Primer HP10 yielded pattern 1 in 100% of 

NT samples and pattern 2 in 100% of HF samples. 

 

 

                     1      2             1    2 

           

 

      

 

                                          

 

                    1      2              1    2    

             

 

 

 

 

 

A B 

C 

 
Figure 1. PCR-SSCP pattern of 2 breeds. NT (Thai Native cattle); HF (Holstein 

Friesian cattle). 

   A) HP5 primer: 1 (NT), 2 (HF).  B) HP9 prime: 1-7(NT), 8(HF).  

   C) HP10 primer:1 (NT), 2 (HF). 
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Table 2. PCR-SSCP patterns frequency results of each breed from 10 primers and different nucleotides. 

 

 

 

Primer Breed 
Percent of SSCP pattern frequency (head of animals) P value 

Position in HSP 70-2 (nucleotide 

seq. different) 

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5 Pattern 6 Pattern 7 Pattern 8   

HP1 
NT 41.43 (29) 35.71 (25) 20.00 (14) 2.86 (2) 0.00 (0) 0.00 (0)   

0.001* 

6-523 in 5’flanking region and 

coding sequence (14 nucleotide 

different) HF 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 63.46 (33) 36.54 (19)   

HP2 
NT 68.57 (48) 20.00 (14) 8.57 (6) 2.86(2)     

0.001* 461-691 in coding sequence 
HF 0.00 (0) 0.00 (0) 0.00 (0) 100 (52)     

HP3 
NT 51.43 (36) 48.57 (34)       

0.001* 614-862 in coding sequence 
HF 100.00 (52) 0.00 (0)       

HP4 
NT 100.00 (70)        

- 795-1066 in coding sequence 
HF 100.00 (52)        

HP5 

NT 100.00 (70) 0.00 (0)       

0.001* 

1038-1291 in coding sequence 

(1262 NT = M (A ; Thr. aâ/ 

C; Pro.aâ), HF= G ; Ala. aâ) 
HF 0.00 (0) 100.00 (52)       

HP6 
NT 100.00 (70)        

- 1239-1885 in coding sequence 
HF 100.00 (52)        

HP7 
NT 90.00 (63) 10.00 (7)       

0.370 1844-2304 in coding sequence 
HF 84.62 (44) 15.38 (8)       

HP8 
NT 17.14 (12) 82.86 (58) 0.00 (0) 0.00 (0)     

0.018* 2055-2325 in coding sequence 
HF 0.00 (0) 0.00 (0) 7.69 (4) 92.31 (48)     

HP9 

NT 47.14 (33) 12.86 (9) 11.43 (8) 8.57 (6) 2.86 (2) 14.29 (10) 2.86(2) 0.00 (0) 

0.001* 

2232-2522 in coding sequence and 

3’flanking region (2347NT = T, 

Asp. aâ, HF= C; Asp. aâ  

(silent substitution) 

HF 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 100.00 (52) 

HP10 
NT 100.00 (70) 0.00 (0)       

0.001* 
2489-2709 in 3’flanking region 

(position 2515, 2516, 2556) HF 0.00 (0) 100.00 (52)       
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Nucleotide sequence analysis results  

HSP70-2 genes have 3 regions. The 5’ flanking region with a size of 423 bp (starting 

from 1-423 bp), nucleotide sequence analysis was found for Invert CCAAT box (70 to 

74 bp, and 153 to 157 bp), Promoter (100 to 136 bp), SP1 binding site or GC box (172 

to 177 bp), HSE (185 to 190 bp), and TATA box (192 to 197 bp) at the same position 

in both breeds. Mutation points found 13 positions as shown in Figure 2. The 

mutation point revealed that these may affect the heat response 

differently in the two breeds. The regulated structure controls the transcription 

factors (TF) and enzymes that activate the transcription process. Mutation of 

nucleotide base can affect the heat shock factor that will bind with the heat shock 

element at the starting point of the transcription process. Therefore, different 

sensitivities and volumes of HSP70-2 mRNA synthesis were derived (Cai et al., 

2005).  

 
Figure 2. The nucleotide sequence of 5’flanking region of Heat shock protein 70-2 

gene. Invert CCAAT, promoter, SP1 binding site/GC box, HSE, TATA box (under 

line) with sequence positions given above, are shown. The first line shows the 

HF(Holstein Friesian cattle) sequence, and the second line shows the NT(Thai 

Native cattle) sequence. Identity with the first line sequence is denoted by a dash, 

substitution by a different base letter.  

 

The Coding region with a size of 1929 bp starts from 424 to 2353 bp. This region 

used 8 primers (HP2 to HP9) to amplify the fragment of the gene. The nucleotide 

sequence is shown to be highly conserved in PCR-SSCP product from HP4 and 

HP6, which is then transformed to conserve protein (no difference is found in the 

two breeds with SSCP pattern, though 1 pattern was not found in the mutation 

point during nucleotide analysis (Silent substitution).  On the other hand, 
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PCR_SSCP products from HP5, HP9 showed significant difference between 

breeds, but only 2 SNPs clearly separated NT from HF; significant difference of 

nucleotide was observed at positions 1262 bp in HP 5 primer (NT=A/C; HF=G), 

and 2347 bp in HP9 primer (NT=T; HF=C) as shown in Figure 3. These two 

positions affect the translation of protein. It is only one position at 1262 bp 

(missense mutation) that NT can be translated to Threonine (A) or Proline (C), and 

HF to Alanine (G). While at position 2347 bp is a silent substitution, the two 

breeds are transformed to Asparagine. Amino acid performs different protein 

functions, such as: refolding protein, membrane translocation, degradation of 

misfolded proteins, and other regulatory processes. Therefore, it has different heat 

responsibilities for different breeds. 

 
HF  GGCCAGCCTG GAGATCGACT CCCTGTTCGA GGGCATCGAC TTCTACACGT CCATCACCAG GGCGCGGTTC 1330 

HF  ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  -M-------- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  -M-------- ---------- ---------- ---------- ---------- ---------- ---------- 

 

 

HF  GGTGGACTAG GGGCCTTACT TTTTGTCTGT CTGTAGTAGA CCTATGGACT TTGGTCTTGC CCTATATTTA 2410 

HF  ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  ------T--- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  ------T--- ---------- ---------- ---------- ---------- ---------- ---------- 

 
 

 

Figure 3. Multiple sequence alignment in positions 1261 to 1330, and positions 

2341 to 2410 of HSP70-2 of HF 2 and NT 2 samples. Breed abbreviations are as 

follows, HF (Holstein Friesian cattle), NT ( Thai Native cattle). Identity with the first 

sequence is denoted by a dash, substitution by a different base letter at 1262 bp 

(NT=M (A/C, HF=G;), and 2347 bp (NT=T, HF=C). 

 

The 3’ flanking region has a size of 416 bp starting from 2354 to 2770 bp. This region 

used two primers (HP9 and HP10) to amplify the fragment of the gene. The different 

points between the two breeds were seen at three positions: at 2515 bp (NT=G/T; 

HF=C), 2516 bp (NT=C/T; HF=G), and 2557 bp (NT=G; HF=T) in HP10 primers as 

shown in Figure 4. The different positions may affect the post-transcription of HSP70-

2, and the complete translocation process of mRNA. This can be found in the report of 

Adamowicz et al. (2005) who reported new SNPs in 3’-UTR regions of HSP70-1 gene 

of B. taurus and B. indicus found to be inserted in G and C nucleotide or substituted for 

U/A in some positions that affected the complete translocation process of mRNA but 

did not affect the quantity of HSP70 mRNA synthesis. 

 
HF  TCTCTAACTA GCTCGATTTT TGTTATTTCT GTATGTTATA GTGAGTGTGT TCACCAGAAT GTTTCGATTT 2520 

HF  ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  ---------- ---------- ---------- ---------- ---------- ---------- ----KY---- 

NT  ---------- ---------- ---------- ---------- ---------- ---------- ----KY---- 

 

 

 

HF  TCATGCAAGT TGGTAATAAG GATGGCTTTC CGTGGGTTTT TTTTTGTTTG TTTCAAGTGA GTCAACACTG 2590 

HF  ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

NT  ---------- ---------- ---------- ------G--- ---------- ---------- ---------- 

NT  ---------- ---------- ---------- ------G--- ---------- ---------- ----------  
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Figure 4. Multiple sequence alignment in positions 2451 to 2590 of HSP70-2 gene 

for HF 2 and NT 2 samples. Breed abbreviations are as follows, HF (Holstein 

Friesian cattle);  NT (Thai Native cattle). Identity with the first sequence is denoted 

by a dash, substitution by a different base letter at 2515, 2516 bp (HF=CG; 

NT=K(G/T) Y(C/T), and 2557 bp (HF=T; NT=G). 

In order to confirm the homology of HSP 70-2 gene between NT and HF in this 

study (122 animals), the nucleotide sequence of template B. taurus HSP70-2 gene 

(GenBank accession number BTU02892) was determined by comparison of the 

similarity analysis. The results showed that there was 96 to 98% similarity. In 

addition, HF nucleotide sequence at positions 1262, 2347, 2515, 2516 and 2557 bp 

were not different from the template. These results indicated that these positions can 

be used in separating HF from NT. 

 

CONCLUSION 

The results of this study indicate that HSP70-2 gene between tropical and 

temperate cattle have nucleotide sequence polymorphisms in 3 regions of the gene. 

However, different nucleotide sequences between tropical and temperate breed 

cattle have clear mutation points that can separate tropical breeds from temperate 

breeds. Their positions are at 1262 (NT=A/C; HF=G), 2347 (NT=T; HF=C), 2515 

(NT=G/T; HF=C), 2516 (NT=C/T; HF=G), and 2557 bp (NT=G; HF=T) with a 

total length of 2770 base pairs. The differences observed in their positions may be 

related to the gene that makes the tropical breed cattle to have more physiological 

tolerance to heat than the temperate breed cattle. 
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ABSTRACT 

After the accession of Bulgaria to the European Union in 2007 and the 

liberalization of trade, the integration of the country to the common market, not 

only in the Union, but also to third countries, is strongly manifested. In the period 

2012-2013, the country has a negative balance within EUR 253 million, an 

indicator of a weakness of production and deep problems of the processing 

industry. In 2017, a positive balance of EUR 4 million was reported. During the 

period 2017-2022, exports are already sustainably outpaced the import of food and 

reports an ascending trend of Bulgarian export trade. The aim of the study is to 

analyze the comparative advantages found in food trade. The Balassa method is 

applied, which expresses the effective side when measuring the competitiveness of 

the food production sub-sector. It refers to indicators comparing trade indicators to 

assess the market share of the sub-sector nationally and internationally. The results 

show the extremely low importance of the sub-sector in the world production of 

food products. The reasons for this can be sought in the unstable world markets, the 

limited access of raw materials for food production, the difficulties in logistics 

caused by the war in Ukraine, which exerted great pressure not only on the 

Bulgarian food industry, but also on the traditionally strong economies of the 

world. Despite the good comparative advantages that Bulgaria has as a net 

producer of raw materials for the food industry, this potential is not realized in the 

international trade of food products. 

 

Keywords: competitiveness, export, food products, Bulgaria. 

 

INTRODUCTION 

The Food industry branch includes two sub-branches "Food" and "Beverages". The 

sub-sector "Production of food products" occupies an extremely important place in 

the processing industry and the economy of Bulgaria as a whole. In a historical 

aspect, the foreign trade exchange for the period 1995-2010 increased more than 

three times, and until 2006 the trade balance was positive (Boneva, 2012). The 

comparative competitive advantages of the Bulgarian food industry on the 

mailto:angel.sarov@gmail.com
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European market until 2010 are primarily due to low unit labor costs and higher 

production efficiency (Kovacheva et al., 2011). According to Zhelev and Tzanov 

(2012), for the period 2002-2009, export competitiveness is a low performance of 

exports in terms of diversification, factor intensity and technological complexity. 

The majority of the trade in food production is realized within the European 

Union’s member states, and there is an untapped potential for the realization of 

trade exchange on the world market. After the accession of Bulgaria to the EU in 

2007, the RCA index increased, and after 2009 it exceeded 2.0, which indicates 

improved international competitive positions of the sector (Kopeva et al., 2016). 

After joining the EU, Bulgaria has changed its foreign trade structure, but the 

decrease in exports and increase in imports in 2017 of processed food products 

requires a comprehensive export strategy in order to strengthen its competitiveness 

(Ignjatijević et al., 2021).  

The purpose of this study is to make a thorough analysis of the state and trends in 

the foreign trade turnover in the trade in food products, which are taking place in 

the industry, with an emphasis on 2021 and 2022, with monitoring of the dynamics 

of the last 10 years, including the period after 2012. 

 

MATERIAL AND METHODS 

Data from Eurostat and the National Statistical Institute - Bulgaria (NSI) were used 

to develop the analysis. The reported results for 2021 and 2022 were reviewed and 

compared sequentially to the average data for the periods 2012/2013 and 

2017/2018. This allows to trace the trend towards a five-year and ten-year period in 

the development of individual areas and indicators, as well and to analyze changes 

and variations between individual quantities. Competitiveness is tracked as an 

outcome of foreign trade performance. For this purpose, some of the well-known 

Balassa indices were used, which refer to the share of the local sector in the 

European export of the relevant group of products (RCA1), how important the 

respective products are for the Bulgarian foreign trade turnover (RCA2) and, 

accordingly, whether the country is net importer or exporter for these products 

(RCA3). Balassa's method (Balassa, 1965) presents the discovered comparative 

advantages in trade and practically expresses the resulting side in measuring the 

competitiveness of the food production sub-sector. It refers to indicators comparing 

trade indicators to assess the market share of the sub-sector nationally and 

internationally. 

 

RESULTS AND DISCUSSION 

The foreign trade turnover of the food subsector for the period 2012-2022 

increased more than two and a half times (Figure 1). The level of imports during 

the period steadily outstripped food exports until 2013, an indicator of production 

weakness and tangible problems of the processing industry. Despite the good 

comparative advantages that Bulgaria has as a net producer of raw materials for the 

food industry, until this period it failed to realize the potential in the international 

trade of food products, and hence to increase the added value, respectively the 
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GDP of the country. After the accession of Bulgaria to the EU in 2007 and the 

liberalization of trade, the integration of the country into the common market, not 

only in the European Union, but also in third countries, is strongly manifested. This 

trend was maintained until 2016. In the period 2012-2013, Bulgaria had a negative 

balance of EUR 253 million, and in 2017, a positive balance of EUR 4 million was 

recorded. During the period 2017-2022, the export has already steadily overtaken 

the import of food products and at a rapid pace it manages to contribute to the 

positive trade balance of the country, reaching EUR 900 million in 2022, followed 

by 2012 with EUR 337 million. 

 

 
Figure 1. Trade balance in food production in Bulgaria 

Source: Eurostat and own calculations 
 

Food exports from €1,318.4 million in 2012 will reach €4,621 million in 2022, or 

an increase of over 250%. A noticeable increase in nominal terms is reported for 

2022 compared to 2021 – over €1,813 million, which is about 65%. Taking into 

account inflation of 25.7% (NSI) for the two years, the real increase in exports is 

just under 40%. On average, for the period 2017/2018 compared to 2012/2013, 

exports increased by more than €600 million and reached 1956.4 euros. 

Regarding the import of food products, as mentioned, a double increase is noted. 

For the period 2012-2022, the increase is 129% in nominal terms, or from €1,621 

million in 2012, imports in 2022 reach €3,720 million. Naturally, this increase 

should be adjusted with the inflation reported by NSI for the ten-year period. 

The RCA1 index has a value of less than 1, indicating the extremely low 

importance of the subsector in global food production (Table 1). Bulgaria has an 

insignificant share in world trade and this is evident from the obtained index. On a 

year-on-year basis, it increased very slightly from 0.0003 in 2012/2013 to 0.0004 

in 2017/2018. In 2021, the index increased more than three times and reached 
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0.0013, and in 2022 it was 0.0018. The low indices obtained for RCA1 can be 

taken as a disadvantage of this indicator, due to the fact that smaller economies 

have a relatively insignificant share of world trade. Despite the relatively low 

indices in the first two periods, in 2021/2022 the country receives a higher 

assessment of the competitiveness of the food production subsector in international 

trade. The improvement of the subsector's position is proof of its establishment in 

the world markets. Naturally, this should not mislead to drawing wrong 

conclusions, bearing in mind the growing tendency for Bulgaria to be a net 

exporter of raw materials with low added value for food production, despite the 

positive trade balance and advantages as a net exporter of food products with high 

added value. It is known that the country loses from lost profits not only in the sub-

sector, but also in the economy as a whole. However, the tripling of the RCA1 

competitiveness index for the period 2012-2022 should be taken into account. 

The RCA2 index shows the role of exports of the food production subsector in 

national and international trade (Table 1). Its calculation is a function of the share 

of food exports in a national aspect relative to the share of exports in international 

trade of the subsector. The closer the index is to 1, the more important the group in 

question is to the national economy, occupies strong positions in international 

markets and, accordingly, has strong comparative competitive advantages in world 

trade. Sometimes the application of RCA2 gives some high and inaccurate 

coefficients - especially when the share of a given commodity group in the 

country's exports is significant, but its share of international exports is extremely 

low. Most often, this is possible to obtain in small countries such as Bulgaria with 

modest indicators of the economy and especially for some product groups in 

Bulgarian exports, such as food production. 

 

Table 1. Import and export of food production. comparative advantage ratio (RCA 

1; RCA 2; RCA 3 index) 

Indicators 2012 2013 

Average 

2012/201

3 

2017 2018 

Average 

2017/201

8 

2021 2022 

Export sector 

BG, 

million euro 1318,4 1451,8 1385,1 1937,4 2035,5 1986,4 2808,4 4620,9 

EU export 

sector, 

billion euro 4155.8 4168.3 4162.0 4839.2 5073.9 4956.6 2180.7 2572.1 

RCA1- 

Presence of the 

goods in 

European 

exports 0.0003 0.0003 0.0003 0.0004 0.0004 0.0004 0.0013 0.0018 

Total export 

BG, 

million euro 

27153,

5 

27791,

5 27472,5 35183,2 

36928,

6 36055,9 

43631,

7 

59368,

9 

EU total export, 

billion euro 5178.5 538.0 5279,5 6314.4 6647.9 6481.1 7395.0 8959.2 
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RCA2 - 

Relation of 

RCA1 to 

general trade 0.061 0.067 0.064 0.072 0.072 0.072 0.218 0.271 

Import sector 

BG, 

million euro 1621,9 1654,7 1638,3 1933,2 1959,3 1946,3 2471,4 3719,7 

RCA3 – The net 

trade of the 

commodity -0.10 -0.07 -0.08 0.00 0.02 0.01 0.06 0.11 

Source: Eurostat and own calculations 

 

For the period 2012-2018, the RCA2 index falls in the range of 0.062 to 0.072, 

which shows that Bulgaria does not have a high comparative competitive 

advantage and is not in a position to compete with food production on world 

markets. The place of the subsector in the national economy and, accordingly, the 

share in international trade in recent years is not particularly significant. For the 

period 2021-2022, the index increases more than three times compared to the 

averages for the period 2012-2018. In 2021, RCA2 is 0.218, reaching 0.271 in 

2022. This indicates that the food production subsector is increasing its position in 

international markets, albeit minimally. The increase in the index at the end of the 

considered period shows a relative increase in the comparative competitive 

positions of Bulgarian foods in world trade. The reason for this should also be 

sought to a large extent from external factors affecting trade, more specifically, the 

negative effect of COVID-19 did not affect the country as much as other countries 

with which Bulgaria competes on the international markets. In addition, we should 

add the difficulties of supplying the world markets with raw materials for the food 

industry, which arose after the war in Ukraine at the beginning of 2022. All this 

contributes to the food subsector increasing its role in our export nomenclature and 

growing even more - a large share in our trade balance compared to the place of 

food in world trade. Regardless of the fact that for some food groups Bulgaria does 

not have a tangible presence on international markets, they occupy an extremely 

exclusive presence in our trade balance. 

The RCA3 index expresses the trade balance, i.e. the ratio between total exports 

and imports of a specific product group. Naturally, positive and negative values can 

be obtained. Positive values indicate a revealed comparative competitive advantage 

(total exports outpace food imports), and negative values indicate a comparative 

competitive disadvantage (food imports outpace exports). However, in the 

application of such RCA indices, an assumption should be made that the observed 

trade relationships may be affected by government interventions such as import 

restrictions, export subsidies and other protectionist policies of governments and 

may distort the RCA indices to some extent. As a result, it is possible to make 

misconceptions about comparative advantage. For the period 2012-2013, the RCA3 

index has a decreasing negative value within - 0.1 - 0.07 and on average - 0.8. The 

index for 2017 presents an improvement, leveling at zero. This shows a 

strengthening of export positions from Bulgaria compared to food imports on 
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international markets. In 2018, the country has permanently maintained its 

presence in world exports and the index is a positive 0.02. RCA3 reports a 

noticeable increase in 2021 and 2022, respectively 0.06 for 2021 and an increase to 

0.11 for 2022. Despite these minimal increases, the upward trend of Bulgarian 

export trade relative to imports of the production subsector should be taken as a 

positive sign for the period under consideration. Over a ten-year period, the sub-

sector "Production of food products" managed to stabilize its presence and increase 

its role in international markets. The reasons for this can also be sought in the 

unstable world markets, lack of raw materials for food production, and difficulties 

in logistics caused by the war in Ukraine, which exerted great pressure not only on 

the Bulgarian food industry, but also on the traditionally strong economies of the 

world. 

 

CONCLUSIONS 

Despite the good comparative advantages that Bulgaria has as a net producer of 

raw materials for the food industry, until this period the country failed to realize the 

potential in the international trade of food products, and hence to increase the 

added value, respectively GDP. During the period 2017-2022, the export steadily 

outpaced the import of food products and quickly managed to contribute to the 

positive trade balance of the country. The RCA1 index has a value of less than 1, 

indicating the extremely low importance of the subsector in global food production. 

The increase in the RCA2 index at the end of the considered period shows a 

relative increase in the comparative competitive positions of Bulgarian foods in 

world trade. The reason for this should also be sought to a large extent from 

external factors affecting trade, more specifically the negative effect of COVID-19 

did not affect the country to such a high degree as other countries with which 

Bulgaria competes on the international markets, the index. RCA3 has a decreasing 

negative value in the range - 0.1 - 0.07 and on average - 0.8, which indicates a 

strengthening of export positions from Bulgaria compared to food imports on 

international markets. Over a ten-year period, the sub-sector "Production of food 

products" managed to stabilize its presence and increase its role in international 

markets. 
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ABSTRACT 

The majority of farmers in the state of Paraiba, located in the northeast of Brazil, 

practice rainfed agriculture, which depends on rainfall for its full development. The 

crops studied in this research are rice, beans, cassava and corn, that are mostly 

grown in the state, especially by family farmers. These crops provide income, 

occupation and food security for families. The specific objectives of the research 

are: to assess whether these rainfed crops have sustainable yields and incomes as a 

result of climate variability in the state between 1945 and 2020; and to assess 

whether rainfall instabilities interfere with the production forecast for these crops. 

Crop production data was taken from the Brazilian Institute of Geography and 

Statistics (IBGE). Annual rainfall data for the state was collected from the National 

Oceanic and Atmospheric Administration (NOAA). The research used the Box and 

Jenkins method to draw the trajectories of productivity and aggregate income per 

hectare. Geometric Growth Rates (GGR) were estimated to assess whether there 

was sustainability in productivity and income over the period investigated. The 

results show that the state had high rainfall instability (measured by a coefficient of 

variation of 26%) and that rainfall interferes in predicting aggregate productivity, 

but does not directly interfere in predicting aggregate income per hectare of the 

crops studied. In general, farmers were able to maintain sustainable agricultural 

production in Paraiba and were self-resilient to the effects of the stresses caused by 

the unstable rainfall observed during the period studied. 

 

Keywords: Brazilian semi-arid region, rain fed crops, Box and Jenkins model, 

Sustainable productivity and income, drought. 

 

INTRODUCTION 

The semi-arid climate is marked by high temperatures, low humidity and high 

rainfall variability, which are concentrated in a short period of the year, with 

frequent years of drought (Marengo et al., 2017; Salviano et al., 2020). This 

climatic instability, together with the degradation of natural resources, affects the 
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distribution and production of crops, increasing the risks of inadequate agricultural 

practices.  

Productivity is already suffering negative impacts, highlighting the need for 

farmers and policymakers to adapt (Lobell et al., 2011; Nelson et al., 2010). 

The growth of Brazilian agriculture took place under a model of land 

concentration, mainly affecting the North and Northeast regions. In the semi-arid 

region, the population faces climatic, economic and social vulnerabilities, 

especially in rural areas. Farmers, mostly grow rainfed crops, and are dependent on 

irregular rainfall and poor soil quality to determine productivity (Lemos, 2020). 

Despite these difficulties, farmers develop adaptive methods to cope with rainfall 

instability, demonstrating adaptive capacity or self-resilience (Devendra, 2016; 

Praxedes, 2021). This behavior fits into the concept of Climate Resilient 

Agriculture (CRA). In the semi-arid region of Paraiba, farmers apply techniques 

that indicate CRA practices (Bezerra, 2022; Praxedes, 2021; Rao et al., 2016). 

In the state of Paraíba, Brazil, the crops of beans, cassava and corn, and to a lesser 

extent rice, are essential, widely cultivated and important for food security and the 

family economy, according to the 2017 Agricultural Census (IBGE, 2019). These 

rainfed crops are mainly grown by family farmers and are essential for food 

security and family income (Costa Filho, 2019; Pereira; Silva Junior, 2018; 

Salviano, 2021). 

This study seeks to answer whether rainfed crops of rice, beans, cassava and corn 

in Paraíba are resilient to the climate. The aim is to assess the resilience of these 

crops to climate instability from 1945 to 2020. Specifically, we intend to: a) 

analyze rainfall in Paraíba from 1901 to 2020, classifying it into dry, normal and 

rainy periods; b) create an index that evaluates the synergy between the production 

variables of rice, beans, manioc and corn from 1945 to 2020; and c) verify the 

resilience of agricultural production by analyzing the relationship between the 

index created and the rainfall observed. 

 

MATERIALS AND METHODS 

The data used in this work is of a secondary nature. The annual rainfall of the state 

of Paraíba, in millimeters, for the years 1901 to 2020, was extracted from the 

Global Historical Climatology Network-Monthly (GHCN-M) of the National 

Oceanic and Atmospheric Administration (NOAA, 2022). The data on agricultural 

production of rice, beans, manioc and corn in Paraíba from 1945 to 1973 was 

obtained from the IBGE Statistical Yearbooks, and from 1974 to 2020, from the 

Municipal Agricultural Survey (IBGE, 2021). The variables used were: annual 

rainfall (1901-2020); harvested areas (ha/year); annual yields (kg/ha); and annual 

prices (R$/kg) for rice, beans, cassava and corn, corrected to 2020 values by the 

General Price Index-Internal Availability (IGP-DI) of the Getúlio Vargas 

Foundation. 

For the first objective, the years were organized into each period based on the 

fluctuations of half the standard deviation (SD) around the average rainfall 

observed over the years analyzed: Dry (RF < Average – 0.5 SD), Normal (RF = 
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Average ± 0.5 SD), Rainy (RF > Average + 0.5 SD), as defined by Lemos and 

Bezerra (2019). 

We assess whether the averages of the rainfall periods (RF) are numerically and 

statistically different using dummy variables: RFt = β0 + β1D1 + β2D2 + Єt. Where, 

D1 = 1 in the normal period and D1 = 0 in the other periods; D2 = 1 in the rainy 

period; D2 = 0 in the other periods; D1 = D2 = 0 in the dry period. The random 

term Єt, by hypothesis, is white noise, and the coefficients can be estimated using 

the Ordinary Least Squares (OLS) method (Wooldridge, 2015).  

If the linear coefficient β0 is statistically different from zero, with D1 = D2 = 0, this 

is the average rainfall for the dry period; if β1 is statistically different from zero, 

with D2 = 0 and D1 = 1, the average rainfall for the normal period differs from the 

other periods. If the β2 coefficient is statistically different from zero, with D1 = 0 

and D2 = 1, the average rainfall for the rainy season will differ from the other 

periods.  

The level of stability/instability of the rainfall averages in each period was 

indicated by the coefficient of variation (CV), which measures the percentage 

relationship between the standard deviation and the mean. The CV classification is: 

CV < 10% (low); 10% ≤ CV ≤ 20% (medium); 20% ≤ CV ≤ 30% (high); CV ≥ 

30% (very high) (Gomes, 1985). 

In this study, it is assumed that the measurement of crop resilience can be 

reproduced by constructing a Dryland Crop Resilience Index (IRLS) for the years 

1945 to 2020, with subsequent analysis of the fluctuation of this index in relation to 

the rainfall periods defined in objective “a”. Factor analysis (FA) was used to find 

the interaction between the variables selected for this stage, using the principal 

component decomposition method. The criteria adopted in the factor analysis were: 

rejection of the null hypothesis of Bartlett's test of sphericity with a p-value no 

greater than 10%; Kaiser-Meyer-Olkin (KMO) values above 0.5; variance 

explained by the factors greater than 50%; Varimax rotation method; determination 

of the number of factors by the latent root criterion, selecting factors with 

eigenvalues greater than one (1) (Hair et al., 2009; Fávero & Belfiore, 2017; 

Pallant & Tennant, 2007). 

The coefficients generated in factor analysis are used to calculate factor scores for 

the standardized original variables, transforming them and reducing them to 

factors. These scores have a mean of zero and a variance of one (1). For economic 

phenomena, the indices constructed must be strictly positive (Briguglio & Galea, 

2003; Lemos, 2012). The following Equation is used so that the values only remain 

positive, but without affecting the original relative distances: 𝐹𝑃𝑗 =
𝐹− 𝐹𝑚𝑖𝑛

𝐹𝑚𝑎𝑥−𝐹𝑚𝑖𝑛
. Where F_mine F_max are the minimum and maximum weighted values 

for the factor scores associated with the state in each year observed.  

The Resilience Index for Rainfed Crops (IRLS) is calculated using the arithmetic 

mean, as shown in this Equation: 𝐼𝑅𝐿𝑆𝑡 =  
∑ 𝐹𝑃𝑗

𝑛
. Where IRLSt refers to the 

Dryland Crop Resilience Index associated with the state of Paraíba in year t (t = 

1945, 1946, ..., 2020). These values vary between zero and one. To make it easier 
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to understand, the index is transformed into percentage values, making the highest 

value generated equal to 100 and the others as shown: 𝐼𝑅𝐿𝑆𝑗100 = (
𝐼𝑅𝑗

𝐼𝑅𝑗𝑀Á𝑋𝐼𝑀𝑂

) ×

100.  
To achieve the third objective, the years in which drought occurred in the state of 

Paraíba, as defined in this research, were calculated in sequence and, if there were 

sequences of more than one year in which drought occurred, the arithmetic mean of 

the IRLS for that sequence of years was calculated. The observed sequences of 

normal or rainy years are calculated together and defined as “non-drought” periods. 

Resilience, in this case, can be defined as the ability to recover in non-dry periods 

preceded by a dry period. 

Thus, after defining the “dry” and “non-dry” periods, pairs identified as “after” and 

“before” are assembled, given the occurrence of dry periods. Next, contrast tests of 

means (Student's t-test) are carried out to detect statistically different means 

between the pairs of “before” and “after” groups. In this case, the null hypothesis 

(H0) adopted is: the difference between the average IRLS after the drought period 

and its average before the drought is equal to zero (0). 

 

RESULTS AND DISCUSSION 

This study has 120 years (1901 to 2020) of rainfall observations, with an average 

of 892.0 mm per year and a coefficient of variation of 26.0%, considered high 

according to Gomes (1985) (Table 1). The periods considered dry, normal and 

rainy were defined after analyzing the fluctuation of half a standard deviation 

around the average rainfall observed in the period. 

The period defined as “dry” is one in which the volume of rainfall is less than 

776.0 mm. It was observed that in 40 of the 120 years studied, there was an 

average rainfall of 669.5 mm and a coefficient of variation classified as medium 

(13.9%). The “rainy” period is the one in which there are years with more than 

1008.0 mm of rain, covering 31 years, with an average annual rainfall of 1195.6 

mm and a CV characterized as medium (15.2%). The period defined as “normal” is 

concentrated between the first two, comprising 49 years, average annual rainfall of 

881.6 mm, with low variation around the average volume, given the coefficient of 

variation of 7.8%. 

From the results obtained when comparing the rainfall periods defined in the 

previous stage, using simple regression with the aid of dummy variables, it can be 

seen that all the periods are statistically different at a significance level of at least 

1% (0.000), as well as having a high adjusted R2 (0.752), indicating that the model 

used is well-suited. 

That said, when the values of the dummy variables D1 = D2 = 0, we have the 

average rainfall for the dry period (669.5 mm); when D1 = 1 and D2 = 0, we have 

the average rainfall for the normal period (881.6 mm), and when D1 = 0 and D2 = 

1, we have the average rainfall for the rainy period (1195.6 mm). This confirms the 

hypothesis that rainfall in the state of Paraíba between 1901 and 2020 can be 

ranked as follows: 



AGROFOR International Journal, Vol. 9, Issue No. 3, 2024 

121 

RFRAINY=1195.6 > RFNORMAL=881.6 > RFDROUGHT=669.5. 

In a way, it is known that Paraíba is one of the states with the greatest spatio-

temporal variation in rainfall within the Northeast region, given that its micro-

regions have quite peculiar rainfall characteristics. The Litoral region has rainfall 

ranging from 1,200 mm to 1,600 mm, while the Cariri/Curimataú region has 

rainfall ranging from 300 mm to 500 mm (Francisco et al., 2015). 

This high variability is capable of directly and indirectly affecting activities that 

depend on this natural phenomenon for their full development. This is confirmed 

by Barbosa et al. (2016) who argue that extreme rainfall events are capable of 

causing impacts on agricultural activities, environmental setbacks in urban areas 

and, consequently, on the health of the population. 

To meet the second objective, the Rainfed Crop Resilience Index (IRLS) was 

constructed using factor analysis. The IRLS weighted aggregates the selected 

variables, structured into four estimated factors. 

Table 2 shows that the factor analysis was statistically robust: Bartlett's test 

confirmed that the matrix of 12 variables is not identity, the KMO was 0.724, the 

total variance explained by the four factors was 84.6%, and all the communalities 

were greater than 0.5. 

The factor loadings, ranging from -1 to +1, were all above 0.50, which is 

significant for interpreting the factors generated (Table 2). 

 

Table 2. Results found when estimating the components in which the original 

variables were reduced, with the respective communalities and factor loadings. 

Variables Commonalities 
Factor loadings 

F1 F2 F3 F4 

Harvested area – Rice 0,735 0,388 0,481 0,541 -0,245 

Productivity – Rice 0,945 0,047 0,146 0,045 0,959 

Price - Rice 0,867 0,901 0,078 0,184 -0,126 

Harvested area – Beans 0,934 0,107 -0,230 0,927 0,106 

Productivity – Beans 0,878 -0,130 0,905 -0,050 0,198 

Price- Beans 0,874 0,804 -0,397 0,262 0,020 

Harvested area - Cassava 0,812 0,644 0,264 0,571 -0,036 

Productivity – Cassava 0,644 0,119 0,782 -0,086 -0,108 

Price- Cassava 0,665 0,585 -0,446 0,246 0,252 

Harvested area -Corn 0,978 0,278 0,027 0,948 0,032 

Produtividade– Corn 0,903 -0,199 0,901 0,126 0,187 

Price - Corn 0,913 0,947 -0,019 0,084 0,094 

      

 Results 

Bartlett's test  

Chi - approximate square 834,599 

Degrees of freedom 66 

Significance 0,000 

KMO Test 0,724 

Cumulative variance (%) 84,6 

Source: Survey results (2022). 
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This objective assessed the resilience of rice, bean, cassava and maize crops by 

analyzing the relationship between rainfall and the IRLS index created earlier. The 

averages of the dry and non-dry periods were determined, the latter combining 

normal and rainy years. 

The Student's t-test for paired samples showed that the average for the non-dry 

period was approximately 66.6, while the average for the dry period was around 

57.5, with a difference of 9.1. There was a statistically significant difference at less 

than 5% significance (p = 0.023), rejecting the null hypothesis of equality between 

the averages of the periods. Therefore, the average IRLS index in the non-drought 

period is statistically higher than in the dry period, indicating that agricultural 

production tends to be lower in drought years. The results also included an analysis 

of the averages for the periods before and after the droughts, showing the 

fluctuation of the IRLS indices in these periods, as illustrated in Graph 1. 

 

Source: Prepared by the authors (2022). 
 

Graph 1. Resilience Index of Dryland Crops before and after droughts in Paraíba 

between 1945 and 2020 

 

CONCLUSIONS 

With regard to the classification of annual rainfall from 1901 to 2020 into three 

previously defined periods, the study distinguished 40 years of drought, 49 years of 

normal rainfall and 31 rainy years. Paraíba shows high rainfall instability 

(CV=26%) over the 120 years analyzed, but this variability decreases within each 

period, with the normal period being the most homogeneous (CV=7.8%). 

Annual rainfall has an impact on agricultural productivity, with productivity being 

on average 4% higher in rainy periods compared to dry ones. However, there is no 

direct interference from rainfall in predicting gross income per hectare, since in 
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periods of good rainfall, production increases and prices fall, while in dry periods, 

prices increase due to scarcity. 

The sustainability analysis showed that aggregate productivities were considered 

unsustainable, but aggregate incomes per hectare were sustainable throughout the 

period analyzed, despite a few exceptions. 

To improve the productive and living conditions of farmers in Paraíba, policies to 

mitigate the effects of droughts are necessary. This includes the use of cultivars 

adapted to climate instability and access to rural insurance policies linked to 

PRONAF funding. Access to PRONAF should be facilitated not only by Banco do 

Nordeste, but also by the Technical Assistance, Rural Extension and Rural 

Development services provided by the state government. In addition, it is essential 

to promote safe seed storage practices, such as plate cisterns and community 

reservoirs, and to encourage associativism and cooperativism among farmers in 

order to strengthen the resilience of farming communities in the face of climatic 

challenges.  

This study sought to analyze the effects of rainfall on dryland agricultural 

production in Paraiba. However, the crops analyzed here, despite being widely 

cultivated, do not constitute the totality of crops found in the state. It is therefore 

suggested that further studies be carried out from the perspective of other rainfed 

crops. Furthermore, it is clear that the state of Paraíba has great spatial variability 

in rainfall; not for nothing, the state is divided into six rainfall regions: Agreste, 

Alto Sertão, Brejo, Cariri/Curimataú, Litoral and Sertão. However, the rainfall 

volume used here comprises the total amount observed for the state. This being 

said, it is important to carry out new studies that take into account this particularity 

of the state, in order to ascertain whether the results found here are reflected in all 

these regions. 
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