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 Abstract 
Article Info Tomato is valued for its nutritional importance and contribution to countries' GDP. 

Despite the importance of tomatoes, tomato cultivation remains a challenge in some 
cities, particularly Kumba, Cameroon. This results from a vast knowledge gap for a 
suitable variety and agronomic management practices. Thus this work was set out to 
investigate the response of three tomato varieties under organic, foliar, and granular 
inorganic fertilization at the Kumba I subdivision. This work comprised two factors; 
variety having three levels (Cobra F1, Rio Grande, and Kiara tomato varieties) and 
fertilization having four levels (control, NPK 20:10:10 granular fertilizer, Foliar NPK 
20:10:10 inorganic fertilizer, and Poultry manure) given twelve treatment 
combinations replicated three times randomly in a factorial design. Data was 
collected on soil physicochemical properties, plant growth parameters and fruit 
yield. The results showed that the variety did not significantly affect soil 
physicochemical properties, but soil physicochemical properties were significantly 
affected by fertilization. Poultry manure had the best OC (5.22 %), Ntot (1.73 g/kg), 
and Pavail (14.63 mg/kg), while K was highest (2.93 meq/100g) in NPK 20:10:10 
granular fertilization. Rio grande, in combination with poultry manure, had the best 
plant growth; plant height (77.3 cm), number of branches (17), number of leaves 
(197), and leaf area (47.1 cm2). Cobra F1, in combination with foliar NPK 20:10:10 
granular and poultry manure, had the best fruit yield; 13.42 tha-1 and 13.56 tha-1, 
respectively while Kiara variety at the control treatment had the lowest yield (8.36 
tha-1). Thus Cobra F1 variety in combination with poultry manure yielded the best 
result from this study and offers the best option for tomato cultivation in the sandy 
clay soils of Kumba, Cameroon. 

Keywords: Soil fertility, varieties, synthetic fertilizer, yield. 
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Introduction 
The mainstay of Cameroon's economy is agriculture, which harbors 44 % of the country’s GDP serving the role 
of employment and food production (BCA, 2019). Tomato is a fruit vegetable grown in Cameroon. Tomato has 
massive economic value through its huge exportation and local consumption rate, significantly improving 
farmers' standard of living and adding to Cameroon's agricultural GDP (FAOSTAT, 2018). It is endowed with 
numerous nutritional benefits solely or in combination with other foodstuffs that have drifted so much 
production and consumption attention towards itself (Ingenbleek et al., 2017). With an increasing production 
of above 130 million tons annually, tomato is the largest vegetable category worldwide due to it nutritional 
and economic benefits (Ravindran et al., 2019). China, the EU, India, the US, and Turkey are the top 5 tomato-
producers, accounting for about 70% of global production (ED, 2016). With an anticipated 889,800 tons of 
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production and a 9.4% yearly growth rate, Cameroon is ranked as Africa's fifth-largest tomato producer (Tolly 
and Kamtchouing, 2016). 

Tomato is grown in Cameroon's third, fourth, and fifth agro-ecological zones (Kirui and Abiodun, 2017) due 
to their favorable climatic and edaphic factors (Norbert et al., 2017). Nonetheless, tomato production in some 
cities like Kumba in the meme division of the fourth agro-ecological zone is challenging (Kimengsi and Tosam, 
2013). This is because Kumba is characterized by unfavourable climatic conditions, high ambient 
temperatures, drought, soil fertility challenges, and a high incidence of diseases and pests (Kimengsi and 
Tosam, 2013; Okolle et al., 2014). Also, inadequate knowledge of tomato production reduces farmers’ yield in 
Kumba, which could be attributed to wrong variety, fertilization, and management choices (Okolle, 2019; 
Nkongho et al. 2022). Therefore, farmers tend to abandon tomato cultivation and go for the production of 
other crops while buying tomatoes from other cities like Limbe, Buea, Bamenda, Tiko, Foumbot, and Dschang, 
which also suffer quality losses over time (Mengui et al., 2019). Thus this warrants the development of an 
adaptive tomato variety, fertilization, and management regime for tomato production to alleviate the 
population of Kumba from the tomato inland transportation challenges while enhancing their tomato 
production knowledge (Naz et al., 2018; Ngosong et al., 2018; Agbor et al., 2022a). Therefore, this work seeks 
to evaluate the growth and yield performance of three tomato varieties under different fertilizer regimes in 
the sandy clay soils of Kumba I Municipality in the Southwest Region of Cameroon. 

Material and Methods 
Research area description 

This research was done in the Kumba I subdivision, Meme division of the Southwest Region, in Cameroon, 
with geographical coordinates: 4°38′N 9°27′E, 240 m above sea levels. Kumba lies in the Humid Forest Agro-
ecological zone IV with a mono-modal rainfall regime (IRAD, 2013). The equatorial climate of Kumba has two 
seasons: the dry season, which lasts from November to March, and the rainy season, which lasts from April to 
October. The average annual rainfall in Kumba is between 3000 and 4000 mm. The mean annual relative 
humidity and temperature are between 70 % to 84 % and 24 ̊ C to 35 ̊ C, respectively, characterized by hot 
days with high intensity of sunlight. Kumba has sandy clay soil, brownish-yellow coloration, with high organic 
matter content (Giresse et al., 1994). 

Tomato nursery establishment 

Three ridges of 2.2 m by 1.2 m each were raised to 20 cm height with a hoe, and 15 kg of poultry manure was 
mixed on the ridges 5 kg per ridge, two weeks before seeding. The ridges were watered and disinfection was 
done using 80 g/15L Mancozep (Fungicide) and 30 ml/15 parastal (insecticide), all mixed in a 15L knapsack 
and sprayed on the bed to get rid of insect pests and diseases. Ten grams of each variety (Cobra F1, Rio grande 
and Kiara) was bought from an agro-shop in Kumba, Cameroon, these varieties were selected for this research 
based on the fact that they are commonly grown in the Sahelian and Tropical areas as seen in Mahbou et al. 
(2022) and Ngosong et al. (2018). Each variety was seeded on the respective ridge by broadcasting method, 
followed by watering of the ridges. Plantain leaves were used to cover the ridges to create a microclimate for 
rapid germination of tomato varieties and were removed three days after germination.   

Experimental design and treatments 

The experimental field of 208 m2 was cleared with a cutlass and raked. The design was a 3 by 4 factorial design. 
Factor one was variety with three levels; Cobra F1, Rio Grande, and Kiara tomato varieties. While factor two 
had fertilizer types of four levels; control, NPK 20:10:10 granules at rate of 300 kgha-1 (Ilupeju et al., 2015), 
Foliar NPK 20:10:10 fertilizer 50 g per 15 L knapsack , and Poultry manure applied at the rate of  10 tha-1 
(Ilodibia and Chukwuma, 2015).. This gave a total of 12 variety and fertilization combination treatments. The 
treatments were replicated three times giving 36 plots. Thirty six ridges of 4.30 m by 1.7 m each were raised 
25 cm above the ground with the aid of a hoe. Treatments within a replicate were separated with a 0.5 m 
distance, while replicates were separated with a 1 m distance. Planting spots were dug and pegged at distances 
of 75 cm by 50 cm (Mahbou et al., 2022) giving 6 intra-row and 3 inter-rows, equaling 18 stands per plot.  

Table 1. Treatments 
                                          Cultivar 
Fertilizer levels 

Tomato Cultivars 
Cobra F1 (CF1) Rio Grande (RG) Kiara (K) 

Control (C) CCF1 CRG CK 
NPK 20:10:10 granules (NPK) NPKCF1 NPKRG NPKK 
Foliar fertilizer (FF) FFCF1 FFRG FFK 
Poultry manure (PM) PMCF1 PMRG PMK 

http://ejss.fesss.org/10.18393/ejss.1365143
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  CCF1  NPKCF1  FFCF1  PMCF1  
          
Replicate 1  CRG  NPKRG  FFRG  PMRG  
          
  CK  NPKK  FFK  PMK  
 
  NPKCF1  FFCF1  PMCF1  CCF1  
          
Replicate 2  NPKRG  FFRG  PMRG  CRG  
          
  NPKK  FFK  PMK  CK  
 
  FFCF1  PMCF1  CCF1  NPKCF1  
          
Replicate 3  FFRG  PMRG  CRG  NPKRG  
          
  FFK  PMK  CK  NPKK  
          

Figure 1. Factorial design experimental layout 

Seedling transplant: Seedlings of the three varieties were transplanted to their respective experimental plots 
at a planting distance of 75 cm by 50 cm at a 3 cm depth following the spots (Table 1, Figure 1). Per stand, two 
seedlings were initially transplanted before being culled to  one (Ngosong et al., 2018), one week after 
transplanting. Prior to and after the transplanting, the plots were irrigated using watering can. 

Field management 

Weed management and irrigation: Weeding was done by hand, and the use of hoe weekly based on the need. 
Watering was done twice a day, in the morning and evening, during periods of no rain.  

Management of diseases and pests: 80 g/15L Mancozep and 30 mL/15L parastar, all mixed in a 15L 
knapsack and sprayed on the bed to get rid of insect pests and diseases weekly. 

Staking of tomato plants: Staking was done in the fourth week after transplanting by drilling 60 cm sticks, 
10 cm into the soil about 10 cm away from the root zone of the plant. Staking was done to support tomato 
plants to grow upright, preventing branches from lying on the soil, improving fruit quality and quantity, and 
preventing soil-borne diseases.  

Data collection: Five randomly selected plants were tagged for data collection per plot.  

Growth parameters: Vegetative data was collected from 3 weeks after transplanting and continued at 2 week 
intervals. Plant height was measured using a meter rule, the number of leaves, the number of flowers and the 
number of branches were counted and the area of the leaf was measured according to Blanco and Folegatti 
(2003), all recorded as aspects of plant growth. 

Yield data: The yield of tomato plants was collected based on the weight of fruits in tons per hectare. 

Soil and organic manure analysis : At the experimental site, augers were used to randomly collect pre- and 
post-soil samples from a depth of 0 to 15 cm. For the pre-soil analysis, four samples were taken and bulked 
into a single sample. A 2 mm sieve was used to filter the soil sample after it had been air dried. For the post-
soil analysis, soils were collected per replicate per treatment from the field and air-dried. Soil samples were 
sent for analysis at the Soil Science Laboratory of the University of Dschang. The soil texture was sandy clay. 

Utilizing the pipette method and sodium hexametaphosphate as the dispersing agent, the soil's particle size 
was assessed (Kalra and Maynard, 1991). After 24 hours of suspension (solid/liquid = 1/2.5 w/v), the soil pH 
was measured using the potentiometric method in both water (H2O) and 1M potassium chloride (KCl) 
solutions. Using a neutral ammonium acetate solution, exchangeable bases were extracted. Atomic absorption 
spectrophotometry was used to determine the amounts of calcium (Ca) and magnesium (Mg), whereas flame 
photometry was used to determine potassium (K) and sodium (Na) (Jones, 2001). By using the KCL extraction 
procedure, exchangeable acidity was produced (Jones, 2001). The macrokjeldahl digestion process yields the 
total nitrogen (N) (Bremner and Mulvaney, 1982), and the Bray II method is used to determine the availability 
of phosphorus (P) (Jones, 2001). The Walkey-Black method is used to determine the soil's organic carbon 
content (Walkey and Black, 1934).  

http://ejss.fesss.org/10.18393/ejss.1365143
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Statistical analysis 

With P ≤.05, two-way analysis of variance was performed using SPSS version 25 on the physical and chemical 
characteristics of post-soil, growth, and yield parameters to test the aftermath of treatments as categorical 
predictors. Duncan Multiple Range Test (DMRT) was used to distinguish means that were significantly 
different at P ≤ 0.05. 

Results  

Soil chemical properties as affected by sole and interaction of factors 

The soil chemical properties were not significantly affected by the variety factor, whereas the fertilization 
types significantly affected the soil's physicochemical properties.  

Poultry manure raised the soil pH (H2O) to 5.50 while NPK 20:10:10 reduced it to 4.97 without significant 
differences same with soil pH (KCl). Poultry manure had a higher OC content (5.22 %) and the best C/N ratio 
(49), while Ntot content was highest in NPK 20:10:10 (1.73 g/kg). There were fluctuations among fertilizer 
types for exchangeable cations, with poultry manure producing arguably the best results while NPK 20:10:10 
had the highest CEC (18.05 %). Pavail was highest in poultry manure fertilization type. 

Apart from soil pH, the soil's chemical properties were significantly affected by interaction of factors. While 
treatment combinations with poultry manure had the best OC content (Cobra F1 and poultry manure 5.24 %, 
Rio grande and poultry manure 5.14% and Kiara F1 and poultry manure 5.27%) and C/N ratio, treatment 
combinations with NPK 20:10:10 had the highest Ntot. Treatment combinations with poultry manure were the 
best in exchangeable cations as treatment combinations with NPK 20:10:10 dominate CEC. Pavail was highest 
in poultry manure treatment combination. 

Table 2. Soil chemical properties as affected by sole variety and fertilization in sandy clay soil 

 Soil 
properties 

Pre-soil 
analysis 
  

Post soil analysis 

Variety 
  

P=.05 

Fertilization types 
  

P=.05 Cobra F1 
Rio 

grande 
Kiara Control 

NPK 
20:10:10 

Foliar NPK 
20:10:10 

Poultry 
Manure 

pH (H2O) 5.10 5.28ab 5.27a 5.28a 0.999 5.12b 4.97a 5.02ab 5.50a 0.100 
pH (KCl) 4.70 4.56ab 4.56a 4.56a 1.000 4.70a 4.41a 4.72ab 4.77a 0.137 
OC, % 4.60 4.73ab 4.65a 4.76a 0.493 4.50a 4.54a 4.60ab 5.22a 0.000 
Ntot, g/kg 0.82 1.11ab 1.08a 1.11a 0.283 0.74d 1.73a 0.90cb 1.02b 0.000 
C/N 56.00 53.00ab 53.00a 52.00b 0.021 57.00a 53.00b 51.00cb 49.00a 0.000 
Pavail, mg/kg 9.21 11.97ab 11.63b 12.17a 0.001 8.95d 11.48c 12.62bb 14.63a  0.000 
Exchangeable cations, meq/100g             
Ca 1.44 1.46ab 1.45a 1.49a 0.087 1.35a 1.47b 1.50ab 1.53a 0.000 
Mg 1.08 1.10bb 1.09b 1.13a 0.003 1.04c 1.11b 1.14ab 1.13ab 0.000 
K 2.61 2.69ab 2.66b 2.71a 0.013 2.55a 2.93a 2.64bb 2.62b 0.000 
CEC 16.02 16.76ab 16.68a 16.80a 0.564 15.65d 18.05a 17.20bb 16.09c 0.000 

  OC : Organic Carbon; Ntot : Total Nitrogen; Pavail: Available Phosphorus; CEC: Cation exchange capacity 

 

Table 3. Soil chemical properties as affected by interaction of variety and fertilization in sandy clay soil 

  pH (H2O) pH (KCl)) OC Ntot C/N Ca Mg K CEC Pavail 
Cobra F1 Control 5.13a 4.41a 4.54b 0.78ec 57acd 1.35db 1.04ecd 2.55dec 15.66de 8.96fe 
Cobra F1 NPK 20:10:10 4.96a 4.70a 4.53b 1.73ac 53bcd 1.47ab 1.11bcd 2.93acd 18.06ae 11.50ee 
Cobra F1 Foliar NPK 20:10:10 5.01a 4.72a 4.60b 0.90dc 51def 1.50ab 1.14abc 2.64bcc 17.22be 12.70cd 
Cobra F1 Poultry Manure 5.50a 4.77a 5.24a 1.02bc 49fgcc 1.53ab 1.13abc 2.62bcc 16.10cd 14.70ab 
Rio grande control 5.10a 4.41a 4.50b 0.73ec 58acd 1.32db 1.02ecd 2.52ecd 15.58ee 8.77fe 
Rio grande NPK 20:10:10 4.97a 4.70a 4.50b 1.70ac 54bcc 1.46bc 1.09cdc 2.90acd 17.99ae 11.20ee 
Rio grande Foliar NPK 20:10:10 5.02a 4.72a 4.47b 0.87dc 52cde 1.49ab 1.12abc 2.62bcc 17.11be 12.27de 
Rio grande Poultry Manure 5.50a 4.77a 5.14a 1.00bc 50efg 1.51ab 1.11abc 2.60bcd 16.03cd 14.27be 
Kiara Control 5.13a 4.41a 4.47b 0.71ec 56abc 1.39cd 1.06dec 2.58cdc 15.72cd 9.11fe 
Kiara NPK 20:10:10 4.97a 4.70a 4.57b 1.75ac 52cde 1.49ab 1.13abc 2.96acd 18.10ae 11.73ee 
Kiara Foliar NPK 20:10:10 5.02a 4.72a 4.73b 0.94cd 50efg 1.52ab 1.16acd 2.66bcd 17.26be 12.90ce 
Kiara Poultry Manure 5.50a 4.77a 5.27a 1.04bc 48gcd 1.55ab 1.15abc 2.63bcc 16.14ce 14.93ae 
  0.100 0.847 0.000 0.000 0.00 0.000 0.000 0.000 0.000 0.000 
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Effect of variety and fertilization on tomato growth performance 

Effect of variety and fertilization and their interaction on tomato growth 

Variety significantly affected the growth of tomatoes (Table 4). Rio grande had the highest vegetative 
performance of all the varieties cultivated in the sandy clay soils of Kumba. Plant height was highest in Rio 
grande (71.2 cm), so was the number of leaves (180), leaf area (37.8 cm2), number of branches (15), and the 
number of flowers (109), all significantly different from Cobra F1 and Kiara varieties.  

Table 4. Effect of variety and fertilization on tomato vegetative parameters 

 Plant height (cm) Number of leaves Leaf area (cm2) Number of branches Number of flowers 
Variety      
Cobra F1 67.5b 170b 34.5b 14b 95b 

Rio grande 71.2a 180a 37.8a 15a 109a 

Kiara 63.8c 161c 30.4c 12c 92b 

Significance level 0.01 0.000 0.000 0.000 0.000 
Fertilization      
Control 58.9c 142d 24.2d 9c 71b 

NPK 20:10:10 66.8b 171c 31.0c 14b 109a 

Foliar NPK 20:10:10 70.5ab 180b 37.3b 15ab 105a 

Poultry manure 73.9a 198a 44.3a 16a 110a 

Significance level 0.000 0.000 0.000 0.000 0.000 

 

Applied fertilization significantly affected Tomato growth parameters (Table 4). Poultry manure had the 
highest plant height (73.9 cm), number of leaves (198), leaf area (44.3 cm2), number of branches (16), and 
number of flowers (110), which was significantly different from the other treatments. 

Factors interaction showed significantly different effects on tomato growth parameters across treatment 
combinations (Table 5). Rio grande poultry manure treatment had the highest plant height (77.3 cm), with the 
lowest in Kiara control treatment (55.7 cm). Most leaves (197) were counted in Rio grande poultry manure 
treatment, with the fewest leaves seen in the Kiara control treatment (131). Rio grande poultry manure 
treatment produced the largest leaf area (47.1 cm2), while the Kiara control treatment produced the smallest 
leaf area. A similar trend was observed for the number of branches and flowers recorded.  

Table 5. Interaction effect of variety and fertilization on tomato vegetative parameters 

Treatment Plant height  
(cm) 

Number of  
leaves 

Leaf area  
(cm2) 

Number of 
branches 

Number of 
flowers 

Cobra F1 Control 59.0dee 140fe 24.6fg 9fee          68fee 

Cobra F1 NPK 20:10:10 66.1cde 171cd 30.3de 15bcd 108bcd 

Cobra F1 Foliar NPK 20:10:10 70.7abc 180bc 37.5bc 15bcd 100dee 

Cobra F1 Poultry Manure 74.3abe 190ab 45.9ae 16abc 104cde 

Rio grande Control 62.1dee 155ee 27.3ef 11eee 80eee 

Rio grande NPK 20:10:10 71.0abc 179bc 36.6bc 16abc 114abc 

Rio grande Foliar NPK 20:10:10 74.3abe 190ab 40.2be 17abe 119abe 

Rio grande Poultry Manure 77.3aee 197ae 47.1ae 18aee 123aee 

Kiara Control 55.7eee 131fe 20.7ge 7fee 64fee 

Kiara NPK 20:10:10 63.3cde 163de 26.2ef 11eee 105cde 

Kiara Foliar NPK 20:10:10 66.4bcd 170cd 34.2cd 13dee 97dee 

Kiara Poultry Manure 70.1abc 180bc 40.3be 14cde 102dee 

Significance level 0.000 0.000 0.000 0.000 0.000 

Effect of variety and fertilization on tomato fruit  yield 

Tomato fruit varied significantly (P = 0.01) across the varieties. The Cobra F1 variety had the highest fruit yield 
with 12.34 tha-1, followed by Rio Grande with 11.82 tha-1 and Kiara with 11.18 tha-1 (Figure 2)  

Fertilization treatments showed significant differences (P = 0.001) in tomato fruit yield. The Poultry manure 
treatment produced the highest fruit yield with 13.13 tha-1, followed by the foliar NPK 20:10:10 treatment 
with 12.85 tha-1, and NPK 20:10:10 treatment with 12.29 tha-1. The Control treatment had the lowest fruit 
yield with 8.72 tha-1 (Figure 3) 

Tomato fruit yield experienced a significant (P =0.01) effect of the interaction between variety and fertilization 
(Figure 4). Cobra F1 poultry manure treatment yielded the highest (13.56 tha-1), followed by Cobra F1 foliar 
NPK 20:10:10 treatment (13.42 tha-1) with the least yield from the Kiara Control treatment (8.36 tha-1). 
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Figure 2. Effect of variety on fruit yield Figure 3. Effect of fertilization on fruit yield 

 

 
Figure 4. Interaction effect of variety and fertilization on number of tomato fruits 

Discussion 

Response of tomato varieties and fertilization on soil chemical properties  

Generally, there was little effect on soil chemical properties by tomato varieties, as shown by the results. This 
is because the performance of varieties is a function of phenotypic and environmental factors combined with 
agronomic practices. Thus under the experimental setting, the agronomic and phenotypic factors enhance 
variety growth while the environmental factor was favored by better management (Healy et al., 2017; Ketema 
and Beyene, 2021). On the other hand, fertilization significantly affects the soil's chemical properties, with 
poultry manure showcasing prowess in enhancing soil chemical properties (Hasnain et al., 2020; Alaboz et al., 
2022). The poultry manure buffered the soil pH positively, which makes more nutrients available, whereas 
NPK 20:10:10 further dampens the acidic pH under which nutrients like phosphorus are fixed to the metallic 
ions and become less available (Brunetti et al., 2019). 

Interaction of varieties and fertilizer types showed that poultry manure in combination with variety achieved 
better results, which falls in line with other studies (Hassnain et al., 2020). This is not only emanating from 
the rich nature of the poultry manure as the best livestock manure but also because it supplies more energy, 
carbon source, and suitable pH to the soil, which enables beneficial microorganisms to thrive, leading to the 
solubilization and fixation of nutrients (Lin et al., 2019). Granular NPK 20:10:10 unveiled the second best 
result after poultry manure. This is because synthetic fertilizer makes the nutrients available momentarily and 
may lead to leaching. Also, it negatively affects pH, as disclosed by this study which translates to less nutrient 
availability due to fixation to metallic ions. Foliar NPK 20:10:10 leads to more nutrient-used efficiency as 
demonstrated by other studies which is reflected in this research results (Schütz et al., 2018). Control in 
combination with variety, least affected soil chemical properties, the values obtained were less than those of 
pre-soil as the was an output of nutrients by varieties without any input (Farjana et al., 2019). 
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Performance of tomato in response to variety, fertilization, and their interaction 

The growth parameters were positively affected by the variety and fertilizer factors. Rio grande tomato variety 
had the best growth, showing that vegetatively, it is more adapted to the Kumba area of Cameroon. Perhaps, 
due to its ability to better use the nutrient in the sandy clay soils, its genetic makeup may also align with the 
area's environmental component, leading to more growth performance (Shushay et al., 2013). Cobra F1 variety 
is known for its outstanding growth performance in the volcanic soils of Buea; thus, being second best in 
Kumba is not surprising as the two areas are neighbors with some similarities (Ngosong et al., 2018). Kiara 
variety was the least adaptive and thus is not a good variety to adopt for this area as revealed by this study 
(Saleem et al., 2013; Healy et al., 2017). Like the varieties, fertilization enhanced tomato performance by 
supplying adequate nutrients. Control had the least performance as no input means less growth. Poultry 
manure resulted in the best growth result, followed by foliar NPK 20:10:10, due to the high nutrient content 
in poultry manure and efficiency of nutrients utilization in foliar NPK 20:10:10 (Mesallam et al., 2017; Fan et 
al., 2023). Granular NPK 20:10:10 came third, which may have been affected by nutrient volatilization due to 
high solarisation, leaching due to high rainfall, and other factors (Bilalis et al. ,2018; Naz et al., 2018).  

Cobra F1 variety had the best fruit yield compared to the other varieties as a variety and in interaction with 
fertilization. This is due to low flower abortion compared to the other varieties. Also, different tomato varieties 
possess genetic variations that influence their fruiting characteristics, such as fruit size and yield potential 
(Lippman et al., 2007). Thus Cobra F1 variety possessed genetic traits that were more adapted to the 
environment than the other varieties, this result is supported by Ngosong et al. (2018) who stated Cobra F1 
variety as adapted variety in Sahelian and Tropical areas. Poultry manure yielded the best fruit yield compared 
to the other fertilizations as fertilization and in interaction with the varieties as reveal by this study, which is 
in line with Shehata (2018). This is due to the nutrient slow release nature of poultry manure, ensuring 
sufficient nutrients for plant uptake at all stages of growth, unlike synthetic fertilizers, which are fast in 
nutrient releasing, and the plants can be lacking in nutrients at some stages (Naz et al., 2018; Chatzistathis et 
al., 2020). Despite the high flower production of the Rio grande variety, less fruit yield was recorded due to 
the high rate of flower abortion, maybe due to little pollination and shrinking of immature fruits (Agbor et al., 
2022b). Kiara had the least fruit yield, which is in line with less growth performance (Healy et al., 2017). 

Conclusion 
The result of this study shows that Cobra F1 is the most performing variety given the best yield shown. All the 
fertilization except control successfully increased the yield of tomato varieties, but poultry manures produced 
the most desired outcome, considering that it is eco-friendly. Although the inorganic fertilizers increase fruit 
yield, their adverse effect on the soil, like decreasing soil pH, makes them not sustainable options for crop 
production, especially for the sandy clay acidic soils of Kumba. Thus for optimal and eco-friendly tomato 
production in Kumba, the farmers should adopt organic fertilization in combination with the Cobra F1 variety. 
Rio grande variety has good vegetative growth but experiences a lot of flower abortion, and fruits shrink 
before maturity, while the Kiara variety is not well adapted to the environment. 
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 Abstract 
Article Info Soil plays a pivotal role in ecosystem health and agricultural productivity. This study 

focuses on a critical region for soil research, Kalmykia's central dry steppe zone in 
southern Russia, characterized by arid conditions and unique challenges. Our 
investigation aimed to evaluate the current state of soil properties and assess trace 
element accumulation within this environment. The region's distinctive 
characteristics, including being home to Europe's first desert, present a complex 
scenario for soil conservation and management. A thorough analysis of key 
physicochemical properties, including organic matter content, soil texture, pH levels, 
and the concentrations of trace elements (V, Cr, Co, Ni, Cu, Zn, Sr, and Pb) using 
established methodologies, was conducted. Our findings revealed several crucial 
insights into the soil conditions of this arid region. Soil samples predominantly 
consisted of Haplic Kastanozems Sodic, characterized by low organic carbon content 
(0.3-1.9%). Soil texture analysis indicated a predominantly light and medium loamy 
granulometric composition with a prevalence of sandy fractions. Soil pH values 
ranged from neutral (pH = 7.6-7.9) to slightly alkaline (pH = 8.0-8.4). Furthermore, 
the study provided the first assessment of soil conditions in residential areas of the 
Caspian Lowland's arid region. Notably, trace element analysis showed elevated 
concentrations of several metals, with Sr having the highest levels. Co, Cr, and Zn 
concentrations did not significantly increase compared to the background values. 
The results of this soil fertility evaluation hold significance for soil restoration and 
conservation efforts in this unique and fragile ecosystem. In conclusion, this study 
underscores the urgent need for soil monitoring and management practices to 
address soil degradation and desertification driven by overgrazing and erosion. 
Understanding the physicochemical properties and trace element dynamics in arid 
regions is essential for developing strategies to restore and conserve these valuable 
soils. 

Keywords: Haplic Kastanozems Sodic, humus, soil texture, soil pH, trace elements, 
X-ray fluorescent. 
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Introduction 
Being the only region of Europe with desert, the Republic of Kalmykia is one of the most important territories 
for research in the south of Russia (Sangadzhiev et al., 2018; Dedova et al., 2020). Kalmykia is vastly 
distinguished, even from neighboring federal subjects, not only by its soil, but also by a more continental 
climate (Degtyarev, 2019). Nowadays, the region is facing the problems of soil degradation and desertification, 
largely resulting from overgrazing practices (Tashninova, 2015; Lazareva et al., 2018; Bakinova et al., 2019; 
Shumova, 2021). Huge desert areas, limited plant cover, and strong winds give rise to such meteorological 
phenomena as dust and sandstorms (Sangadzhiev et al., 2021). Physical and chemical properties of soils, 
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including content of organic matter, which serves as a main soil fertility factor, tend to deteriorate (Danchenko 
et al., 2022; Gurkova et al., 2022). In this context, soil monitoring plays an important role in soil fertility 
regulation, with the former consisting of observations of changes in agrochemical parameters of topsoil across 
rural Kalmykia (Okonov et al., 2021). 

The territory of the south of Russia is characterized by efficient agricultural activities, resulting in increased 
anthropogenic impacts on farmlands. The key negative processes are unorganized grazing and overgrazing, 
degradation of natural forage lands, and water and wind erosions that give rise to multiple desert pockets and, 
consequently, lead to soil fertility reduction. 

The soil fertility of the arid region of the Caspian Lowland was investigated and provided comprehensive 
insights into soil qualitative parameters in rural areas.  

Material and Methods 
The northwestern part of the studied area is geomorphologically located in the Ergeni upland (190-210 m 
above sea level) (Muev et al., 2013; Sangadzhiev et al., 2021), whereas its eastern part is in the Caspian 
Depression, which is a flat plain sloping towards the sea as shown in Figure 1. The numerous arroyos in the 
eastern parts fill up in the spring and completely dry out in the summer (Semenkov et al., 2022). The topsoil 
comprises Kastanozems (chestnut soils), essentially associated with solonetzes and covering arroyo 
watersheds and their sides. Haplic Kastanozems are dominant soils in the Ergeni upland soil cover (Klimanov 
et al., 2014) and can be found as associated soils along mesorelief depressions. Endosalic calcisols sodic co-
dominate in flat areas of the Caspian Depression. The studied area was in the central steppe zone of Kalmykia 
and characterized as an arid and very arid climate with hot and moderately hot summers and moderately cold 
winters (Nemkeeva et al., 2019). The dry steppe zone's relatively flat landform conditions have determined 
an original and structurally complete plant cover dominated by perennial xerophytic plants: Festuca valesiaca, 
Stipa capilláta, Stipa lessingiana, Agropyron desertorum, Poa bulbosa; and xerophilous plants: Artemisia 
absnthium, Artemisia pauciflora, etc. (Fedorova, 2015; Semenkov et al., 2020; Novikova et al., 2020). The soil 
was sampled at the 16 settlements at 2 districts of Kalmykia: Tcelinnyy and Ketchenerovsky (Figure 1). There 
are 129 soil samples. The soil samples were collected during seasonal expeditions. The monitoring sites 
included central parts of a settlement or school yard, settlement boundaries, and at the 500 m away from the 
settlement boundaries (background areas) (Figure 1). At the monitoring sites (5 × 5 m), sampling was done 
according to ISO 18400-104:2018 guidelines. All soil samples were taken in triplicate. The weight of the 
sample from each monitoring site was 1500 g.  

 
Figure 1. The monitoring sites of soil sampling. 

The soil samples were air-dried in the laboratory, cleaned from root remains, grinded and sieved to 1.0 mm. 
The physicochemical properties of collected soil samples were determined by the following methods: pH in 
H2O using a glass electrode in a 1:5 (volume fraction) suspension of soil in water (ISO 10390:2005); organic 
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matter content by the sulfochromic oxidation, ISO 14235:1998 and carbonate content by the volumetric 
method, ISO 10693:1995. The pipette method with the pyrophosphate procedure preparation was used to 
determine the soil particle size distribution (ISO 13317-2:2001; Shein, 2009). The total elemental composition 
(Si, Al, Fe, Ca, Mg, S, and Na) in the soils was determined by an X-ray fluorescent scanning spectrometer 
“Spectroscan Makc-GV" (Spectron, Saint-Petersburg, Russia).  

The statistical processing of the obtained results was carried out using the Microsoft Excel computer software 
package. The standard error was determined for each arithmetic mean. To assess the accumulation processes 
of each element, the following indicators were calculated: the concentration coefficient (Kk), the coefficient of 
relative accumulation of trace elements in the soil (Kkr), and the background concentration coefficient (Kkf). 
The calculation of the indicators was carried out according to the method of Glazovskaya (1999). 

Results and Discussion 

The soil in the studied area is represented by Haplic Kastanozems Sodic. The average pH was showed the 
values of 7.6–8.7. The pH values of the monitoring sites were close and vary slightly (V=3%) from 7.7-8.7 
(Ketchenerovsky district) and 7.6-8.4 (Tcelinnyy district), i.e., they have an alkaline and highly alkaline 
reaction (up to 8.7 units). The soil organic carbon (Corg) contents ranged between 0.67 and 1.89%, and the 
average Corg was noted at 1.39% (Table 1). The average value with Corg in the Ketchenerovsky district was 
0.94%, in the territory of the Tselinsky district - 1.40%. The maximum values of Corg (1.89%) coincide both on 
the territory of the Ketchenerovsky district (Kegult village, background) and on the territory of the Tcelinsky 
district (Verkhny Yashkul, background) (Table 1). Carbonates are almost equally represented by calcium and 
magnesium salts. The Ca content of the topsoil in Haplic Kastanozems Sodic was 0.60-0.98%, and the Mg 
content was 0.53-0.79% (Table 1). Their content in the soil fine-grained soil on the territory of the 
Ketchenerovsky district ranged from 0.55%-0.90%, the content of CaCO3 was in the range (V=7%) from 1.60% 
to 2.30% (Ketchenery village, school), MgCO3 (V=7%) - from 1.93% to 2.52% (Kegult village, edge locality). In 
the Tcelinsky district, the content of carbonates in soils varies (V=12%) from 1.6 to 2.7% (CaCO3) and 1.9 to 
2.7% (MgCO3). 

Table 1. Statistical parameters of physico-chemical properties of soils 

Parameter 
Μ 

(average) 
SD 

(standard deviation) Med Min Max 
SE  

(standard error) CV 

Ketchenerovsky district 
Corg, % 0.94 0.44 0.90 0.31 1.89 0.10 47 
pH in water 8.21 0.27 8.20 7.70 8.70 0.06 3 
Ca, % 0.80 0.11 0.86 0.60 0.90 0.02 14 
Mg, % 0.61 0.04 0.60 0.55 0.72 0.01 7 
CaCO3, % 2.10 0.15 2.12 1.60 2.30 0.03 7 
MgCO3, % 2.14 0.14 2.10 1.93 2.52 0.03 7 

Tcelinnyy district 
Corg, % 1.40 0.40 1.37 0.67 1.89 0.08 29 
pH in water 8.10 0.21 8.20 7.60 8.40 0.04 3 
Ca, % 0.82 0.08 0.80 0.64 0.98 0.02 10 
Mg, % 0.66 0.06 0.67 0.53 0.79 0.01 9 
CaCO3, % 2.07 0.24 2.10 1.60 2.70 0.05 12 
MgCO3, % 2.35 0.23 2.35 1.85 2.77 0.04 10 

The contents of clay vary in a wide range from 6.84 to 64.88, with minimum values observed in the schoolyards 
of Ovata, Arshan-Bulg, Baga-Chonos, and Voznesenovka (Figures 2, 3, Table S2). Low content of P was noted, 
i.e., 0.09–0.18%, while P exchange content is medium - 1.37–2.98% (Table 3). In Ovata, the former’s medium 
value is 0.14%, and that of exchange potassium is 2.98%. A determination of metals was performed, and the 
high content of these toxic metals was observed. According to Table 2, the total content of the accumulated 
metals is categorized as follows: 

Arshan-Bulg : Sr > V > Cr > Zn > Cu > Pb > Ni > Co 
Baga-Chonos : Sr > Cr > Cu > Zn > V > Co > Ni > Pb 

Voznesenovka : Sr > Cr > V > Zn > Ni > Cu > Pb > Co 
Verkhny Yashkul : Sr > Cr > V > Zn > Ni > Cu > Pb > Co 

Iki-Chonos : Sr > Cr > V > Zn > Ni > Cu > Pb > Co 
Ovata : Sr > Cr > V > Zn > Ni > Cu > Pb > Co 

Troitskoye : Sr > Cr > Zn > V > Ni > Cu > Pb > Co 
Khar-Buluk : Sr > Zn > Cr > V > Ni > Cu > Pb > Co 
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Figure 2. Variation of granulometric fractions. The central 
line is the median, the borders of the box are quartiles, the 

ends of the whiskers are the minimum and maximum 

Figure 3. The ratio of granulometric fractions 

Table 2. Average total content of macro- and microelements in soil samples 

 
In soil samples, the highest levels are registered for Sr, the lowest ones for Co and Pb. In order to assess the 
distribution and accumulation of trace elements in soils, an analysis of variance (ANOVA) was carried out 
(Table 3). The results obtained were compared with the lithosphere Clark according to Vinogradov (Kk), with 
the coefficient of relative accumulation of trace elements (Kkr), and with the regional background con-
centration (Kkf). 

Table 3. Analysis of variance of the results of the determination of metals 

Element Kk Kkr Kkf Shares of MPC 
V 0.77 0.62 - 0.55 
Cr 0.52 1.73 0.51 1.03 
Co 0.67 1.58 1.21 2.42 
Ni 0.83 1.72 1.20 0.57 
Cu 0.72 1.99 1.69 0.62 
Zn 0.88 1.92 1.46 0.72 
Sr 0.54 1.58 - 0.31 
Pb 1.13 - 1.81 0.60 

All elements Kk < 1, except Pb, had an increased value of -1.13 in comparison with the lithosphere Clark (Table 
3). The lowest concentrations Clarks relative to the litho-sphere were obtained for Cr (Kk = 0.52) and Sr (Kk 
= 0.54). A comprehensive evaluation of soil indicators showed damage to the central dry steppe zone of 
Kalmykia. The physiochemical characteristics of soils play a major role in restricting fertility, while high metal 
contents restrict growth and impose a risk on the food chain. The pH of the soil solution is an essential 
parameter to characterize soil conditions and formation processes. Soil acidity influences plant nutrition, and 
even soils rich in organic matter may be barren. Soil acidity analyses of samples from the settlements of 
Tcelinnyy District reveal faintly alkaline reactions of soil solutions, with pH equal to 8.0–8.4, while samples 
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from Arshan-Bulg, Iki-Chonos, and Voznesenovka show neutral values of 7.6–7.8, which are environmentally 
optimal for the growth and development of agricultural plants (Figure 4; Table S1). 

The soil of the Ketchenerovskiy district was characterized by more alkaline reaction (pH > 8) of the soil 
solution than in soil of the Tcelinnyy district (Figure 4). On the territory of the school and the boundary of the 
Ketchenery settlement, areas with a highly alkaline reaction of the medium (pH 8.5-8.7) were observed (Table 
1). Most likely, the highly alkaline environment the school grounds are associated with the use of carbonate 
crushed stone layed on road surfaces, building materials, as well as due to the sprinkling of anti-icing agents 
in the winter season in the school yard. Dordzhiev et al. (2018) mentioned that it was the decent Ca content 
in soils that pro-vided the most favorable conditions for the majority of plants and aerobic microorganisms. 
The highest levels of cation exchange are inherent in soils with clay granulometric composition and increased 
organic matter (Ovata), while low ones are observed in sandy soils (Arshan-Bulg). Studies of the content of 
exchangeable cations of the Ketchenerovsky district had shown that the content of exchangeable Mg didn’t 
exceed 0.67%, Ca - 0.90% (Table 1). 

Soil organic matter (humus) is a regulator of the most important physiological and biological properties of the 
soil, which determine the water-air and nutrient regimes of soils. One of the key soil-forming processes is 
humus accumulation, which occurs during the humification and mineralization of incoming plant residues 
(Semenov et al., 2008). The content of soil organic carbon is the main indicator for assessing the soil’s 
tolerance toward degradation and for predicting the possibility of restoring the fertility of degraded soil. Wind 
erosion is the main factor in the degradation of soil in the Caspian lowlands. It promotes the removal of fine 
particles and humus, lowering the soil fertility. As a result, there are sharp fluctuations in the total humus 
content of the soil, which affects the soil fertility (Gurkova, 2022). An increase in this parameter results in 
better physical and physicochemical properties and higher biological activity (Post et al., 1990; Davidson et 
al., 2000; Gurkova, 2022). Soil monitoring results attest to the fact that the prevailing share of Russia’s soils is 
characterized by organic matter contents of 3% to 6% and 41 million ha, i.e., 48.6% of soils. Analysis of soil 
samples from Tselinny District shows humus levels are evaluated as low (less than 3%). So, organic carbon 
contents in settlement territories range between 0.67 and 1.89%, with the highest (1.89%) recorded in 
Verkhny Yashkul and Ovata background areas and the lowest (0.67% and 0.79%) in Baga-Chonos and 
Voznesenovka schoolyards in Haplic Kastanozems Sodic (Figure 5). In Ovata, carbon contents in topsoil (1.81–
1.89%) slightly exceed those from other settlements. Low humus content losses in analyzed soil samples can 
be explained by the destruction of the humus horizon resulting from agricultural activities. 

  

Figure 4. Variation of pH in soil samples. The central line 
is the median, the borders of the box are quartiles, the 
ends of the whiskers are the minimum and maximum. 

Figure 5. Variation of Corg content in soil samples. The 
central line is the median, the borders of the box are 

quartiles, the ends of the whiskers are the minimum and 
maximum. 

According to the humus content, the soils of the Ketchenerovsky district differ slightly from the soils of the 
Tcelinnyy district, they belong to weak and low humus. The Corg content varies in the range from 0.31 to 1.89% 
(Table 1). Its lowest content was noted on the territory of the settlement of Gojur (0.31-0.34%). In the vicinity 
of the settlements of Gashun-Burgusta (center) and Kegult (background), the maximum values of 1.87 and 
1.89%, were noted respectively (Table 1). Soil texture is another important parameter affecting soil fertility. 
Granulometric analysis concludes the dominant soils of the studied district are loamy ones. The contents of 
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physical clay vary in a wide range from 6.84 to 64.88, with minimum values observed in the schoolyards of 
Ovata, Arshan-Bulg, Baga-Chonos, and Voznesenovka (Figure 2; Table 2). The investigated soils cluster with 
medium and light silty sandy loams since the prevailing fractions are those of medium sand (up to 41.18) and 
fine sand (up to 51.18). Such soils are characterized by a strong clod structure and the air and water holding 
capacities of their topsoil. As a result, the soil in Ovata is Haplic Kastanozems Sodic, medium loamy, cloddy 
silty, and loose. The schoolyard topsoil sample contains less silt (1.44) than the background and boundary 
ones. Values of physical clay vary from 23.84 to 29.84.  

Phosphorus (P) and potassium (K) are of utmost importance for plant mineral nutrition. So, labile P and 
exchangeable K levels are also essential to soil fertility. In our study, labile P values in topsoil samples from 
examined localities are basically very low, between 0.09 and 0.18%, while K exchange content is medium, at 
1.37 to 2.98% (Table 2). In Ovata, the former’s medium value is 0.14%, while that of the exchange potassium 
was noted at 2.98%. Organic matter content is related not only to clay minerals but also to total microelements. 
For example, an increase in humus content facilitates a decreased migration of zinc and copper, resulting in a 
slight reduction in the values of these metals.  

One of the main indicators of the anthropogenic load on the soil is the content of trace elements. They are 
accumulating in the upper fertile layer of the soil, where they have a negative impact on agricultural crops and 
can also enter animal and human bodies through food chains. In this regard, there is a need to conduct 
monitoring studies of soils to control the level of trace elements. Metal accumulation in soil can significantly 
alter the soil ecosystem by lowering soil quality and fertility due to their non-biodegradable properties. In the 
present study, the maximum value of V was registered in Arshan-Bulg, while the minimum was in Baga-Chonos 
(Table 2 and 3). These values are below the current maximum allowable concentration and background 
element content in soils worldwide, as well as the corresponding Clarke number according to Vinogradov 
(Korte et al., 1975; Dordzhiev et al., 2018). High levels of Cr were traced in Voznesenovka (138.25 mg/kg) and 
low ones in Baga-Chonos (75.43 mg/kg). These exceed the established maximum allowable concentration but 
not the background element content in soils worldwide or the Clarke number, according to Vinogradov 
(1962). 

Total content of Co exceeds maximum allowable concentrations in all investigated settlements, with average 
values for this element traced in the district being 1.5-2 times higher than regionally established background 
levels, though they remain below the Clarke number, according to Vinogradov (1962). Ni and Cu contents from 
analyzed samples lie in a wide range, and maximum values for these elements were registered in Ovata (Ni: 
76.37 mg/kg, Cu: 48.83 mg/kg). The concentration values did not exceed maximum allowable concentration 
ones but tended to increase as compared to background parameters and Clarke numbers, according to 
Vinogradov (1962). Zn content was below maximum allowable concentrations, the only and slight exception 
being that of 102.33 mg/kg in Khar-Buluk. The maximum (235.15 mg/kg) and minimum (83.13 mg/kg) Sr 
contents were found in Iki-Chonos and Baga-Chonos, respectively. Average content levels of the element are 
below the maximum allowable concentration. Pb concentration analysis of soil samples from the studied 
district attests to the fact that values vary from 6.42 mg/kg to 26.75 mg/kg, with the maximum in Iki-Chonos 
(26.75 mg/kg) and the minimum in Baga-Chonos (6.42 mg/kg). Pb content is below the maximum allowable 
concentration but exceeds background content levels in soils worldwide and the Clarke value. The Pb 
concentration in the sample from Baga-Chonos is below the regionally established background value. In soil 
samples, the highest levels are registered for Sr, the lowest ones for Co and Pb. High levels of these elements 
not only reduce soil fertility and plant growth, but they may also pose a threat to humans through the food 
chain. 

Conclusion 
For the first time, an assessment of the soils condition in residential areas of the arid region of the Caspian 
Lowland was carried out. The average levels of organic carbon in Haplic Kastanozems Sodic were low. A stable 
decrease in humus reserves (less than 3%) suggested deterioration in soil nutritional content. It was 
established that the soil acidity was neutral to faintly alkaline. The variable contents of P and K in studied soil 
were shown. The soil texture was mainly loamy in nature and belonged to dusty-sandy medium and light 
loams. Since the fractions of medium sand (up to 41.18%) and fine sand (up to 51.18%) dominate, heavy loam 
is less common. In the soil of studied area Co, Cr, and Zn contents exceed maximum allowable concentrations. 
The Co values in all settlements were higher than maximum allowable concentrations up to 2–3 times. The 
varia-tions of soil quality parameters in the different areas of the Caspian lowland were re-vealed. The results 
are important evidence for necessity of protecting or restoring the soil fertility at the central dry steppe zone 
of Kalmykia by reasonably utilizing soil resources. 
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 Abstract 
Article Info High seedling performance is crucial for the growth and development of plants, as it 

directly affects the potential for crop yield. Therefore, robust early seedling 
characteristics can lead to higher yields and better crop productivity. This work 
evaluated the early seedling characteristics of maize seeds grown under four 
irrigation water salinities (0.30, 1.5, 3.5, and 7 dS m-1). For this purpose, maize plants 
were grown to maturity in pots under rain shelter conditions, and then maize seeds 
were harvested. Subsequently, the maize seeds germinated to determine the early 
seedling characteristics, the leaf's Na+, Ca+2, K+ content, and the K+/ Na+, Ca+2/ Na+. 
The results showed that irrigation of maize crops at 7.0 dS m-1 reduced seedling fresh 
weight, root fresh weight, and SPAD parameters by 46.9%, 78.1%, and 38.7%, 
respectively, compared to 0.30 dS m-1. Irrigation of maize plants with 8.0 dS m-1 
significantly hampered the reusability of maize seeds and decreased seedling height 
(7.81 cm), root dry weight (0.13 g), and root length (5.5 cm). Moreover, the highest 
ratios of K+/Na+ (12.58) and Ca+2/Na+ (3.46) ratios and the lowest leaf Na+ content 
(0.24%) of maize seedlings were found in 0.30 dS m-1 treatment. Based on the results, 
it could be suggested that the reusability of maize seeds, which irrigation maize crops 
with ≥ 3.5 dS m-1 saline water, is not recommended for sustainable maize production 
due to low seedling growth performance. Finally, the current study has the potential 
to provide important insights into identifying robust and healthy maize seeds grown 
in high-salinity environments. 
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Introduction 
Maize is an essential crop in many cultures worldwide due to its versatility and importance as a staple food 
(Erenstein et al., 2022). Maize is the third most cultivated cereal globally, after wheat and rice, with a 
worldwide production of 1.13 billion tonnes in 2021, as stated by FAO (2021). In addition to its role as the 
primary food source for millions of people, maize is also used to produce animal feed, biofuels, and industrial 
products (Chaudhary et al., 2013; Rouf Shah et al., 2016). Up to now, maize production has faced numerous 
environmental problems (Ahmad et al., 2020). Climate change, erratic rainfall patterns, salinity, and water 
stress have become critical areas of concern for researchers because they seriously affect grain-filling 
processes and quality, ultimately leading to lower crop productivity (Vaughan et al., 2018; Salika and Riffat, 
2021).  

Climate change significantly impacts resources worldwide, including increasing water scarcity in many 
regions (Lu et al., 2019) due to higher temperatures, changing precipitation patterns, and more frequent 
extreme weather events (Hopmans et al., 2021). As a result, many farmers are turning to alternative water 
sources, such as saline water, for irrigated agriculture (Singh, 2022). Although using salt water can be a viable 
solution to freshwater scarcity, it also presents new challenges. Sustainable management practices and 
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technologies must be developed to ensure that using high water salinity in irrigated agriculture is practical 
and environmentally responsible. 

Using saline water for irrigation can affect crop yield, physiology, morphology, and grain quality (Kiremit and 
Arslan, 2016; Arif et al., 2020). High soil salinity can reduce the availability of essential nutrients and water to 
plants, resulting in lower yields (Arif et al., 2020). In addition, saline water can adversely influence plant 
physiology by interfering with water uptake, photosynthesis, and other physiological processes 
(Alkharabsheh et al., 2021; Mukhopadhyay et al., 2021). Moreover, the high salt concentration in saline water 
can affect plant morphology, including changes in root and shoot development (Bistgani et al., 2019). The seed 
quality of plants irrigated with saline water may also be affected, with lower protein content, starch content, 
and altered mineral composition (Koyro and Eisa, 2008). 

Seed quality is a vital component in the growth of plants and yield. It can increase seed resistance to 
environmental factors by providing a high germination rate and seedling growth characteristics (Sehgal et al., 
2018). The germination process depends on efficiently mobilizing stored reserves to promote successful 
emergence (Bewley et al., 2013). The seed's high growth capacity significantly improved the productivity of 
the crops. Therefore, examining early seedling growth attributes of seeds grown under unfavorable conditions 
is necessary to facilitate the selection of strong and healthy seeds.  

In literature, generally, the researchers have been focused on how saline water affects the germination and 
seedling growth ability of maize seeds (Khodarahmpour et al., 2014; Li et al., 2019; Öztürk et al., 2021). 
However, no study has been investigated to determine the seedling growth performance of maize seeds grown 
under saline water conditions. Therefore, to fill this gap in the literature, this study aimed to find out how 
saline irrigation water affected seedling development and leaf macronutrient content in maize seeds. 

Material and Methods 
Growing environment and seed sources 

The study was established under a rain shelter in the Experimental Area of the University of Ondokuz Mayıs 
(Samsun, Türkiye) during the summer of 2021. The mean daily temperature and relative humidity under the 
rain shelter fluctuated between 19-36 °C and 44-72% during growth. The study soil was classified as clay 
loam, consisting of 36.5% clay, 22.8% silt, and 40.7% sand, collected at a depth of 30 cm at the Ondokuz Mayıs 
University Experimental Farm. The collected soil was air-dried under a rain shelter, grounded, and passed 
through a 4 mm sieve. After that, each plastic pot (0.30 m high × 0.28 m top × 0.26 m bottom) was filled with 
2 kg of gravel at the bottom and then with 12 kg of sieved soil. Chemical analysis showed that the contents of 
Ca+2, Mg+2, Na+, and K+ were 1.20, 2.30, 2.80, and 0.8 mg/100 g of soil, respectively. The field capacity, 
permanent wilting point, electrical conductivity (EC), and soil pH were 25.7%, 15.7%, 0.15 dS m-1, and 6.85, 
respectively.  Cin mısır (Zea mays everta Sturt) seed, one of the most widely grown cereal varieties in Turkey, 
was used in the study. Maize seeds were sown on June 17, 2021, and harvested on October 10, 2021 
respectively. 

Experimental setup and agronomic practices 

The study was set up as a factorial experiment in a completely randomized design consisting of four saline 
waters (S1 = 0.30 dS m-1, S2 = 1.5 dS m-1, S3 = 3.5 dS m-1, S4 = 7.0 dS m-1) with three replicates per treatment (4 
salinity levels × 3 replicates = 12 pots).  Five seeds were sown in each pot and thinned to one uniform healthy 
seedling per pot 20 days after sowing. All pots were irrigated with the same amount of tap water during the 
germination period. After thinning, irrigation with saline water was started according to the treatments. To 
achieve this, S1 was tap water, while salinity levels of S2, S3, and S4 were prepared by adding NaCI and CaCI2 to 
the water of S1 in a 1:1 ratio. Before sowing, all pots were saturated with tap water to determine the field 
capacity weight of each pot. The surface of the pots was wrapped with a plastic cover to prevent water loss by 
evaporation. After stopping the drainage and establishing the balance between air and water in the soil, each 
pot was weighed, and this was taken as the field capacity of each pot. Irrigation practices were realized when 
0.40% of the available water in the soil was consumed by evapotranspiration throughout the growing cycle. 
Each pot was weighed daily to determine soil moisture loss due to evapotranspiration. Also, to minimize high 
salt buildup in the root zone, 15% leachate was given at each irrigation. 

The maize plant was fertilized with 250 kg N ha-1, 100 kg P2O5 ha-1, and 180 kg K2O ha-1. Phosphorus and 
potassium were employed as base fertilizers in the form of triple superphosphate (1.41 g pot-1) and potassium 
sulfate (0.88 g pot-1), respectively, before sowing. Nitrogen was applied in two doses: 50% nitrogen at the time 
of the grand growth stage and a second dose of 50% nitrogen at the tessling stage. 
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Germination experiment 

The surface of the harvested maize seeds was sterilized in a 5% NaOCl solution for 10 min prior to 
germination. The germination study was set up as a factorial experiment in a completely randomized design 
with three replicates per treatment (ten seedlings per replicate). A total of 12 petri dishes (4 irrigation water 
salinity × 3 replicates = 12 petri dishes) were used to achieve this purpose. Twenty seeds were sown with 
tweezers in glass petri dishes (9×9×4cm) with double-layer blotting paper for each treatment. The seeds were 
irrigated daily with 10 ml of 0.22 dSm-1 irrigation water. Petri dishes were kept in an incubator at a 
temperature of 25 ± 10C and a relative humidity of 50%. During each day of the experiment, the dishes were 
exposed to a light intensity of 1200 l x for 12 hours. 

After 14 days, ten seedlings were randomly selected from each replicate to measure the shoots' fresh and dry 
weights as well as shoots and root lengths. The SPAD readings were taken from the leaves of 5 different 
seedlings from each petri dish using the SPAD 502 Meters [Spectrum Technologies, Inc., USA]. The fresh 
weights of the shoots and roots were obtained by weighing 10 seedlings chosen at random from each petri 
plate. The dry weights of the shoot and roots were determined by keeping the seedling at 70 oC in the oven-
dried up to reaching consistent weight, and then weights were determined with an electronic balance. The 
lengths of the shoots and roots were measured with a ruler. 

Statistical Analysis 

One-way analysis of variance was performed on the data, and statistical analysis was made using SPSS 25.0 
(SPSS, Chicago, IL, USA). Significant differences between means were separated using the Duncan test at the 
0.05 probability level. Bar graphs for leaf macronutrient content were created using Microsoft Office 365 
software. The vertical lines on the bar graphs show the standard error of the three replicates for each 
treatment. 

Results and Discussion 

The stem fresh and dry weights, root fresh and dry weights, and chlorophyll content were considerably 
affected by irrigation water salinity (p<0.001); moreover, irrigation water salinity showed a significant effect 
on seedling height and root length (p< 0.01).  

Table 1. Effects of irrigation water salinity on early seedling traits of maize seeds 

Irrigation water salinity (dS m-1) Seedling Parameters 

 Seedling height (cm) Stem fresh weight (g) Stem dry weight (g) 

S1 10.34 ± 0.38a 4.9 ± 0.2a 0.45 ± 0.04a 

S2 10.02 ± 0.57a 4.8 ± 0.2a 0.44 ± 0.02a 

S3 10.19 ± 0.19a 4.0 ± 0.2b 0.34 ± 0.01b 

S4 7.81 ± 0.19b 2.6 ± 0.2c 0.27 ± 0.01c 

ANOVA    
P>F ** *** ** 
 Root fresh weight (g) Root dry weight (g) Root length (cm) 

S1 3.20 ± 0.06a 0.28 ± 0.01a 8.8 ± 0.6a 

S2 2.94 ± 0.24a 0.22 ± 0.001b 7.7 ± 0.2b 

S3 1.72 ± 0.35b 0.17 ± 0.02c 6.1 ± 0.3c 

S4 0.70 ± 0.02c 0.13 ± 0.003d 5.5 ± 0.2c 

ANOVA    
P>F *** *** ** 
 SPAD SDW/SFW ratio RDW/RFW ratio 

S1 26.6 ± 0.3a 9.18 ± 0.35b 8.83 ± 0.48b 

S2 25.3 ± 0.6b 9.33 ± 0.81b 8.35 ± 0.23b 

S3 21.7 ± 0.8c 9.15 ± 0.06b 9.52 ± 1.02b 

S4 16.3 ± 0.4d 11.34 ± 0.35a 17.99 ± 0.17a 

ANOVA    
P>F *** *** ** 

S1, S2, S3, and S4 show 0.30, 1.5, 3.5, and 7.0 dSm-1, respectively.  According to Duncan's Test, different letters in each 
feature significantly differ at a 0.05% probability level. ***: p≤0.001 **: p≤0.01.  
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The S1 treatment produced the greatest seedling height (10.34 cm), whereas the S4 treatment obtained the 
lowest (7.81 cm). Seedling lengths decreased by 3%, 1.5%, and 24.46% in S2, S3, and S4, respectively, when 
compared to the S1. In addition, the seedling heights for S1, S2, and S3 treatments were not statistically different 
(Table 1). Stem fresh and dry weights of the highest saline irrigation treatment (S4) were reduced by 46.8% 
and 40%, respectively, relative to the S1 treatment. However, there was no statistical difference between S1 
and S2 treatments in both stem fresh and dry weights. The highest root wet weight value (3.20 g) was found 
in S1, while the lowest (0.70 g) was observed in the S4 treatment. Root dry weight values were reduced with 
an increment in irrigation water salinity. Root dry weight decreased by 21.4%, 39.28%, and 57.53% in S2, S3, 
and S4, respectively, compared to S1 treatment. The greatest root length was measured in S1 (8.8 cm) and the 
lowest in S4 (5.5 cm). SPAD values for maize seedlings changed between 16.3-26.6, and the highest value (26.6) 
was observed in the S1 treatment, whereas the lowest was in the S4 treatment. However, the SPAD value 
between the S1 and S2 treatments statistically differed, but no high differences were found between the two 
treatments. SDW/SFW and RDW/RFW ratios were increased with increments in saline water. For the two 
parameters, the highest values (11.34 and 17.99) were observed in the S4 treatment, while no significant 
differences were observed between the S1, S2, and S3 treatments. Considering all the early growth attributes of 
the maize seeds, irrigation of the maize plants with 3.5 and 7 dSm-1 caused a greater reduction in the growth 
capacity of the seeds compared to water salinity of 1.5 and 0.30 dSm-1. This reduction in the early seedling 
growth ability of the seed could be related to seed reserve content. For this, carbohydrate accumulation 
decreased at 3.5 and 7.0 dSm-1 water salinity, caused by the toxic salinity concentration in the root zone. 
Similar results to our study, Meena and Yadav (2018) reported that assimilated reserves in the embryo of the 
seeds might reduce with increasing salinity stress. Soriano et al. (2014) explained that seed reserve content is 
closely related to the germination percentage. In a study conducted by Begcy and Walia (2015), it was found 
that seed reserve proteins play a crucial role as a reservoir of amino acids and nitrogen, which are essential 
for the growth and development of new seedlings. The study also suggested that any disturbance in the 
quantity or quality of these proteins could inhibit seedling establishment and vigor. The findings of the current 
investigation suggested that the water salinity should not exceed 3.5 dSm-1 to avoid any adverse effects on the 
quality and serve of the seeds due to the buildup of salt minerals in the root zone during the seed filling period.  

Figure 1 illustrates the differences in leaf Na+, Ca+2, K+ contents, K+/Na+, and Ca2+/Na+ ratios in maize seed 
grown under different irrigation water salinity conditions. The salinity of irrigation water had significant 
effects on the contents of leaf nutrients of the maize seedlings, and the leaf Na+ content increased with the 
increment in water salinity level. Compared with the highest saline water (S4), S1, S2, and S3 decreased leaf Na+ 
by 16.5%, 11.6%, and 8.1%, respectively. Moreover, the greatest leaf K+ content (3.05%) was observed in the 
S1 (Figure 1). Furthermore, the leaf K+ content of S1 was slightly lower than that of S2, and no significant 
differences were observed between the S1 and S2 treatments (p>0.05) (Figure 1). The leaf Ca+2 contents of 
maize seedling were significantly differed between saline irrigation waters. Consequently, S1 had the highest 
leaf Ca+2 content (0.82%), which decreased by 15.9%, 25.9%, and 31.9% for the S1, S2, and S3 treatments, 
respectively (Figure 1).  

The K+/Na+ ratio depicted a decrease with increment in water salinity level. Compared with the S1 treatment, 
the K+/Na+ ratio of the maize seeds grown at S2, S3, and S4 treatments decreased by 3.6%, 16.7%, and 26.4%, 
respectively. Irrigation with saline water induced decreases in the Ca+2/Na+ ratio of maize seeds (Figure 1). 
The S1 treatment exhibited the greatest Ca+2/Na+ ratio (3.46%), followed by the S2 treatment (Figure 1). The 
reductions in the Ca+2/Na+ ratio were around 20.6%, 32.7, and 43.2% for S1, S2, and S3, respectively, compared 
with the S1 treatment (Figure 1). Considering all mineral contents of maize, it could be noted that the 
increment in salinity of irrigation water resulted in a significant reduction in K+ and Ca2+ content of maize 
seeds. The greatest decrease in these parameters was observed in the S4 treatment; this could be linked with 
the salinity of the irrigation water causing high osmotic stress and ion toxicity in the root zone, resulting in 
low nutrient availability to the maize crops. Farooq et al. (2015) explained that excessive accumulation of 
sodium and chloride ions in the root zone of maize in saline soils causes severe nutritional imbalances. These 
ions interact with other vital mineral elements such as potassium, nitrogen, and calcium (Läuchli and Grattan, 
2007). Hu and Schmidhalter (2005) also reported that increasing the level of salt concentration within a root 
zone induces an increment in the soil osmotic potential, thereby decreasing the movement of K+ ions in the 
soil and ultimately affecting the K+ uptake potential of the plants. Like ours, Sezer et al. (2021) found that the 
K+ and Ca+2 content in maize seedlings reduced with increasing water salinity. Regarding our research, the 
presence of K+, Ca2+, and Na+ ions in seed reserves can be attributed to the ability of plants to withstand osmotic 
stress under salinity conditions. Therefore, irrigating maize plants with ≥ 3.5 dS m-1 saline waters is not 
recommended due to decreasing assimilate movement from root to grain, thus causing poor seed quality. 
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Figure 1. Changes in leaf Na+2, Ca+2, K+ levels, K+/Na2+, and Ca2+/Na2+ ratios in maize seeds grown at different salinities 

of irrigation water. ***: p≤0.001 **: p≤0.01. 

Conclusion 
This study aimed to test a practical method for indicating the reuse potential and the early seedling capacity 
of maize seeds grown under irrigation water salinities. The findings showed that the saline irrigation water 
significantly affected the growth parameters, with the highest growth observed at the lowest salinity (0.30 
dSm-1). Additionally, the research indicated that using saline water for irrigation led to a noteworthy variation 
in the nutrient levels of maize seedlings' leaves, whereby the amount of Na+ in the leaves rose proportionally 
to the salinity level of the irrigation water. In contrast, leaf K+ and Ca2+ ions reduced markedly with increasing 
water salinity. According to our study, it is recommended that the water salinity level should be kept below 
3.5 dS m-1 to prevent salt buildup in the root zone during the seed-filling period, which can adversely impact 
seed quality and yield. Overall, the results of this study provide new insights for farmers and researchers in 
reusing and selecting maize seeds harvested from saline soils. 
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 Abstract 
Article Info Agriculture is frequently hampered by soil salinity, which has a negative impact on 

crop growth and yield. This study aims to identify the optimal timing of satellite data 
acquisition to predict soil salinity levels indirectly using satellite images in cotton 
growth fields as a basis. Data was collected in the Mingbulak district of Uzbekistan, 
where soil electrical conductivity (EC) was measured in a laboratory using soil 
samples collected from various fields with similar management practices. In this 
research, we present a linear regression model that uses satellite data and the 
Normalized Difference Salinity Index (NDSI) to forecast soil salinity levels indirectly. 
The results of the linear regression analysis showed a positive correlation between 
the soil electrical conductivity values and the NDSI values for each month, with 
August having the highest correlation (R2 = 0.70). The study found that the cotton 
growth stages and the process of soil salinity formation in the study area were the 
main factors affecting the correlation between electrical conductivity and NDSI.  The 
model developed in this study has R2 value of 0.70. This suggests a moderate to 
strong relationship between the two variables, which is promising for the indirect 
assessment of soil salinity using the NDSI index. The study discovered a positive 
relationship between soil electrical conductivity and NDSI values, which were 
highest in pre-flowering and flowering stages of cotton. Our findings show that 
satellite-based estimation and modeling with NDSI can be used to indirectly assess 
cotton field soil salinity, especially during the pre-flowering and flowering stages. 
This study contributes to the development of optimal satellite data acquisition 
timing, which can improve soil salinity predictions and agricultural productivity. 

Keywords: Cotton, index, soil, salinity, satellite image. 
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Introduction 
Salinity is a pervasive issue in many arid and semi-arid regions worldwide, including Uzbekistan, where it 
significantly impacts crop productivity and agricultural yields  (Hamad, 2016; Asfaw et al., 2018; Zörb et al., 
2019). In Uzbekistan alone, saline soils affect half of the 4.2 million-hectare irrigated agricultural area 
(Kholdorov et al., 2022). Several factors contribute to soil salinization, such as mineralization, groundwater 
depth, and the imbalance between precipitation and evaporation (Stavi et al., 2021; Zhang et al., 2022). It is 
crucial to map and monitor soil salinity for national food security purposes. While conventional techniques 
for mapping and monitoring geographical and temporal changes in soil salinity exist, they may prove to be 
slower, more costly, and more intensive than remote sensing technologies (Tan et al., 2023). Given the 
substantial variability in soil salinity across large regions and timeframes, the effective mapping and 
monitoring of soil salinity in irrigated lands is crucial (Kholdorov et al., 2023a). 
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Remote sensing has recently become an effective approach for soil salinization mapping because of its rapid 
updates, large coverage, and significant spectrum information. Nevertheless, remote sensing applications are 
severely constrained when the soil surface is partially vegetated, since vegetation may affect the overall 
spectral features of saline soil, resulting in poor forecast accuracy (Liu et al., 2019). However, plant cover may 
be utilized as the primary indication of agricultural land salinity. Vegetation indices were utilized as indirect 
indicators in various investigations to demonstrate a relationship between remote sensing spectral 
reflectance and soil salinity (Khajehzadeh et al., 2022; Li et al., 2022). Some research has utilized salinity 
indices, which are strongly connected to vegetative cover, to assess cropland salinity (Aslanov et al., 2021; 
Kholdorov et al., 2023b). The degree of soil salinisation is intimately connected to vegetation characteristics. 
For example, plants may generate less chlorophyll when stressed by high soil salt levels, resulting in 
alterations in the reflectance spectra of leaves (Zhu et al., 2021). As plants are subjected to biotic and abiotic 
stress (such as salt), their photosynthetic activity diminishes, resulting in increased visible reflectance and 
decreased near-infrared reflectance (NIR) from the vegetation (Scudiero et al., 2015).  Soil salinity has been 
determined in areas with different types of vegetation, including cotton vegetation (Pankova and Mazikov, 
1985; Zhang et al., 2021). Cotton is considered an ideal indicator for assessing soil salinity in irrigated drylands 
because of its strong correlation with electrical conductivity (Metternicht and Zinck, 2003). Aerial imaging 
techniques are effectively employed to map and quantify soil salinity levels in cotton fields by integrating 
image analysis, spectral observations, and ground-truth data (Wiegand et al., 1994).  Accurate estimation of 
salinity from satellite imagery is contingent on the temporal dimension of image data acquisition. Pankova 
and Mazikov (1976) established the most favorable timing for detecting salinization in cotton fields using 
aerial photographs as their principal data source. In Turkey, the evaluation of soil salinity relies on 
hyperspectral remote sensing and the spectral characteristics of crops, such as cotton and wheat, confirming 
their suitability for detecting soil salinity (Allbed and Kumar, 2013). Ivushkin et al. (2017) conducted a study 
in Uzbekistan's salt-affected semi-arid Syrdarya Province, utilizing MODIS satellite data to monitor canopy 
temperature. Their research revealed significant correlations between soil salinity and canopy temperature, 
with the most pronounced associations observed in cotton fields, particularly in September. Advancements in 
remote sensing technology have resulted in improved accuracy and precision for measuring soil salinity. 
Advanced satellite sensors can provide a precise assessment of salinity levels in cotton fields, thereby enabling 
efficient crop management and yield optimization. The indirect estimation of soil salinity using satellite image 
is relatively straightforward when studies are conducted on a variety of plant species. This is because the large 
variation in soil salinity that results from the diversity of the environment makes the estimation of soil salinity 
relatively straightforward. However, when only cotton fields are considered, the variation in soil salinity may 
be quite minimal. The existence of salt-tolerant weeds in cultivated fields has the potential to decrease the 
accuracy of indirect salinity determination as these plants are able to flourish in saline environments. 
Nevertheless, in the cotton fields of the study region, salt-tolerant weeds are rarely observed due to the 
implementation of regular weed control measures. Additionally, the study was conducted in these cotton fields 
because they represent over half of the agricultural land in Mingbulak district. This makes it possible to 
produce a district-level salinity map utilizing the developed model. Because of this, the applicability of existing 
methods for estimating soil salinity from remote sensing data is called into question. It is necessary to conduct 
additional research in order to determine whether or not such methods can be applied successfully in this 
context. Furthermore, the time of year when the image data used for this purpose is captured is also 
considered to be important in accurately estimating salinity from satellites. However, to the best of our 
knowledge, there are no studies that have investigated the optimal timing in Mingbulak disrtrict of Uzbekistan. 

We used satellite-based estimation and modelling to fill the knowledge gap in indirect soil salinity analysis in 
cotton fields in Mingbulak, Uzbekistan. Our novel method uses satellite images to determine the best time to 
estimate soil salinity levels, improving our understanding of indirect soil salinity and plant growth. We used 
five months of Landsat 8 Operational Land Imager images and linear regression analysis of NDSI values from 
the satellite images because of based on our previous study where we compared 17 indices obtained from 
Landsat 8 and Sentinel-2A satellite data and found that Landsat 8 NDSI index provided highly accurate 
estimates of soil salinity (Kholdorov et al., 2023b). In total, we used five months of satellite imagery and 
collected soil samples from 40 points in the study field to verify EC values. Research questions: How well do 
satellite-based estimation and modeling indirectly assess soil salinity in cotton fields in Mingbulak district?  
When should satellite images be used to estimate indirect soil salinity in study cotton fields? We aimed to 
create a high-resolution remote sensing and statistical model for indirectly analyzing soil salinity. Our results 
will help policymakers and farmers manage indirect soil salinity in Mingbulak. This study will bridge satellite-
based estimation and soil salinity analysis, improving our understanding of cotton field soil salinity dynamics. 
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Material and Methods 
Study area 

The research was carried out in Uzbekistan's Mingbulak district. The Mingbulak district is critical to the 
agricultural local economy (Figure 1). Irrigated cropland accounted for 37779 hectares of the total land area 
of 52580 ha. The majority of irrigated soil groups are represented by Gleysols or Solanchaks. The Mingbulak 
district is critical to the agricultural local economy. Irrigated cropland accounted for 37779 hectares of the 
total land area of 52580 ha. Cotton is the most important industrial crop farmed in the region.  

Two soil types that are frequently found in the Minbulak district of Namangan, Uzbekistan, are gleysols and 
solonchaks. Poor drainage and the presence of gley and rust stains in the deeper soil layers are two 
characteristics of gleysols. In contrast, solonchaks are saline soils that have a high concentration of soluble 
salts and are typically found in arid and semiarid areas with shallow groundwater. Due to their physical and 
chemical characteristics, both soil groups have a restricted potential for agriculture. In the Minbulak district, 
where they make up the majority of irrigated soil groups, Gleysols and Solonchaks are still frequently used for 
irrigation. In the Minbulak district, the predominant soil types for Gleysols and Solonchaks are sandy loam, 
sandy clay loam, and sandy clay, with a homogeneous structure made up of layers with a light mechanical 
composition. 

 
Figure 1. Study location and soil sampling points 

Soil sample collection and laboratory analysis  

Soil samples were collected at a depth of 0-20 cm from 40 randomly selected points in various fields with 
similar management practices to cotton planting in the study area from September 18 to September 25, 2022 
(Figure 1). The exact coordinates of each sampling point were determined using a global positioning system 
(GPS).  

Soil samples' EC values were determined using a soil-and-water suspension with a concentration of one-fifth 
(1:5). Twenty grams of air-dried soil was placed in a 250 ml polyethylene Erlenmeyer flask, 100 ml of distilled 
water was added (1:5, weight/volume), the flask was sealed with glass caps, and it was inverted and shaken 
in a horizontal position using a piston shaker. Shaken for 60 minutes at 180 osc min-1. After 30 minutes of 
shaking, the mixture was taken out of the shaker and left to rest. The EC value (in dS m-1) was determined to 
be optimal at a temperature of 25 degrees Celsius (FAO, 2021). The electrical conductivity values of the 1:5 
soil extracts obtained in the laboratory were converted to ECe using a conversion factor specific to the soil 
texture of the study area to ensure consistency with the USDA classification (Richards, 1954). The conversion 
was carried out using the following formula, which takes into account the soil texture-specific conversion 
factor CF (CF = 10)  

ECe=EC1:5 × CF 
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Satellite data  

As a satellite image, Landsat 8-9 Operational Land Imager (OLI) Thermal Infrared Sensor (TIRS) Collection 2 
Level 2 images were used to develop a model for estimating soil salinity. The Landsat-8 image was obtained 
from the website (www. earth explorer.gov) of the United States Geological Survey (USGS). The Landsat 8-9 
Operational Land Imager (OLI) Thermal Infrared Sensor (TIRS) Collection 2 Level images have a spatial 
resolution of 30 m for most bands, with a higher resolution available in the panchromatic band (15 m) and a 
lower resolution for thermal bands (100 m). Landsat 8-9 OLI/TRIS 2 Level data encompass visible, near-
infrared, shortwave infrared, cirrus, and thermal infrared bands. They are characterized by a repeat cycle of 
approximately 16 days and a radiometric resolution of 12 bits per pixel. These images were preprocessed, 
including atmospheric correction and geometric rectification, making them ready for analysis. Landsat 8-9 
OLI/TRIS 2 Level data are freely accessible and widely used for diverse applications in environmental 
monitoring, land cover classification, and more (Vaughn, 2019). Between May and September 2022, satellite 
images were obtained on five occasions at various times. On the following dates, the data was downloaded: 
May 24, 2022, June 25, 2022, July 27, 2022, August 20, 2022, and September 21, 2022. Band 4 (red) and band 
5 (near-infrared) of Landsat 8-9 OLI/TRIS were used indirect estimating soil salinity as Normalized Difference 
Salinity Index (NDSI) with following equation (Khan et al., 2001). 

NDSI = (Red − NIR)/(Red + NIR) 

For all five downloads, the NDSI index was calculated using the same equation and index source, with no 
variations or modifications. The primary reason for using the Normalized Difference Salinity Index (NDSI) as 
mentioned above, index determination of soil salinity in the study area is that in previous studies, the NDSI 
index demonstrated the highest accuracy among salinity indices (Aslanov et al., 2021; Kholdorov et al., 2023b). 
Using satellite images of the study area, NDSI index values were calculated using ArcGIS 10.8 software. Each 
soil sampling point's NDSI values were obtained separately from 5 months of satellite images. 

Statistical analysis and model development  

Regression analysis was carried out utilizing EC laboratory data which soil samples were taken from depths 
of 0-20cm. Models explaining soil EC from the NDSI salinity index obtained from the satellite were developed 
by a single regression analysis using the least squares method with modelling datasets. The model with the 
best fit was adopted by linear regression.  Microsoft Excel was used for tabulation and statistical analyses. 
Regression analysis was performed on a cross-section of all downloaded satellite images corresponding to the 
cotton growing season. 

Results and Discussion 

Laboratory and image analysis results   

Laboratory analysis and ArcGIS software were used to collect data for the study. Table 1 presents the EC values 
obtained by laboratory analysis of soil samples from the study area and the results obtained by processing 
satellite images. The soils of the study area are nonsaline (0-2 dS m-1), slightly saline (2-4 dS m-1), and 
moderately saline (4-8 dS m-1) based on EC values  

obtained in the laboratory and calcification suggested by USDA (Richards, 1954). The main reason for the 
absence of highly saline and very highly saline levels in the study area is that salt leaching measures are done 
every year before cotton planting. Furthermore, cotton cultivation takes place primarily in non-saline areas. 
Despite the fact that cotton is a relatively salt-tolerant crop, increased soil salinization would compromise its 
ability to cope with salt stress (Zafar et al., 2022). Cotton grown on non-saline soil has significantly higher 
productivity and vegetative development than cotton grown under the influence of salinization (Guo et al., 
2012).  

The NDSI values obtained from analyzing satellite images downloaded at five different times for the study vary 
considerably. NDSI values changed significantly according to the cotton growing season (Figure 2). The NDSI 
value was high in the first month of cotton development (May), but it dropped dramatically when cotton 
reached its peak of development (August). The main trend line in Figure 2 is the 36 ID soil sampled field, where 
the NDSI value did not change consistently due to the abundance of salt-tolerant weeds. The reasons for the 
change in NDSI values are discussed in detail in the statistical analysis and modeling results section. 
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Table 1. EC values and monthly NDSI values for each soil sampling point 

ID EC, dSm-1 
NDSI values 

May June July August September Average 
1 3.25 -0.143 -0.317 -0.312 -0.303 -0.200 -0.255 
2 1.22 -0.124 -0.297 -0.334 -0.387 -0.179 -0.264 
3 2.23 -0.112 -0.314 -0.344 -0.337 -0.279 -0.277 
4 1.2 -0.147 -0.308 -0.410 -0.419 -0.201 -0.297 
5 1.82 -0.057 -0.190 -0.352 -0.328 -0.146 -0.215 
6 1.38 -0.088 -0.297 -0.407 -0.408 -0.229 -0.286 
7 2.3 -0.069 -0.212 -0.346 -0.360 -0.169 -0.231 
8 1.27 -0.124 -0.380 -0.386 -0.394 -0.204 -0.297 
9 0.86 -0.074 -0.284 -0.331 -0.372 -0.198 -0.252 

10 2.29 -0.143 -0.239 -0.313 -0.335 -0.186 -0.243 
11 1.75 -0.092 -0.291 -0.381 -0.400 -0.192 -0.271 
12 2.07 -0.118 -0.343 -0.398 -0.425 -0.204 -0.298 
13 1.6 -0.149 -0.281 -0.337 -0.356 -0.216 -0.268 
14 3.05 -0.096 -0.204 -0.291 -0.340 -0.183 -0.223 
15 1.64 -0.093 -0.317 -0.364 -0.368 -0.224 -0.273 
16 2.18 -0.080 -0.197 -0.334 -0.310 -0.175 -0.219 
17 2.38 -0.116 -0.249 -0.331 -0.360 -0.159 -0.243 
18 1.58 -0.116 -0.249 -0.331 -0.360 -0.159 -0.243 
19 0.42 -0.120 -0.363 -0.406 -0.429 -0.226 -0.309 
20 1.29 -0.126 -0.351 -0.375 -0.390 -0.208 -0.290 
21 0.49 -0.119 -0.364 -0.462 -0.460 -0.234 -0.328 
22 3.3 -0.123 -0.185 -0.326 -0.311 -0.217 -0.232 
23 2.01 -0.101 -0.337 -0.409 -0.420 -0.275 -0.308 
24 2.36 -0.101 -0.215 -0.342 -0.343 -0.220 -0.244 
25 2.25 -0.163 -0.276 -0.314 -0.338 -0.224 -0.263 
26 2.04 -0.161 -0.363 -0.403 -0.414 -0.221 -0.312 
27 0.75 -0.072 -0.226 -0.361 -0.392 -0.178 -0.246 
28 1.16 -0.124 -0.317 -0.391 -0.410 -0.244 -0.297 
29 2.36 -0.113 -0.280 -0.334 -0.346 -0.179 -0.250 
30 2.24 -0.079 -0.272 -0.335 -0.348 -0.179 -0.242 
31 1.9 -0.066 -0.150 -0.344 -0.332 -0.153 -0.209 
32 1.43 -0.092 -0.261 -0.365 -0.384 -0.163 -0.253 
33 2.21 -0.080 -0.296 -0.350 -0.384 -0.211 -0.264 
34 0.5 -0.083 -0.306 -0.418 -0.433 -0.242 -0.297 
35 3.26 -0.156 -0.180 -0.263 -0.296 -0.198 -0.219 
36 4.5 -0.161 -0.170 -0.150 -0.160 -0.160 -0.160 
37 0.42 -0.139 -0.289 -0.417 -0.422 -0.247 -0.303 
38 0.46 -0.083 -0.251 -0.400 -0.425 -0.224 -0.277 
39 3.18 -0.106 -0.229 -0.296 -0.332 -0.234 -0.240 
40 2.19 -0.109 -0.292 -0.308 -0.358 -0.231 -0.260 

 

 
Figure 2. Seasonal variation in NDSI by soil sampling site 
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Results of statistical analysis and modelling  

The results of our linear regression analysis showed a positive relationship between the EC values of the soil 
samples and the NDSI values derived from satellite images for each month (Figure 3).  The R2 values show a 
significant and precise relationship (R2 = 0.70) between the soil EC value and the NDSI value obtained from 
the August satellite image. Based on previous studies by Pankova and Mazikov (1976), it was determined that 
the optimal shooting time for cotton, particularly in Uzbekistan, is during late summer and early autumn. 
Pankova and Mazikov (1985) used aerial photographs to determine this, and later published a detailed 
methodology in 1985 recommending flight dates during this period. 

 

Figure 3. Relationships between EC value and monthly NDSI value 

Based on the R2 values, the order of highest to lowest correlation is as follows: July (R2 = 0.66), the 5-month 
average (R2 = 0.47), June (R2 = 0.26), May (R2 = 0.07), and September (R2 = 0.06). There are several reasons 
for the high correlation between August and July. The NDSI index used in the study can be used to detect soil 
salinity directly.  It detects salinity through the visible white salt crusts on the bare soil surface (Ijaz et al., 
2020). However, in the remote sensing process, the cotton plant's covering of the soil surface significantly 
reduces the possibility of detecting salt particles directly on the soil surface using the NDSI index. 
Nevertheless, NDSI can be used in conjunction with plant reflectance measurements to better understand the 
spatial distribution and severity of soil salinity (Elhag and Bahrawi, 2017).  Salinity-induced stress in cotton 
plants was determined indirectly in this study using changes in visible and near-infrared reflectors. Based on 
this, the linear regression analysis results can be divided into binary main factors. The main two factors are 
the cotton growth stages and the process of soil salinity formation in the study area depending on the period 
of cotton growth (Figure 4). August has the highest correlation between EC and NDSI, and the first reason for 
this is the cotton plant's growing season. The cotton plant is planted in the Mingbulak district, which is the 
research area, in the middle of April, and the vegetation period lasts until the beginning of November (Figure 
4).  

As a result, cotton's initial development occurs during the months of April, May, and June, when the plant is 
small and has few leaves. This had an effect on the NDSI values, limiting the plant's ability to separate visible 
and infrared reflectance. This reduces the possibility of indirect determination of salinity.  If we look at the 
period of cotton growth, the peak of vegetative development corresponds to the end of July and August. During 
this period, the plant canopy covers a large portion of the pixel surface, appearing as the object with the 
greatest influence on spectral emissivity, so leaves become the transmitter of soil salinity effects (Salcedo et 
al., 2022). This indicates that it is the optimal period for determining indirect salinity. Cotton harvest aids 
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involve the use of chemical defoliants to disrupt cotton's physiological and biochemical processes (Chen et al., 
2022). Cotton grows and matures faster, and its leaves fall off earlier. Cotton cultivation defoliation activities 
are carried out in the study region in September. Green leaves begin to dry and fall off as a result. This 
significantly reduces remote sensing's ability to indirectly determine soil salinity using the example of a cotton 
plant, as well as the correlation between EC and NDSI for September in this study. 

 
Figure 4. Diagram of seasonal variation in the growth of cotton mulberry and the degree of salt accumulation 

As a result, cotton's initial development occurs during the months of April, May, and June, when the plant is 
small and has few leaves. This had an effect on the NDSI values, limiting the plant's ability to separate visible 
and infrared reflectance. This reduces the possibility of indirect determination of salinity.  If we look at the 
period of cotton growth, the peak of vegetative development corresponds to the end of July and August. During 
this period, the plant canopy covers a large portion of the pixel surface, appearing as the object with the 
greatest influence on spectral emissivity, so leaves become the transmitter of soil salinity effects (Salcedo et 
al., 2022). This indicates that it is the optimal period for determining indirect salinity. Cotton harvest aids 
involve the use of chemical defoliants to disrupt cotton's physiological and biochemical processes (Chen et al., 
2022). Cotton grows and matures faster, and its leaves fall off earlier. Cotton cultivation defoliation activities 
are carried out in the study region in September. Green leaves begin to dry and fall off as a result. This 
significantly reduces remote sensing's ability to indirectly determine soil salinity using the example of a cotton 
plant, as well as the correlation between EC and NDSI for September in this study. 

Although soil samples collected in September were theoretically predicted to have the highest correlation. 
Another significant aspect is that the mineralogical composition of groundwater is one of the primary causes 
of salinity in the study area. Cotton fields in the study area are primarily irrigated through furrows, causing 
groundwater levels to rise. The evaporation of underground water is caused by high temperatures during the 
summer months (Corwin, 2021; Jahanbazi et al., 2023; Zhang et al., 2023). The maximum temperature in May 
was 36 °C, 40 °C in June, 41 °C in July, 36 °C in August, and 38 °C in September, according to data from the 
meteorological station installed in the study area. The evaporation of underground water reached its 
maximum in July, and as a result, this effect was hidden in August, resulting in the greatest amount of salt 
accumulating around the plant's roots (Figure 4). Because of the salt accumulation around the roots, the 
plant's ability to absorb nutrients and water through the roots is limited, resulting in a stress situation in the 
plant (Kholliyev et al., 2020). As a consequence, it is reasonable to infer that a high accuracy correlation 
between EC and NDSI was observed in August.   

After investigating the relationship between soil salinity and the NDSI index, we used the NDSI to model 
obtained in August for indirect soil salinity assessment (EC). As a result, the relationship between EC and NDSI 
was established, as shown in the equations below, with R2 = 0.70: 

EC = 14.55 × NDSI +7.20 
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Using this model, it is possible to deduce the EC level of soils indirectly by remotely analyzing cotton field 
satellite imagery acquired in the Mingbulak region during August. Although previous studies have used aerial 
photographs to determine soil salinity, this study utilized more advanced satellite sensors that were not 
available at the time of those studies. These newer sensors provide more accurate and up-to-date information 
on soil salinity. Therefore, the findings of this study can be considered an update and improvement on 
previous research. It is critical to recognize that the outcomes produced by salinity index models are heavily 
dependent on the various environmental factors present in the study area. As a result, it is plausible to assert 
that the salinity index and its corresponding models may produce divergent results in different environments. 

Conclusion 
The relationship between soil salinity and the normalized difference salinity index (NDSI) derived from 
satellite images was investigated in this study for the Mingbulak region of Uzbekistan. According to the 
research findings, there is a positive correlation between soil EC values and NDSI values for each month, with 
pre-flowering and flowering stages August having the highest correlation (R2 = 0.70), as determined by the 
linear regression analysis. 

Furthermore, when analyzing the correlation between EC and NDSI, the study emphasized the importance of 
accounting for cotton growth stages and the process of soil salinity formation in the study area. The authors 
determined that August is the best time to use the NDSI index to indirectly determine soil salinity because it 
corresponds to the peak of vegetative development in the cotton plant, which maximizes the plant's ability to 
reflect the effects of soil salinity. Additionally, the study proposed a model for indirect soil salinity assessment 
based on the NDSI index obtained in August, which can be used for remote analysis of cotton field satellite 
imagery to determine soil EC levels. However, when applying this model in different regions, it is critical to 
consider environmental factors. Accurately identifying the source of stress, whether salinity, lack of water, or 
nutrients, is critical for obtaining reliable results in plant stress assessment. The timing of the survey with 
respect to watering was not specifically addressed in our study which may impact on the interpretation of 
remote sensing data, and we recognize this as a limitation that will be considered in future studies. It is 
recommended that irrigation tables be used in conjunction with soil nutrient analysis to achieve greater 
accuracy. Besides that, the authors intend to improve the precision of their models in future research by 
collecting soil samples throughout the yearand tracking soil salinity and nutrient levels. This will allow them 
to create more precise models for assessing soil salinity in agricultural areas. Overall, we found a positive 
correlation between soil EC values and NDSI values, with the highest correlation found in pre-flowering and 
flowering stages of cotton. Our results suggest that satellite-based estimation and modeling using NDSI can 
provide a reliable means of indirectly assessing soil salinity levels in cotton fields. This enables the creation of 
salinity maps for indirect soil salinity assessment via remote sensing in countries with extensive cotton 
cultivation, such as Uzbekistan. This approach can potentially save significant time and economic resources 
compared to traditional soil salinity determination methods. 
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 Abstract 
Article Info This extensive 10-year study conducted in Northern Kazakhstan investigates the 

intricate relationship between soil management techniques, crop rotations, and soil 
organic matter (SOM) content in Chernozem soils, an essential agricultural resource 
in the region. The experiments were established at the Karabalyk Agricultural 
Experimental Station, characterized by a arid continental climate. The study 
systematically examined the impact of two primary soil management techniques, 
conventional tillage (CT) and no-tillage (NT), in combination with various crop 
rotations. The crop rotations tested included grain-fallow rotations, fruit-exchange 
crop rotations, and an eight-field fruit-exchange crop rotation. The results provide 
valuable insights into the sustainable management of Chernozem soils in arid 
conditions, underscoring the role of crop rotation strategies in preserving SOM 
content. The findings reveal that among the crop rotations tested, the eight-field 
fruit-exchange crop rotation exhibited the most favorable outcomes for SOM 
preservation. This rotation helped maintain relatively stable SOM levels over the 10-
year study period, contributing to soil health and fertility. In the context of the 
region's arid climate, the choice of soil management technique (CT or NT) had a 
limited impact on SOM content. The stability of SOM levels across diverse crop 
rotations and years highlights the dominant influence of crop management practices 
in this distinctive agricultural environment. This research serves as a valuable 
reference for tailored approaches to ensure soil health and organic matter 
preservation in the unique conditions of Northern Kazakhstan. It promotes the 
adoption of diversified crop rotations, with particular emphasis on the effectiveness 
of the eight-field fruit-exchange crop rotation, as a powerful strategy to mitigate 
organic matter loss, enhance soil quality, and optimize soil fertility in arid 
agricultural landscapes. The insights gained from this study are vital for sustainable 
land management in the region and underscore the importance of region-specific, 
holistic investigations to guide effective agricultural practices. The findings offer a 
solid foundation for the development of strategies that address soil health and 
safeguard the integrity of essential soil resources in these unique environments. The 
study conducted at the Karabalyk Agricultural Experimental Station in Northern 
Kazakhstan between 2011 and 2021 provides critical insights into the relationship 
between soil management techniques, crop rotations, and SOM content in 
Chernozem soils. The research suggests that diversified crop rotations, particularly 
the eight-field fruit-exchange crop rotation, represent a promising approach for 
mitigating organic matter loss and enhancing soil quality in arid regions. 

Keywords: Chernozem soils, soil organic matter, soil management techniques, crop 
rotations, tillage. 
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Introduction 
Soil, an indispensable natural resource, serves as the lifeblood of agricultural production, food security, and 
environmental equilibrium, particularly in regions characterized by arable landscapes like Kazakhstan. In 
such areas, the preservation of soil fertility and the sustainable management of this vital resource stand as 
pivotal drivers for agricultural advancement (Saparov, 2014). Central to the concept of soil fertility is the soil 
organic matter (SOM) content, a fundamental determinant of crop productivity and soil quality (Kızılkaya and 
Hepşen Türkey, 2014; Gülser et al., 2015; İslamzade et al., 2023).  

Traditional agricultural practices, while undeniably essential for food production, often carry the unintended 
consequences of water scarcity, soil erosion, and a reduction in soil fertility (Montgomery, 2007; Quinton et 
al., 2010). Recognizing these challenges, there has been a significant shift towards the adoption of 
conservation agriculture, an approach aimed at enhancing the sustainability of agroecosystems (Farooq et al., 
2011; Zhang et al., 2016). Conservation agriculture introduces diversity into the cultivation landscape, 
favoring crop rotation over the continuous cultivation of a single crop species. This approach contributes to 
the conservation of soil organic carbon (West and Post, 2002; Tiemann et al., 2015). Furthermore, 
conservation tillage practices, defined by the retention of at least 30% of soil surface cover through crop 
residues, mitigate physical disturbances to the soil structure and can aid in the restoration of soil fertility 
(Madejon et al., 2009; Liu et al., 2014). 

Understanding the intricacies of how crop rotation and conservation tillage impact soil properties has been 
the subject of extensive field and incubation studies (Bünemann et al., 2004; Jacinthe and Lal, 2005; Madari et 
al., 2005; Salvo et al., 2010; Xu et al., 2013; Suleimenova et al., 2019; Ospanbayev et al., 2023). Collectively, 
these studies have presented a multifaceted view of the relationship between these practices and soil organic 
carbon. While some research indicates that conservation practices promote the accumulation of organic 
carbon in the surface layer of soil, primarily due to crop residue retention (Mazzoncini et al., 2016; 
VandenBygaart et al., 2010), others have reported less pronounced effects or no significant differences 
compared to conventional tillage and monoculture approaches (Angers et al., 1997; Barbera et al., 2012; 
Chatterjee et al., 2016; Sombrero and de Benito, 2010). Consequently, the dynamics of soil organic carbon 
content in response to crop rotation and various tillage practices remain intricate and warrant further 
exploration. 

Ordinary chernozem soils, prevalent in regions like Kostanay, are distinguished by their naturally high SOM 
content, predominantly concentrated within the 60-80 cm horizon, where average SOM hovers around 7% 
(Saparov, 2014). Although these soils experience alterations due to anthropogenic activities, their 
fundamental classification generally remains intact. However, debates persist regarding whether prolonged 
human influence can engender substantial shifts in soil formation.  

The sustained cultivation of crops over time, particularly within monoculture systems, has had a gradual and 
adverse effect on SOM content. Recent soil analyses conducted at the Karabalyk Agricultural Experimental 
Station tell a telling tale – by 2021, the SOM content had dwindled to 5.0-5.5%, marking a disconcerting loss 
exceeding 20% over half a century (Kabbozova-Saljnikov, 2004). These changes have driven the adoption of 
intensive mechanical soil treatments, aimed at controlling weeds, retaining moisture, and preserving 
nutrients. However, these very mechanical actions foster the mineralization of SOM in fallow fields 
(Kabbozova-Saljnikov, 2004). In recent years, the agricultural sector in northern Kazakhstan has witnessed 
the implementation of systemic measures aimed at adopting highly efficient no-tillage technology. This 
innovative approach to soil management, as introduced in the region, has played a pivotal role in mitigating 
soil erosion processes and bolstering grain crop yields (FAO, 2013; Saparov, 2014). Furthermore, various 
agricultural zones across the Republic of Kazakhstan have embraced the foundational principles of resource-
conserving agriculture. This involves the implementation of mulch systems utilizing plant residues and, in 
some cases, a significant reduction or even the complete elimination of mechanical tillage. Consequently, the 
adoption of No-tillage technology has emerged as a linchpin in advancing the sustainability of dryland 
agriculture in the region. It achieves this by curbing erosion, enhancing soil quality, and augmenting the 
overall ecosystem services provided by the soil. 

This study seeks to explore the ramifications of various tillage technologies, crop rotations, and precursors on 
SOM content in ordinary chernozem soils, particularly in the context of moderately arid steppe conditions. To 
this end, our research pursues several core objectives: 
 Conduct a comprehensive comparative assessment of the influence of diverse tillage technologies on 

SOM content. 
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 Elucidate the distinctions in SOM preservation between grain fallow and fruit-exchange crop rotations, 
with a focus on the technological applications employed. 

 Investigate the effects of continuous spring wheat cultivation on SOM content in contrast to crop 
rotations. 

 Identify and recommend the most effective crop rotation strategies and processing technologies to 
mitigate SOM losses. 

Furthermore, our research benefits from an extensive dataset collected at the Karabalyk Agricultural 
Experimental Station, spanning from 2011 to 2021 and encompassing the transition to a diversified eight-field 
fruit-exchange crop rotation. By comparing the long-term effects of zero technology with traditional practices, 
our study aims to make significant contributions to the ongoing discourse surrounding soil health and fertility 
preservation in Kazakhstan's agricultural landscape. 

Material and Methods 
Experimental Site 

The study was conducted at the Karabalyk Agricultural Experimental Station which is situated in the 
Karabalyk region, Kazakhstan (53°50´N, 62°05´E). The experimental site is characterized by typical 
chernozem soils in a region with a high-water table, with a humus horizon thickness ranging from 40 to 60 
cm. The soil is characterized by high base saturation (95-98%), primarily dominated by Ca2+ (29.7 meq 100 g-

1) in the soil exchange complex, low Na+ content (0.22 meq 100 g-1), resulting in low swelling and good 
sediment absorption properties. The soil's pH in aqueous extract is near neutral (6.6-7.0). The nutrient content 
in the arable layer is as follows: total nitrogen (N) - 0.28-0.32%, total phosphorus (P) - 0.11-0.15%, and total 
potassium (K) - 1.8-2.8%. 

 
Figure 1. Location of the experimental site at the Karabalyk Agricultural Experimental Station, Kazakhstan 

The climate of the experimental site is continental and dry with large daily and monthly fluctuation in air 
temperatures. Mean annual temperature is around 2,8°C and the average yearly precipitation was 340 mm. 
The locations of the evaluations were characterized by the continental climate (large daily and annual 
fluctuations in air temperature, characterized by cold winters and long hot summers), the air temperature 
reaches minimum values in January (-17,50С), and maximum values in July (20,60С).  

Experimental Design: 

This study was conducted at the "Karabalyk Agricultural Experimental Station". The rotations were set in a 
randomized complete block design in three replicates with all phases of each rotation present every year. Plot 
size was 55 × 6 m. The experiment followed a split-plot design with four replications, considering two main 
factors: tillage practices (Tillage) and crop rotations. Three tillage practices were examined: (i) Conventional 
Tillage (CT), which involved deep plowing followed by clod fragmentation, (ii) No-till (NT), where all 
mechanical treatments were excluded except for direct seeding after glyphosate application. 

Crop Rotations; 
 Grain-Fallow Crop Rotation (2011-2015) 
 Fruit-Exchange Type Crop Rotation (2011-2015) 
 Eight-Field Crop Rotation (Fruit-Exchange Type) (2016-2021) 
 Eight-Field Crop Rotation (Fruit-Exchange Type) (2016-2021) 
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Agronomic Activities 

Throughout the experimental period, various agronomic activities were meticulously conducted at the 
experimental site. These activities encompassed soil preparation, planting, cultivation, and harvesting, all 
performed in strict adherence to the designated tillage practices and crop rotations. The overarching objective 
was to establish and maintain conditions conducive to crop growth and data collection within the constraints 
of real-world agricultural practices. It is important to emphasize that no external organic matter inputs, aside 
from natural sources such as post-harvest crop residues, were introduced to the soils during the trial period. 
Furthermore, it should be noted that irrigation was exclusively reliant on natural precipitation and excluded 
any supplemental watering practices under controlled conditions. This comprehensive description ensures a 
clear understanding of the ecological and agronomic parameters governing the experimental setup. 

Soil Sampling and SOM analyses 

Soil samples were collected during specific time frames relevant to the study's objectives. Sampling involved 
collecting soil from the topsoil layer (0–20 cm depth) and was performed with three replicates. Soil organic 
carbon was determined using the wet oxidation method. Approximately 0.2 g of air-dried, 0.5 mm-sieved soil 
was oxidized with a solution of potassium dichromate (K2Cr2O7) and sulfuric acid (H2SO4), and the soil organic 
carbon content was determined titrimetrically (Walkley and Black, 1934). 

Results and Discussion 
Table 1 presents the SOM content based on different tillage practices in the grain-fallow crop rotation and 
continuous wheat monoculture for the years 2011 to 2015. Two tillage practices, Conventional Tillage (CT) 
and No-till (NT), were compared to evaluate their effects on SOM content. In the grain-fallow crop rotation, it 
is evident that both CT and NT resulted in similar SOM content across the years, with an average of around 
5.0%. This indicates that the choice of tillage method had a limited impact on SOM in this specific rotation. It's 
important to note that there were no significant differences observed between CT and NT. In contrast, when 
considering continuous wheat monoculture, similar results were observed. The average SOM content 
remained around 5.0% for both CT and NT, indicating that neither tillage method had a substantial impact on 
SOM in this scenario. 

Table 1. SOM content based on different tillage practices in grain-fallow crop rotation and continuous wheat monoculture 
(2011 - 2015, %) 

Year Tillage 

Crops of grain-fallow crop rotation Average 
crop 

rotation 

Monoculture 
of wheat 

 
Fallow  

Wheat 1 
after fallow 

Wheat 2 
after wheat 

Wheat 3 
after  wheat 

2011 
CT 4,8 5,2 5,2 5,2 5,1 5,0 
NT 5,0 5,2 5,0 5,0 5,1 5,0 

2012 
CT 5,0 5,4 5,4 5,3 5,3 5,0 
NT 5,1 5,4 5,2 5,2 5,2 5,0 

2013 
CT 4,7 5,1 5,1 5,1 5,0 4,9 
NT 4,9 5,1 4,9 4,9 5,0 4,9 

2014 
CT 4,8 5,4 5,2 5,3 5,2 4,9 
NT 5,1 5,4 5,1 5,1 5,2 4,9 

2015 
CT 4,7 5,2 5,1 5,1 5,1 5,0 
NT 5,0 5,2 5,0 5,0 5,0 5,0 

Average  
CT 4,8 5,3 5,2 5,2 5,1 5,0 
NT 5,0 5,3 5,0 5,0 5,1 5,0 

Table 2 presents the SOM content based on different tillage practices in the fruit-exchange type crop rotation 
and continuous wheat monoculture for the years 2011 to 2015. The same tillage practices, CT and NT, were 
evaluated in this rotation. In the fruit-exchange type crop rotation, there was a slight variation in SOM content 
between CT and NT, with the average SOM content for CT being around 5.2% and for NT around 5.4%. These 
results suggest that NT may have a slightly positive effect on SOM content compared to CT in this specific 
rotation. For continuous wheat monoculture, the average SOM content for CT was around 5.0%, while for NT, 
it was also around 5.0%. These results indicate that, similar to the grain-fallow crop rotation, the choice of 
tillage method had minimal impact on SOM content in continuous wheat monoculture. 

Table 3 presents the SOM content based on different tillage practices in the first section of the eight-field crop 
rotation in the fruit-exchange type and continuous wheat monoculture for the years 2016 to 2021. In this 
rotation, CT and NT were compared. For the first section of the eight-field crop rotation, both CT and NT 
resulted in similar SOM content, with an average of around 4.9%. This suggests that the choice of tillage 
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method did not have a significant impact on SOM content in this section of the rotation. In the case of 
continuous wheat monoculture, the average SOM content for both CT and NT remained around 4.9%. Thus, as 
in previous cases, the choice of tillage method had limited effects on SOM content in continuous wheat 
monoculture. 

Table 2. SOM content based on different tillage practices in fruit-exchange type crop rotation and continuous wheat 
monoculture (2011 - 2015, %) 

Year Tillage 
Crop rotation crops of the fruit-exchange type Average by 

crop 
rotation 

Monoculture 
of wheat Pea   

Wheat 
after peas 

Oilseed flax 
after wheat 

Wheat after 
oilseed flax 

2011 
CT 5,1 5,4 5,4 5,2 5,3 5,0 
NT 5,4 5,4 5,2 5,2 5,3 5,0 

2012 
CT 5,2 5,4 5,4 5,3 5,3 5,0 
NT 5,5 5,4 5,3 5,2 5,4 5,0 

2013 
CT 5,4 5,6 5,5 5,3 5,5 4,9 
NT 5,7 5,5 5,4 5,6 5,6 4,9 

2014 
CT 5,2 5,4 5,4 5,3 5,3 4,9 
NT 5,5 5,4 5,3 5,2 5,3 4,9 

2015 
CT 5,1 5,4 5,4 5,2 5,3 5,0 
NT 5,4 5,4 5,2 5,2 5,3 5,0 

Average  
CT 5,2 5,4 5,4 5,3 5,3 5,0 
NT 5,5 5,4 5,3 5,3 5,4 5,0 

Table 3. SOM content based on different tillage practices in the first section of the eight-field crop rotation in fruit-
exchange type and continuous wheat monoculture (2016-2021, %) 

Year Tillage 

Crops of the first section of the crop rotation of the 
fruit-exchange type Average by 

section 
Monoculture 

of wheat 
Fallow   

Wheat after 
fallow 

Pea after 
wheat 

Wheat after 
pea  

2016 
CT 4,9 5,0 5,4 5,3 5,2 5,0 
NT 4,9 5,4 5,6 5,4 5,3 5,0 

2017 
CT 4,8 4,9 5,3 5,2 5,1 4,9 
NT 4,8 5,3 5,5 5,3 5,2 4,9 

2018 
CT 5,0 5,1 5,5 5,4 5,3 4,9 
NT 5,0 5,5 5,7 5,5 5,4 4,9 

2019 
CT 5,1 5,0 5,4 5,3 5,2 4,8 
NT 5,1 5,4 5,6 5,4 5,4 4,8 

2020 
CT 5,0 5,1 5,5 5,4 5,3 4,9 
NT 5,0 5,5 5,7 5,5 5,4 4,9 

2021 
CT 4,9 5,0 5,4 5,3 5,2 5,0 
NT 4,9 5,4 5,6 5,4 5,3 5,0 

Average 
CT 5,0 5,0 5,4 5,3 5,2 4,9 
NT 5,0 5,4 5,6 5,4 5,4 4,9 

Table 4 presents the SOM content based on different tillage practices in the second section of the eight-field 
crop rotation in the fruit-exchange type and continuous wheat monoculture for the years 2016 to 2021. In this 
section, CT and NT were compared. For the second section of the eight-field crop rotation, both CT and NT 
resulted in similar SOM content, with an average of around 4.9%. This indicates that the choice of tillage 
method did not have a significant impact on SOM content in this section of the rotation. In continuous wheat 
monoculture, the average SOM content for both CT and NT remained around 4.9%, suggesting that the choice 
of tillage method had limited effects on SOM content in this scenario. 

In light of the results obtained in our study, it is evident that the choice of tillage method (CT or NT) had a 
limited impact on SOM content within various crop rotations and continuous wheat monoculture, as 
previously discussed. The SOM content remained relatively stable across the years and rotations, regardless 
of the specific tillage practice employed. These findings indicate that other factors, such as the selection of 
crop type and crop rotation, may exert a more substantial influence on SOM content within the studied 
agricultural landscape. However, it is noteworthy that these conclusions diverge from the outcomes of another 
research effort conducted in North Kazakhstan. In that study, prolonged agricultural land use was observed 
to lead to significant changes in chemical indicators. Over the course of a decade, the SOM content within 
ordinary chernozems exhibited a notable decrease. Specifically, in the arable horizon, the SOM content 
averaged around 5.5% after 10 years of agricultural use, reflecting a 33% reduction in the upper portion and 
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a 23% decrease in the lower part of this horizon (Oshakbaeva, 2006). Moreover, the results of this prior 
investigation highlighted that over two decades of plowing ordinary chernozems, the humus content in the 
arable horizon experienced a slight decline, reaching 5.2%. This decline in humus content amounted to a 32% 
reduction when compared to virgin soils. In the upper section of the arable layer, humus content measured 
5.6%, signifying a 32% reduction in comparison to the humus content of virgin soils. In the lower part of the 
arable horizon, humus content stood at 4.9%, with a 30% reduction relative to virgin lands (Oshakbaeva, 
2006). The disparities between these two studies emphasize the complex and multifaceted nature of soil 
dynamics in agricultural systems. It is imperative to recognize that soil health and organic matter content are 
influenced by a myriad of interacting variables, including climatic conditions, agricultural practices, and 
specific regional characteristics. As such, while our study may suggest a limited impact of tillage practices on 
SOM content, the contrasting findings from the North Kazakhstan research underscore the necessity for 
region-specific and comprehensive investigations to guide sustainable land management practices. These 
insights further underscore the need for context-specific approaches in soil conservation and fertility 
preservation. 

Table 4. SOM content based on different tillage practices in the second section of the eight-field crop rotation in fruit-
exchange type and continuous wheat monoculture (2016-2021, %) 

Year Tillage 

Crops of the second section of the crop rotation of the 
fruit-exchange type Average  

by crop 
rotation 

Monoculture of 
wheat Oilseed 

flax 
Wheat after 

flax 
Lentils after 

wheat 
Barley after 

lentils 

2016 
CT 5,4 5,7 5,6 6,3 5,5 5,0 
NT 5,4 5,5 6,2 5,7 5,5 5,0 

2017 
CT 5,3 5,8 5,5 6,2 5,4 4,9 
NT 5,3 5,4 5,9 5,6 5,4 4,9 

2018 
CT 5,5 6,0 5,7 5,4 5,5 4,9 
NT 5,5 5,6 6,1 5,8 5,6 4,9 

2019 
CT 5,4 5,9 5,6 6,3 5,5 4,8 
NT 5,4 5,5 6,0 5,7 5,5 4,8 

2020 
CT 5,5 6,0 5,7 5,4 5,5 4,9 
NT 5,5 5,6 6,1 5,6 5,6 4,9 

2021 
CT 4,9 5,0 5,4 5,3 5,2 5,0 
NT 4,9 5,4 5,6 5,4 5,3 5,0 

Average 
CT 5,3 5,7 5,6 5,8 5,4 4,9 
NT 5,3 5,5 6,0 5,6 5,5 4,9 

Previous studies have highlighted the multifaceted interplay between SOM dynamics, tillage practices, crop 
rotations, and regional conditions. These studies have consistently emphasized the significance of SOM for soil 
quality and crop productivity (Dick, 1983; Cambardella and Elliott, 1992; La1 et al., 1994; Angers et al., 1997; 
Suleimenova et al., 2019; Jaziri et al., 2022; Ospanbayev et al., 2023). Specifically, investigations comparing 
no-tillage (NT) to conventional tillage have often revealed an increase in SOM, favoring NT, especially in the 
surface soil layer down to the depth of plowing (20-30 cm in most cases). It's worth mentioning that the 
variation in C content in the surface soil layer is consistent with the outcomes of many studies, with fine-
textured soils exhibiting higher C content regardless of tillage practice. Moreover, the long-term implications 
of tillage and crop rotation on SOC have been a subject of considerable interest. In a 36-year long-term 
experiment conducted in Canada, it was demonstrated that SOC was significantly higher for NT (2.73%) 
compared to CT (2.51) (Laamrani et al., 2020). Furthermore, the positive effects of crop rotations on physical, 
chemical, and biological soil properties have been attributed to higher SOC inputs and the diversity of plant 
residues returned to soils (Follett, 2001; Dimassi et al., 2013). The combination of NT and crop rotation has 
been shown to have the potential to further increase SOC and nitrogen content due to improved water use 
efficiency, particularly in semi-arid areas (Luo et al., 2010; Bahri et al., 2019).  

Experimental site in the region's harsh continental climate, characterized by arid summers and frigid winters, 
suggests that the impact of soil processing and crop rotation on organic matter loss may be relatively minimal 
in the experimental site. However, it is essential to acknowledge the intricate interplay of diverse factors, 
including climatic conditions and the regional characteristics that contribute to soil dynamics and organic 
matter content. These findings underscore the necessity for region-specific and comprehensive investigations 
to guide sustainable land management practices. The combined insights from these studies underscore the 
importance of crop diversification and conservation agriculture adoption, particularly in ordinary 
chernozems in arid regions, to mitigate organic matter loss and enhance soil quality and fertility. 
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Conclusion 
This study examined the complex relationship between soil management methods, crop rotations, and soil 
organic matter (SOM) content in the context of moderately arid steppe conditions in Kazakhstan, 
characterized by a arid continental climate. Through comprehensive analyses spanning multiple years and 
diverse crop rotations, several key findings emerged. The results suggest that the choice of soil management 
methods, whether conventional tillage (CT) or no-tillage (NT), had a limited impact on SOM content. 
Regardless of the specific tillage method employed, SOM content remained relatively stable over various years 
and rotations. The region's harsh continental climate, with arid summers and frigid winters, appeared to 
mitigate the effects of soil processing and crop rotations on organic matter loss. However, it is crucial to 
acknowledge the intricate interplay of diverse factors, including climatic conditions and regional 
characteristics that contribute to soil dynamics and organic matter content. This study's insights underscore 
the importance of region-specific and comprehensive research to guide sustainable land management 
practices. The combined findings from these studies emphasize the significance of crop diversification and the 
adoption of conservation agriculture, particularly in ordinary chernozems in arid regions. These practices can 
help mitigate organic matter loss, enhance soil quality, and improve soil fertility. In summary, the research 
conducted in Kazakhstan's arid steppe region highlights the need to consider local ecological conditions and 
agricultural practices when addressing soil health and fertility preservation. By doing so, we can develop 
context-specific approaches to ensure the sustainability of agricultural landscapes and maintain vital soil 
resources for future generations. 
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 Abstract 
Article Info Licorice (Glycyrrhiza glabra L.), known for its salt and drought tolerance, presents a 

potential solution for addressing soil salinity and desertification challenges in arid 
areas. Since the natural habitat of this plant is dwindling sharply in the Aral Sea 
regions due to negative human interventions, so it is vital to create production 
technologies with biological means. This study determined the agronomic 
characteristics of licorice when bioagents i.e. Geohumate, Aminomax and Caliphos 
were used as a seed treatment. Results showed that the application of these 
biostimulators significantly improved seed germination and plant growth compared 
to the control. Especially the effect was more pronounced with Geohumate as the 
seed germination increased by 36.4%, whereas the impacts of Aminomax and 
Caliphos were 17.5% and 12.4% higher, respectively as compared to the control 
group. Likewise, under the open-field condition, plant growth and development were 
greater with the bioagent applications. In regards the root biomass, the highest 
record with a 29.1% increase was achieved after the Geogumat treatment, while 
Aminomax and Caliphos applications exhibited 24.4 and 23.9% higher values, 
respectively as compared to the control values. The amounts of ash, glycyrrhizic acid, 
extractive compounds and flavonoids were increased by 26.5%, 22.0, 9.4% and 
10.4%, respectively, compared to the respective control values due to the positive 
effect of the Geogumat treatment. Furthermore, the improved organic and chemical 
contents of soil were explained by the bioremediation functions of licorice plus 
bioagents efficiency. Using bioagents in licorice production could be a valuable 
approach for maintaining ecosystem function and stability in saline lands.  

Keywords: Licorice (Glycyrrhiza Glabra L.), seed treatment, bio-agents, saline soil, 
seed germination, growth dynamics, root yield. 
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Introduction 
The shrinking of the Aral Sea was accompanied by decertification, salination and land degradation, negatively 
impacting overall agricultural sustainability in this region. Over time, the increased use of fertilizers and 
pesticides exacerbated the situation, resulting in groundwater and soil pollution, leading to considerably 
falling crop productivity (Kushiev et al., 2021). These factors ultimately created a vicious cycle of 
environmental degradation, jeopardizing the prospect of agricultural production. The leading causes of 
further development of salinity in the area are the Aral Sea disaster and the arid climate associated with a high 
level of soluble salt in the irrigated land and underground water (Khaitov et al., 2020; Qureshi and Daba, 
2020). Furthermore, these challenges were intensified with anthropogenic factors and climate change as the 
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main driving forces of ecological, environmental, and economic disaster. As a result, the area has experienced 
significant crop biodiversity reductions and overall ecosystem instability, decreasing crop productivity by 30-
40%.  

There are many degraded and abandoned lands in the Aral Sea region, whereas more than 90% of irrigated 
land is affected by salinity (Khaitov et al., 2022). Increased salinity levels in this region have restricted the 
growth of traditional crops. An urgent need is to restore salt-affected soils to their production potential while 
promoting environmentally sustainable development. The “biosaline approach” developed by the 
International Center for Biosaline Agriculture proposes modern techniques to rehabilitate abandoned salt-
affected lands as a potential science-based solution. This approach is based on adaptable technology packages 
composed of salt-tolerant halophytes integrated with appropriate land and crop management systems.    

Licorice (Glycyrrhiza glabra) is one of the existing native halophyte plants with salt and drought tolerance 
abilities in the Aral Sea regions. The plant is perennial and grows well in harsh environmental conditions 
because of its deep root system. It is used in several applications such as in medicine, cosmetics, manufacturing 
due to it’s highly rich in nutritional profile. Therefore, this halophyte has a great economic value. Its natural 
distribution can be found in the deltas of the Amudarya river (on the territory of the Republic of 
Karakalpakstan and Khorezm province) and Syrdarya river and on the banks of small rivers in Fergana valley, 
Surkhandarya and Syrdarya provinces of Uzbekistan. Due to pharmacological properties i.e. glycyrrhizin and 
oleanane-type triterpene saponins in licorice roots, the demand for licorice grown and processed in 
Uzbekistan has steadily grown since 2000 (Khaitov et al., 2021; Mambetnazarov et al., 2021). Therefore, the 
over-exploitation has greatly decreased natural reserves of licorice in recent years. In fact, natural licorice 
habitats have decreased by 5.8-fold in Karakalpakstan during the last half century, from 38 thousand to 6.5 
thousand hectares (Khaitov et al., 2021). These alarming records show this plant is in danger of extinction. 
Undoubtedly, the dwindling of the natural habitats of wild licorice creates ecological disasters, e.g., 
sandstorms, drought, air, soil and water pollution, soil salinization (Mambetnazarov et al., 2021).  

Unfortunately, the local populace harvests wild licoricey roots, but its’ cultivation is quite limited. Even though 
licorice is indigenous salt and drought-tolerant halophyte plant, it’s not widely accepted by small and marginal 
farmers for subsistence farming systems. As a fragment of climate-resilient agriculture, improving licorice 
production has a great potential to rehabilitate abandoned saline lands. Licorice improves the physical and 
chemical properties of soil while enriching it with organic matters and restoring biological activities. These 
functions allow to provide the basis for sustainable reproduction of soil fertility and optimize environmental 
functions. 

Very few research and crop improvement activities have been conducted on licorice so far.  Development of 
licorice cultivation technologies with suitable seed treatment agents could also be used commercially. This 
research hypothesis that if licorice could grow under harsh conditions, biological agents might enhance crop 
productivity and soil quality, thereby rejuvenating the dryland cropping system. Although, studies exhibiting 
the role of bioagents to stimulate licorice growth, especially at the initial growth period and to alleviate salt 
stress are quite limited. Furthermore, using modern knowledge, innovation and technologies will bring added 
value by providing empowering opportunities.   

Although, the region has suitable environmental conditions for the sustainable production of licorice, there 
was no research on using biostimulators for improving germination and growth under open-field conditions. 
Therefore, this research aims to determine the effectiveness of biological agents such as Geogumat, Aminomax, 
and Caliphos on the agronomic performance of licorice in saline areas. 

Material and Methods 
The study area  

This study consisted of two series of licorice experiments under lab and open field conditions during 2018-
2020 at the experimental station of the Institute of Agriculture and Agrotechnologies located in Nukus, 
Karakalpakstan (42.28°N 59.36°E), the north-west of Uzbekistan. Winter is severe in this area with absolute 
minimum air temperatures ranging from -10.3 up to 0.0°С intervals in December and January. In contrast, 
summer is long, dry and very hot, with an absolute maximum of 41.0-45.3°C (Figure 1). The desert region's 
harsh environment is characterized by high climatic fluctuation and recurrent periods of extreme drought. In 
this area, there are 270–280 days without frost overall, and the average annual evapotranspiration is up to 
2000 mm. The annual rainfall ranges from 80 to 140 mm, although the most of it occurs from January to April, 
just before the start of the vegetative period. During the research period, 2018 was drier with only 83,0 mm 
of precipitation. 

http://ejss.fesss.org/10.18393/ejss.1390588
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Figure 1.  Climate records (2018-2020) 

 

Soil properties  

Meadow-alluvial soil in the experimental field had an overall bulk density of 1.4 g/cm3, this amount has 
changed 1.35 g/cm3 in 0-30 cm and 1.38 g/cm3 in 0-100 cm soil horizons. The enhanced soil bulk density in 
the ploughing horizon shows that the macroaggregates tolerant to water leaching underwent dispargation. 
The humus content in these soils is very low, only containing 0.5-0.6% in 0-30 cm soil ploughing depth (Table 
1). The soil ploughing depth had total N content 0.030-0.050 %, total phosphorous 0.160-0.175% and overall 
potassium 1.78-1.85%. The pH value of the soil was 7.4 (slightly alkaline) with moderate salinity EC 5.7 dSm-1. 
The mineralization level of underground water was 2.0-3.0 g L-1, but during the vegetation season this 
characteristic is likely to increase due to the location in 2-3 meter depth.  

Table 1.  Agrochemical characteristics of the soil affected by Glycyrrhiza glabra cultivation.  
Treatments  Humus, % N, % P, % K, % NO3, mg kg-1 P2O5, mg kg-1 K2O, mg kg-1 

At the beginning of the experiment (2018) 

 0.610d 0.072c 0.142b 1.145a 13.2d 17.56a 174.7a 
At the end of the experiment (2020) 

Control  0.632c 0.090b 0.125c 1.100b 14.0c 13.35c 145.5b 
Geogumat  0.660a 0.107a 0.145a 1.000b 17.7a 14.07b 140.4c 
Aminomax 0.641b 0.092b 0.135b 0.870c 14.3b 14.03b 140.1c 
Caliphos   0.640b 0.092b 0.140b 0.800c 14.0c 14.00b 141.3c 

Means marked with different letters (a to d) represent significant differences (p<0.05) according to the Tukey’s LSD test.  

Biofertilizers 

Geogumat consisted of more than 20 microorganisms including Bacillus megaterium, Bacillus mucilaginosus, 
Basillus Subtilis and etc. It is liquid of 12% organic fertilizer and formed by microelements. There is Humic 
acid at least 32% and Fulfa and other organic acids consist of at least 25.0%. This biofertilizer positively 
impacts seed germination, root system development, and seedling growth, enhancing tolerance to 
environmental stresses and crop yield by 15-20%. In addition, it improves soil quality and productivity of 
mineral fertilizers.      

Aminmax is organic fertilizer formed by 16% organic matters, 10% organic carbon, 10.2% overall free 
aminoacids, 10% humic and pulvo acids, 0.5% N, 1.5% K2O, 0.6% MnO, 0.1% Mn, 0.1% Mo, 0.14% Zn. The level 
of рН is 4-6. It is used to rejuvenate soil microflora and thereby improve nutrients uptake by plants. It 
enhances seed germination and usually foliar treatment is useful for plant growth stimulation.   

Caliphos is considered as liquid form of NPK. It consist of 1% N, 1.0% NO3, 10.2% P2O5, 25% K2O, 0,6% B, 0,1% 
Zn, pH is equal to 4-6. This bioagent is essential to increase nutrients for plant uptake, enhance vegetative and 
generative organs, thereby improving crop yield.   

Greenhouse Experiment  

Three bioagents i.e., Geogumat, Aminmax, Caliphos were compared against the control variable on licorice 
seed germination using a factorial experiment design with three replications in the greenhouse (250C/150C; 
14h day:10h night periodicity) with relative humidity between 65% and 75%. Each Petri dish contained 100 
seeds previously cleaned. For both sets of experiments, 10 min surface sterilization of licorice seeds was done 
with 0.1% mercuric chloride. Analysis of seed germination and survivability were revealed as per standard 
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techniques (Uzpiti, 2007). Firstly, the germinated seeds were calculated starting 5 days 10 days after sowing 
and seedling viability was found at 20 days.  

Three types of saline soils representing the most common types of salinity i.e., low 2.4±1.1 Na+ mM/100 g soil, 
moderate 8.5±1.2 Na+ mM/100 g soil, high 15.6±1.7 Na+ mM/100 g soil were used for the pot experiments. 
Pot seedlings were irrigated with the same amount of water (200 ml each every 3 days). 

Field experiment practices and methods  

Split-plot treatment structure in a randomised complete block design were used in three replications. The 
total land for this experiment constituted 0.288 hectares, including each plot area was 240 square meter: 4.8 
m x 50 m (8 rows, each one had 0.6 m width and 50 m length), while the accounting area was 120 square 
meters. These field experiments were conducted according to the guidelines entitled “Methods of Field 
Experiments” (UzPITI, 2007). Fodder productivity, root mass and seed yield parameters were determined on 
1 square meter area in each plot before recording an average value. Plant density was found at two stages: 
after seedling emergence and at the end of vegetation. Agronomic parameters such as plant height, weight, 
leaf and pod numbers were carried out on the 25 labelled plants in each plot.  

The following observations were determined in the field experiments: number of leaves, plant height, biomass 
of plants, specific leaf weights (leaf dry weight, leaf: shoot dry ratio, shoot dry matter), leaf area and content 
of chlorophyll. A leaf area was measured using a LI-COR LI-30004 portable leaf area meter, and the total 
chlorophyll content was measured with a Minolta SPAD-502. The total chlorophyll content was measured 
every five days, beginning a week after germination until plant final harvest. 

The chosen field was ploughed in 28-30 cm depth in 1-5 October 2018, following laser levelling activities. 
Then, the field was divided into small sections (0,03-0,05 ha) to carry out salt leaching process with 2500-
3200 m3/ha water in late October. At mid-November, 80% annual norms of phosphorous and potassium 
fertilizers for licorice cultivation were applied under the plough. Spring began with field tilling, harrowing and 
cultivating. Seed planting started in 22-24 of April when the land heated enough under sunshine. The seed 
planting aggregate SN-500 was fixed at norms of 10 kg/ha when the seeds were soaked for 36 hours with 
appropriate biostimulator.       

The optimal rate of mineral fertilizer N100P140K80 was provided according to the fertilizer standards. The field 
was irrigated after the seed planting process in order to improve germination and get vigorous seedlings. 
Following weeding and cultivation activities in June, the full fertilization norm of N and the remaining 20% 
portions of phosphorous and potassium fertilizers were applied before furrow irrigation. The furrow 
irrigation was applied five times at 800-1000 m3/ha norms each time, totalling 4000-5000 m3/ha for the 
entire season.  

Root mass was estimated at the end of every season by digging up to 1 meter with monometer method and 
drying at 700C for 72 hours in the drier equipment.  While leaf area was determined by taking 20 samples on 
1 cm2 with special equipment. The leaf area of each sample was found with the following formula:  

leaf area (cm2) = x / y, where x is the weight (g) of the area covered by the leaf outline, and y is the weight of 
one cm2 of the same graph paper. Then, the photosynthetic efficiency was determined by the ratio between 
plant biomass and leaf area per day during the vegetation period.    

Plant extracts, i.e., ash, glycyrrhizic acid, extractive compounds and flavonoids were determined by 
spectrophotometry in the Metlertoledo laboratory complex. 

Data analysis 

All experiments were carried out in triplicates and values are expressed as means with standard deviations 
(±SD). Graphics were drawn using MS Office Excel 2007. Statistical analysis was conducted with a one-way 
ANOVA tool (CropStat program).  

Results  

Seed germination at different salinity   

Data presented in Table 2 shows that the seed germination in all treatments increased progressively with 
increasing seed water soaking from 12 hours to 36 hours. The bioagent x water soaking interaction 
significantly impacted the germination of licorice seeds under lab conditions. Licorice seed reached to 85.0% 
germination at 20 days after a 36-hour water soaking period when seeds were treated with Geogumat. In this 
case, the treatment with Geogumat increased seed germination by 36.4%, while Aminomax and Caliphos 
enhanced this indicator by 17.5% and 12.4%, respectively, compared to the control variable.   
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Table 2.  Seed germination % (lab experiment). 

 Treatments Water soaking period of seeds 10 days after 15 days after 20 days after 
Control  

12 hours 

10.1g 35.3e 39.1e 
Geogumat  32.7d 61.4b 72.3b 
Aminomax 25.6e 50.1d 60.2c 
Caliphos   18.7f 50.3d 59.7c 
Control  

24 hours 

30.4d 44.7e 50.8d 
Geogumat  40.5b 64.6ab 75.9b 
Aminomax 38.6c 60.4b 64.7c 
Caliphos   36.2c 52.8c 54.4d 
Control  

36 hours 

36.1c 48.4d 54.1d 
Geogumat  46.7a 68.7a 85.0a 
Aminomax 42.4b 62.5b 63.6c 
Caliphos   40.6b 55.4c 60.8c 

Means marked with different letters (a to f) represent significant differences (p<0.05) according to the Tukey’s LSD test. 

Similarly, as shown in Figure 2, licorice seeds germinated vigorously under less saline soil in the pot 
experiments. However, the seed treatment with Geogumat showed a significant (p<0.05) increase (83.5%) in 
seed germination, while this characteristic was 72.3% and 70.4% higher under Aminomax and Caliphos 
applications, respectively compared to the control variable. The increased concentration of soil salinity caused 
a considerable decrease in seed germination in all treatments. At the moderate soil salinity, the highest seed 
germination record was detected in the Geogumat seed application with a 74.1% increase, followed by 
Aminomax and Caliphos treatments with increments of 65.6% and 55.4%, respectively, while this indicator 
reached to 52.2% in the control variable. Under high saline soil conditions, licorice seeds did not germinate at 
all, regardless of the seed treatment methods. 

 
Figure 2. Seed germination of licorice under different soil salinity conditions (greenhouse experiment). 

Analyses of seedlings viability exhibited the highest values by the Geogumat treatment from 90.5% in less 
saline soils and 81.6% in moderate saline soils, followed by the Aminomax (80.7% and 62.5%) and Caliphos 
seed treatments (71.2% and 60.5%) accordingly.  

Overall, the bioagent application substantially alleviated the soil salinity effect by enhancing seed germination 
and seedling viability indicators. The effect was greater by Geogumat, followed by Aminomax and Caliphos 
applications promoting the studied parameters to a significant extent, whereas no significant difference was 
detected between the two latter applications. 
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Plant growth characteristics under open-field conditions   

The positive effects of Geogumat, Aminomax and Caliphos to stimulate the germination, growth and 
development of licorice in the saline soils of Karakalpakstan have been identified in Table 3. The seed 
stimulation was more pronounced with Geogumat than the other bioagents, causing 76.6% germination. 
Whereas Aminomax and Caliphos treatments showed 70.3% and 70.4% seed germination, respectively. At the 
same time, this indicator in the control treatment was only 61.4%.   

Table 3. Growth parameters of Glycyrrhiza glabra (at the end of vegetation period). 
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Control 61.4c 86.6c 5.5d 158.0c 119.4d 5.8d 138.5c 118.9c 5.6d 121.1c 
Geogumat 76.6a 103.7a 8.2a 171.8a 153.7a 8.8a 150.3a 132.5a 8.3a 131.4a 
Aminomax 70.3b 100.8b 7.4b 165.5b 147.3b 8.0b 144.5b 130.4ab 7.5b 126.7b 
Caliphos   70.4b 98.5b 6.3c 163.4 135.6c 7.1c 142.5b 127.2b 6.5c 125.5b 

Means marked with different letters (a to d) represent significant differences (p<0.05) according to the Tukey’s LSD test.  

In the first year, considering shoot height of 86.6 cm tall and fruit branches 5.5 pieces in the control variable, 
whereas the Geogumat seed treatment enhanced the growth of shoot height and fruit branches by 19.7% and 
49.1%, accordingly. Regardless of the bioagent applications, the plant gradually increased the shoot and root 
weights with time passage. The application of Aminomax and Caliphos stimulated the growth to a significant 
extent in both licorice shoots and roots, despite the inhibiting effect of salt stress.  

As shown in Table 4, similar growth characteristics were detected in the following years of the experiment. 
However, in the third year, the plant started to allocate more photosynthetic materials to enhance root 
development, whereas shoot and leaf mass considerably declined compared to the second year. Seed 
treatment with Geogumat enhanced root biomass by 29.1% than that in the control, while Aminomax and 
Caliphos applications exhibited 24.4 and 23.9% higher values, respectively, indicating a positive effect in 
regards to plant development under soil salinity.   

Table 4. Dry matter accumulation in licorice under the influence of the bioagents (2018-2020) 

Treatments Root, g Leaf, g Shoot, g Total, g 
                             2018 

Control  14.1c 15.4c 38.5d 68d 
Geogumat  21.5a 33.0a 45.5a 100a 
Aminomax 20.3b 31.3b 42.3b 93.9b 

Caliphos   20.0b 30.9b 40.9c 91.8c 
                                2019 

Control  37.5c 39.4d 87.5d 164.4d 
Geogumat  42.9a 56.5a 110.7a 210.1a 
Aminomax 40.5b 50.3b 105.1b 195.9b 

Caliphos   40.0b 47.3c 100.8c 188.1c 
                                  2020 

Control  40.2c 35.6c 80.1d 155.9d 
Geogumat  51.9a 50.8a 100.7a 203.4a 
Aminomax 50ab 46.7b 95.4b 192.1b 

Caliphos   49.8b 45.1b 90.7c 185.6c 
Means marked with different letters (a to d) represent significant differences (p<0.05) according to the Tukey’s LSD test.  

All three bioagents showed a positive effect on the plant measurements and root development, however, the 
highest achievements were recorded at the Geogumat application. Nevertheless, the overall contributions of 
the two bioagents i.e. Aminomax and Caliphos reached to a certain extent and in most cases, significantly 
differentiated against the control.  

Yield characteristics and phytochemical compounds   

As presented in Table 5, straw and root yield traits considerably enhanced with every passing year, even 
though the plant continued to grow. Considering total values, the highest indicators of the straw and root 
yields were observed at the Geogumat application, which exerted by 17.9% and 44.7% compared to the 
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control. The effect of Aminomax and Caliphos treatments also reached a significant level in some growth 
parameters.  

Photosynthetic efficiency in response to the bioagents application was positive, especially in the second and 
third experiment years. This parameter was 20.8%, 5.7% and 4.7% greater in   Geogumat, Aminomax and 
Caliphos treatments, respectively than that in the control (2019). According to the observed parameters, the 
highest values were found at the Geogumat treatment, followed by Aminomax treatment and the lowest 
parameters were recorded at the Caliphos treatment. 

The effects of Geogumat to induce phytohormone production was considerably higher compared to the non-
treated control under salinated soils (Table 5), exhibiting the positive changes of the phytochemical 
compounds in the licorice roots in association with the bioagents treatments. Phytohormones were promoted 
in the Geogumat treated plants, most probably due to the microbial combinations contained in this bioagent. 
Therefore, the highest records were detected at the Geogumat application, increasing the amounts of ash, 
glycyrrhizic acid, extractive compounds and flavonoids by 26.5%, 22.0, 9.4% and 10.4%, respectively as 
compared to the respective control values. These characteristics similarly responded under the treatments of 
Aminomax, although all values reached a significant level as compared to the control. While phytohormone 
production tended to be lower in Caliphos treatment, and there was no significant difference between the 
untreated control in most indicators. 

Table 5. Straw and root yields of Glycyrrhiza glabra.  
Means marked with different letters (a to c) represent significant differences (p<0.05) according to the Tukey’s LSD test.  

Discussion 
Seed germination and plant growth  

Licorice with stress tolerance features can grow in extremely harsh environments and might be used to battle 
desertification in arid regions. In addition, the halophytic functions of licorice in conjunction with bioagents 
application could alleviate salinity stress more effectively, contributing to rejuvenate agroecosystems in the 
region. This study highlighted to improvement licorice productivity with bioagents in the harsh climatic area 
because of its high survivability and significance associated with acclimation to climate change. These 
resistance inducers can improve seed germination, plant growth, root development, and photosynthetic 
efficiency, increase biomass and alter specific abiotic stress tolerances to cope with the adverse consequence 
of salinity (Koch et al., 2010; Hao et al., 2019). Previous studies also showed that bioagent treatment improved 
seed germination of licorice seedlings under saline stress although Amin et al. (2014), Mogle and Maske 
(2012) reported a positive effect of bioagents against seed-borne diseases. 

In the present study, the germination rate of licorice seeds was significantly enhanced with an increasing 
water-soaking period in conjunction with the bioagent treatments. A significant increase in plant 
characteristics was observed in the seed-treated licorice under salt stress because of the alleviation effect of 
the bioagent. This positive effect is dependent upon the bioagents functionality. Geogumat significantly 
stimulated seed germination of licorice in both greenhouse and open-field land conditions. The efficacy of the 
two bioagents, Aminomax and Caliphos, was lower than that of Geogumat in terms of germination, growth, 
development, root and biomass yield.  

Root yield and phytohormone production  

Bioagents are also known as stress-regulating organisms that help plants within the nutrient uptake, biotic 
and abiotic stress management (Omara et al., 2019; Bayadilova et al., 2022), improve soil health and plant 
growth promotion (Saleem et al., 2021; Hasna et al., 2022). Furthermore, biological organisms even promote 
phytohormones like auxin and cytokinin in some plants (Hafez et al., 2020), provoking metabolite 
accumulation and increasing enzyme activities (Irani and Todd, 2016). It needs to be emphasized that 
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Control  9.8c 1.64c  1.1c 10.6c 4.31c  3.2c 10.8c 4.78c  4.4c 
Geogumat  11.6a 2.02a  2.8a 12.8a 4.99a  4.1a 12.6a 5.65a  5.4a 
Aminomax 10.4b 1.85b  2.3b 11.2b 4.72b  3.8b 11.4b 5.16b  5.0b 
Caliphos   10.2b 1.83b  2.0b 11.1b 4.61b  3.7b 11.2b 4.97b  4.6b 
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enhanced growth of licorice despite salt stress is due to the beneficial effect of the bioagents on assisting better 
nutrient supply (Johny et al., 2021).       

In our study, the Geogumat application positively influenced in metabolic activity, which is reflected in 
facilitating the diversion of assimilates from vegetative growth to reproductive growth of licorice. The plants 
treated with the bioagents showed better phytohormone production performance than the control. In 
accordance with our result, a similar effect to overcome the adverse effects of salinity was achieved with the 
application of 2.8 ds/m SiO2 for improved growth and yield of Glycyrrhiza uralensis (Cui et al., 2021). These 
researchers also pointed out the vital role of the synthesis and accumulation of metabolite production on salt 
tolerance, yield and quality increase of the plant.  

Our results showed that considerably improved soil humus and nutrient status after the seed treatment with 
Geogumat played an essential role on the significantly increased growth and yield of G. glabra. In addition, this 
positive trend under open-field arid agriculture conditions might be due to the number of favourable assets, 
i.e. this plant lowers the saline groundwater, increases water-resistant aggregates, reduces bulk density and 
its roots penetrate to a depth of 3.5–4 m.  

Soil health  

The abundant literature indicated that licorice has a valuable bioremediation function for the reclamation of 
saline soils and restoration of irrigated cropping systems (Qadir et al., 2009; Gafurova and Juliev, 2021). After 
four years of cropping with licorice, wheat grain yield increased nearly 3-fold, as indicated in earlier studies 
of Kushiev et al. (2005). These authors also declared that because of setting up licorice plantations on 
abandoned land in the Hungry Steppes of Uzbekistan, the agrochemical, agrophysical and ameliorative 
properties of the soil were improved. In addition, improved soil indices i.e. biological functions, chemical 
compositions and soil physical structures due to licorice cultivation, might facilitate to enhance to the number 
of beneficial microbes in the root rhizosphere which in turn, promote the secretion of organic acids and lower 
the pH in the soil (Hosseini et al., 2022). It is well-known that beneficial microbes improve plant growth, 
nutrient acquisition, and synthesis of various metabolites, phytohormones and enzymes, promoting plant 
tolerance to biotic and abiotic stresses (Khaitov et al., 2019).   

These results indicate that the bioagent application is crucial for licorice production in salt-affected regions. 
Thereby, the salt tolerance ability of licorice is essential in sustaining agricultural productivity to optimize 
environmental functions and food security in salt-ridden regions. licorice cultivation might be the most 
effective technique to mitigate the severe side effects of environmental challenges in the Aral Sea regions, 
including sandstorms, soil salinization, climate change and water scarcity (Kushiev et al., 2017). In accordance 
with the science-based information and applied knowledge, this practice might be one of the salinity 
management and climate-smart agriculture (CSA) strategies.    

To our knowledge, the positive results obtained with the licorice seed - Geogumat treatment in the present 
study is the first report indicating this technique's efficacy in overcoming the negative effects of salinity. 
Hence, an alternative strategy of bioagent supplementation in licorice production can be considered as a 
practical approach to developing a highly value-added sustainable crop production system. 

Conclusion 
This study provides new insights regarding the efficacies of bioagents i.e. Geogumat, Aminomax and Caliphos 
on licorice seed germination, plant growth and phytohormone productivity under saline soils of the Aral Sea 
region. Geogumat was more effective than the other two bioagents, while increased the morphological and 
physiological parameters of licorice considerably compared to the control. The efficacies of Aminomax and 
Caliphos resulted in a statistically significant extent and exhibited salt alleviation function. Geogumat having 
facilitated the highest phytohormone extracts and photosynthesis makes the plant more resistant to this 
stress condition. Furthermore, the improved soil organic and chemical contents were explained by 
bioremediation functions of licorice plus the efficiencies of the bioagents.     

Those positive statements in response to the Geogumat application as a seed treatment for licorice production 
can be recommended into agricultural production as a promising technology that may formulate a modern 
strategy to rejuvenate salt-affected lands. 
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 Abstract 
Article Info Iron (Fe) malnutrition in humans is a global concern which can be revised by 

improved Fe density in staple crops. A field experiment was performed to evaluate 
the effect of chelated iron on growth, yield and iron concentration in bread wheat 
(cv. Moomal) at Tando Jam Pakistan. The treatments included, Control (No Fe-EDTA), 
Soil supplement of Fe-EDTA (@ 2 kg Fe ha-1), Soil + foliar supplement of Fe-EDTA (@ 
2 kg ha-1 and 0.2% Fe at booting, flowering, and milky stage), and Foliar supplement 
of Fe-EDTA (@ 0.2% Fe at booting, flowering and milky stages). The defined growth 
and yield traits of wheat were increased with Fe-EDTA applications over control 
treatment. Among different Fe-EDTA application methods, there was no significant 
difference for most of the growth and yield parameters (excluding spike length, 
number of spikelets spike-1, and 1000 grain weight). The amount of Fe in wheat 
grains was significantly higher in all Fe-EDTA treatments over control, with 
maximum value (86.54 ± 5.57 mg kg-1) in the treatment where Fe-EDTA was applied 
in soil + foliar. Similarly, a high Fe build up in surface soil was obtained with 
treatment of Fe-EDTA in soil + foliar. Overall, with various Fe-EDTA treatments, an 
increase of 21.2 to 29.1% in grain yield and 1.9 to 4.3 times in Fe concentration of 
wheat grains was achieved in current study. It is suggested that the Fe should be 
included in wheat production technology to attain better yield and Fe concentration 
in grains.  
Keywords: Fe-EDTA, Fe-malnutrition, biofortification, wheat production, Fe 
fertilization. 
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Introduction 
Iron (Fe) is an important element essentially required by all living organisms (Taskin and Gunes, 2022). In 
humans, Fe insufficiency is a prevalent and significant nutritional deficit that poses a substantial threat to 
human health. According to an estimate, 34% of the population of the world suffers from Fe deficiency, out of 
which majority belongs to developing countries (Owaidah et al., 2020).  

Among various human groups, children, adolescents, and young and pregnant women are more susceptible to 
iron deficiency (Abu-Ouf and Jan, 2015; Ramzani et al., 2016; Ali et al. 2020). The primary health consequences 
associated with iron deficiency comprehends fetal loss, impaired mental abilities, impaired immunity, and 
reduced work capability (Gombart et al., 2020; Grzeszczak et al., 2020; Midya et al., 2021). 

In developing countries, the primary factor contributing to iron malnutrition can be attributed to the 
consumption of diets with low iron content and/or poor iron assimilation from the ingested food (Liberal et 
al., 2020). In these countries, the cereal crops are the major food crops which are inherently low in Fe and 
other micronutrients (Senguttuvel et al., 2023). Low Fe concentration in cereal crops may be associated to low 
Fe content in soils and its accessibility to plants (Zou et al., 2019). According to an estimate, 30% soils of the 
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world are Fe deficient (Boamponsem et al., 2017; Mahender et al., 2019). The problem of Fe deficiency is most 
common in alkaline and calcareous soils (Rashid, 1996; Hsieh and Waters, 2016). Cultivation of crops in Fe 
deficient and/or alkaline-calcareous soils reduces the crops growth and productivity, and Fe concentration in 
grains (Hafeez et al., 2021; Turan et al., 2022).  

Agronomic biofortification is a term used to describe the practice of augmenting the nutritional composition 
of food crops through fertilization techniques (Akram et al., 2020; Bughio et al., 2021). In case of Fe 
malnutrition in resource-poor populations, agronomic biofortification has emerged as a promising strategy to 
improve iron intake and combat iron deficiency (Bhardwaj et al., 2022; Kiran et al., 2022). Iron can be 
supplemented to crop plants using different sources including FeSO4, Fe-EDTA, Fe-DTPA, Fe-EDDHA, Fe-
citrate and Fe-IDHA (Chatterjee et al., 2018; Shaddox et al., 2019; Ay et al., 2022). However, the efficiency of 
Fe sources in promoting crop development and increasing Fe content is influenced by many factors. These 
factors encompass the solubility and stability of the Fe sources, their ability to permeate through the cuticle 
when applied foliar, their capacity to be taken up by root cells when applied to the soil, and their ability to be 
transported to the shoot (Fernández and Brown, 2013).  

A little information is present in literature, where the efficiency of Fe-EDTA has been tested with respect to 
improving Fe density in cereal grains. Many studies have been performed to evaluate the impacts of Fe 
application (as Fe-Sulphate) for growth and yield improvement (e.g., Abbas et al., 2009; Ali, 2012). Hence, this 
study is an effort to enhance Fe in wheat crop through agronomic approach (fertilizer application). Wheat 
(Triticum aestivum L.) is selected for this study because it is a chief source of diet in humans particularly in 
South Asian region, Central Asia and Middle Eastern countries where it provides approximately 50% of the 
everyday calorie intake (Cakmak et al., 2010; Sial et al., 2018). In Pakistan, wheat is a staple food crop and is 
cultivated generally on more than 9.0 million hectares area (PES, 2022). We hypothesize that this form of Fe 
will be more bioavailable to the plants with the ultimate profit of yield and Fe quantity in wheat grains. The 
present research was laid out with the objectives (i) to determine the effect of Fe application (as Fe-EDTA) on 
growth, yield and Fe quantity in wheat grains, and (ii) to propose the appropriate method of Fe application 
that enhances production, and Fe in wheat grains and soil.  

Material and Methods 
The experiment was performed at the field of Southern Wheat Section, Agriculture Research Institute (ARI) 
Tando Jam (25°25'00.2"N, 68°32'39.9"E) during Rabi season of 2017-18. A piece of land (10 m × 15 m = 150 
m2) was ploughed, levelled and divided into 16 equal experimental units of 6 m2 (3 m × 2 m) for the 
experiment. The seeds of wheat variety “Moomal” were hand drilled at the seed rate of 50 kg per acre.  

Experimental Design and Treatments  

The research was organized in Randomized Complete Block Design (RCBD). The experiment included four 
treatments, each repeated four times; T1: Control (No Fe), T2: Soil supplement (2 kg Fe ha-1), T3: Soil + Foliar 
supplement (2 kg Fe ha-1 + 0.2% Fe at booting, flowering and milky stage), and T4: Foliar supplement (0.2% 
Fe at booting, flowering and milky stage).  

Fertilization scheme 

The NPK fertilizers were supplemented to all plots @ 168 kg N, 84 kg P2O5 and 60 kg K2O ha-1 as recommended 
by Khokhar (2015). The recommended amount of phosphorus, potassium and a fraction of N was 
supplemented at the time of sowing, while remaining nitrogen was given as Urea in 2 equivalent splits. The 1st 
split of N was applied with second irrigation while the 2nd split was given with third irrigation.  

Agronomic observations  

At harvest, five healthy plants were randomly selected from each replication plot for the selected agronomic 
observations. Plant height and spike length were recorded with measuring scale. Tillers and spikelets number 
were manually counted. Thousand grains were counted and weighed on digital balance. For yield purpose, the 
plants from every replication plot were reaped using 0.5 m2 wooden frame. Afterwards, the plants were 
threshed manually and separated into grains and straw, which were weighed on a digital balance. Harvest 
index was computed by adopting the formula as given by Iqbal et al. (2017). 

Harvest index (%) = grain yield (g) / biological yield (g) × 100 

Plant analysis  

The grains from each replication plot were grinded using grinder machine (Geepas model No. GCG289). The 
flour samples were digested and analyzed for iron concentration by following the procedure as outlined by 
Estefan et al. (2013). In brief, 01-gram wheat flour was added with di-acid mixture (HNO3-HClO4, 2:1), left for 
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overnight, digested, cooled, filtered and raised to 50 ml with distilled water, and analyzed for the Fe 
concentration using Atomic Absorption Spectrometer (AAS, NOVAA 400, Germany). 

Soil sampling and Analysis 

Composite soil samples were gathered at the depth of 0-15 cm before land preparation and after harvest of 
wheat crop using stainless steel auger. The samples (prior to wheat sowing) were thoroughly processed and 
subjected to the determination of various properties (pH, EC, organic matter content, lime content, texture 
and Fe) by adopting the standard procedures drafted by Estefan et al.  (2013). For Fe analysis, 10 grams soil 
was added 20 mL AB-DTPA solution, which was shaken on a mechanical shaker, filtered and subsequently 
used for the determination of Fe concentration by AAS. We recognized that the experimental soil was clay in 
texture, moderately alkaline in reaction (pH 8.25 ± 0.2), non-saline (EC 0.29 ± 0.06 dS m-1), marginal in organic 
matter content (1.20 ± 0.12%), moderately calcareous (7.73 ± 0.13%) and adequate in Fe concentration (5.65 
± 0.25 mg kg-1). Soil samples, after harvest of crop, were randomly collected from each replication, processed, 
and analyzed for Fe concentration only. 

Statistical analysis 

The gathered plant and soil data were subjected to normality test, Anderson-Darling test, prior to conduct of 
Analysis of Variance (ANOVA) approach by Minitab 17 software. A one-way ANOVA technique was used to 
determine the significant difference among treatments’ means, at a P value of 0.05. Any significant data was 
further subjected to Tukey’s (HSD) test to compute the level of significant difference among treatments. 

Results  

Effect of Fe-EDTA application methods on growth and yield components of bread wheat  

The supplementation of Fe-EDTA resulted in significant improvements in selected aspects of wheat growth 
and yield compared to the control treatment (Figure 1 and 2, P<0.05). The applications of Fe-EDTA resulted 
in an increase of plant height to 20.1%, tillers per plants to 15.3%, spike length to 20.9%, spikelets per spike 
to 24.5%, 1000-grain weight to 68.7%, straw yield to 18.3%, grain yield to 29.1%, and harvest index to 4.2% 
over the control treatment. Except for spike length, number of spikelets per spike, and 1000 grain weight, 
most of the growth and yield characteristics were found to be statistically identical among the various Fe-
EDTA application methods. Notably, the combined application of Fe-EDTA (soil + foliar) resulted in 
substantially longer spikes, and a greater value for spikelets and grain weight.  

  

  
Figure 1. Impact of Fe-EDTA application on growth characteristics of bread wheat  

S= (Soil Application), S+F= (Soil + Foliar), F= (Foliar Application) 
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Figure 2. Impact of Fe-EDTA application on yield characteristics of bread wheat 

Effect of Fe-EDTA application methods on Fe concentration in grains of bread wheat 

The impact of Fe-EDTA applications on the Fe concentration in wheat grains was found statistically significant 
(P<0.05, Table 1). The wheat plants that received Fe-EDTA applications by defined methods exhibited a 
notable increase in Fe accumulation in their grains, ranging from 2 to 4 times higher compared to the plants 
of control group. Significant variations were also observed in Fe accumulation among the different Fe-EDTA 
application methods, whereby the plants treated with Fe-EDTA through a combination (soil + foliar) exhibited 
significantly highest Fe concentration (86.54 ± 5.57 mg kg-1) than the other two methods (soil and/or foliar). 

Table 1. Fe concentration in grains (mg kg-1) of bread wheat as influenced by Fe-EDTA application  

Fe application methods Fe in grains (mg kg-1)  Times increase over control 
Control 19.89 ± 2.90 C --- 
Fe-EDTA in soil 38.63 ± 1.44 B 1.9 
Fe-EDTA in soil + foliar 86.54 ± 5.57 A 4.3 
Fe-EDTA foliar 50.60 ± 4.65 B 2.5 

Each value is mean ± SE (n = 4); means followed by different letters show significant variation among each other (P < 0.05) as 
a function of Fe-EDTA application methods  

Influence of Fe-EDTA application methods on Fe buildup in post-harvest soil 

The outcome of Fe-EDTA applications on Fe concentration (mg kg-1) in surface soil was highly significant (P < 
0.05, Table 2). Wheat plants which were treated with Fe-EDTA through soil + foliar application significantly 
enhanced Fe concentration in soil (8.89 ± 1.07 mg kg-1) than the control treatment (6.22 ± 0.25 mg kg-1). With 
respect to control, the plots which were subjected to Fe-EDTA through various application methods increased 
the Fe concentration in soil from 3% to 42.9%. No significant difference was found among various Fe-EDTA 
application methods for Fe concentration in surface soil. 

Table 2. Influence of Fe-EDTA application on Fe concentration (mg kg-1) in postharvest soil  

Fe application methods Fe in soil (mg kg-1) % increase over control 
Control 6.22 ± 0.25 BB --- 
Fe-EDTA in soil 8.17 ± 0.36 AB  31.3 
Fe-EDTA in soil + foliar 8.89 ± 1.07 AB  42.9 
Fe-EDTA foliar 6.41 ± 0.30 AB 3.0 
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Discussion 
The application of Fe-EDTA in bread wheat resulted in substantial improvements in targeted growth and yield 
parameters, when compared to the control treatment. These findings highlight the importance of iron as a 
micronutrient for bread wheat and underscore the potential of Fe-EDTA application as an effective Fe source 
for promoting plant growth, optimizing yield, and improving overall productivity. Iron is very important to 
the growth of wheat because it is involved in important processes like photosynthesis, chlorophyll formation, 
enzyme activity, respiration, food uptake, and protein synthesis (Frossard et al., 2000; Wiedenhoeft, 2006).  
Similar positive impacts of iron on the upgrowth and productivity of wheat have been documented not only 
in Pakistan but also in other regions worldwide (Abbas et al., 2009; Habib, 2009; Armin et al., 2014; Bakhtiari 
et al., 2015).  

The Fe concentration in wheat grains was significantly higher (two to four times) when the Fe-EDTA was 
applied in soil, foliar and/or soil + foliar than the control treatment. A rise in iron concentration in grains may 
be related to Fe application to wheat crop and its better mobility from soil to grains and/or leaf to grains. A 
good remobilization of Fe from shoots (77% of the whole shoot Fe) to grains of wheat has also been 
documented previously (Garnett and Graham, 2005). Many studies have shown a rise in iron accumulation in 
wheat grains with the submission of various Fe treatments (Habib, 2009; Pahlavan-Rad and Pessarakli 2009; 
Zhang et al., 2010; Aciksoz et al., 2011). However, in current study the increment in iron quantity was many 
orders of magnitude higher than the cited studies. A high Fe density in wheat grains might be associated to 
coordination of Fe and EDTA. The EDTA has been documented to escalate the concentration of coordinated 
ions in plants (Vassil et al., 1998). It is speculated that synthetic chelates (including EDTA) increase the 
mobility of ions by two mechanisms, (i) by destroying the physiological root barriers that are normally 
involved in controlling the uptake and mobility of ions, and (ii) destabilizing root surrounding plasma 
membrane (a barrier forming agent) by removal of its stabilizing ions (e.g., Zn2+ and Ca2+) (Vassil et al., 1998). 
In addition, Lindsay (1995) suggested that chelating agents are useful because they increase the total Fe 
concentration in soil solution, enhance diffusion gradients and reduce Fe depletion zones in rhizosphere.  

Among three Fe-EDTA treatments, there was significantly higher Fe concentration in wheat grains when the 
wheat crop was subjected to soil + foliar application of Fe-EDTA. Such an increase in wheat grains may be 
associated to exposure, uptake and absorption of Fe by both pathways (roots and leaves). The combined 
approach of soil and foliar application provides iron through both root and leaf pathways, increasing the 
chances of iron absorption by the plants. It facilitates efficient translocation of iron within the plant, aiding its 
transport to the developing grains. The synergy between soil and foliar applications may further enhance iron 
uptake and accumulation. These scientific reasons explain the observed increase in iron concentration in 
wheat grains. 

There was a significantly higher Fe concentration in surface soil where the Fe-EDTA was applied in soil + foliar 
than the plots where no Fe-EDTA application was made. Relatively high Fe concentration in soil + foliar 
treatment is possibly because of exposure of soil with Fe by both means (soil + droppings during foliar spray). 
The retention of Fe in soil may be associated to the process of adsorption, whereby inorganic colloids (clays, 
metal(s) of oxides, hydroxides, carbonates and phosphates) and organic colloids (organic matter, and certain 
algae and bacteria) retain metal ions (Bradl, 2004). In current study, the texture of the soil was Clay (with > 
46% clay fraction) and the organic matter was moderate (> 1%), hence a high adsorption of Fe was expected. 
A greater retention and lower solubility and bioavailability of Fe is also correlated to high pH and soil 
calcareousness (Bradl, 2004; Ramzani et al., 2016). In current study, the soil was moderately to slightly 
alkaline in reaction (pH > 8.0) and moderately calcareous in nature (> 7%), hence high retention of Fe was 
anticipated. The pH also affects to stability of chelates to bind Fe; it has been documented that EDTA loses 
significant Fe when the pH increases above 6.0 (Lindsay, 1995). 

Despite yielding an obvious outcome in our study that documents the benefits of Fe usage in wheat husbandry, 
mainly by soil+foliar fertilization, the study also possesses certain limitations. The first limitation pertains to 
the extent of the experiment. Since the experiment spanned only one growing season, it is crucial to replicate 
it at multiple locations having varied environmental conditions, soil types and wheat varieties to reach to more 
robust ending. A second potential limitation relates tothe price of Fe-EDTA, which is relatively higher than the 
commonly used source of Fe (FeSO4). Future studies should be devised where these two sources of Fe may be 
compared for their efficiency, economic returns and health benefits. 
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Conclusion 
The applications of Fe-EDTA significantly enhanced the defined growth and yield components, and Fe 
concentration in wheat grains and post-harvest soil than control treatment. Among the different tested Fe 
application methods, the outcome of combined soil + foliar supplement of Fe-EDTA was relatively better for 
most of the parameters. We suggest that the combined soil + foliar application of Fe-EDTA (@ 2 kg Fe ha-1 + 
0.2% Fe at booting, flowering and milky stage) should be adopted for selected wheat cultivar (Moomal) to 
attain maximum crop growth and yield, and Fe concentration in grains. 
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 Abstract 
Article Info Psamments is sandy soil with a texture class of fine loamy sand or coarser in all 

layers, deposited sands such as dunes in beach lands with low soil biological fertility. 
Adding mycorrhizal, soil amendments, and inorganic fertilizers could improve soil 
fertility. This research aimed to investigate the effect of mycorrhizal, soil 
amendments, and inorganic fertilizers on soil organic carbon (SOC), microbial 
biomass carbon (MBC), glomalin-related soil protein (GRSP), and root infections in 
Psamments. This research was a pot experimental in screenhouse, arranged in a 
factorial completely randomized design with three factors: three of mycorrhizal 
doses, M0 = 0 spore pot-1, M1 = 3 spores pot-1 and M2 = 6 spores pot-1; three types of 
soil amendments, P0 = non amendment, P1 = cow dung 60 t ha-1, P2 = rice husk 
biochar (RHB) 25 t ha-1; and two doses of inorganic fertilizer, A0 = 0 kg ha-1, A1 = 100 
kg ha-1 NPK (15:15:15) fertilizer, replied three times. The results showed that 
mycorrhizal combination with RHB and inorganic fertilizer increased MBC up to 23 
times than control. The combination of mycorrhizal-cow dung-inorganic fertilizer 
was the highest of total-GRSP (4.4 times) and mycorrhizal dose 6 spores pot-1 with 
both amendments and inorganic fertilizer increase root infection up to 90%. It was 
proven that mycorrhizal with soil amendments and inorganic fertilizers could 
improve the microbial properties of Psamments.  

Keywords: Cow dung, low fertility, rice husk biochar, soil organic, total GRSP. 
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Introduction 
The nature that finite of land availability causes the emergence of a tight full competition for land use. This 
usually occurs between the agricultural and non-agricultural sectors, those resulting in actions to convert the 
function of agricultural land (Agricultural Land Conversion) (Sitko and Jayne, 2014). The agricultural land 
conversion to non-agricultural functions has increased yearly due to the high human need for shelter (Rondhi 
et al., 2018). Somehow, the need for food has also increased, in line with the increasing population in Indonesia 
(Safitri and Sihaloho, 2020). Azadi et al. (2011) also stated that the most common problem in developing 
countries is a massive population and high food consumption. The better solution to this problem is 
agricultural extensification by managing sub-optimal soil such as sandy soil or Psamments (Handika et al., 
2016). 

Countries worldwide know that Indonesia is a very large archipelagic country with a total of 17,480 islands 
(Torry and Kusumo, 2010) spread from Sabang to Merauke. The ocean bounds each island, and the border 
between the edge of the island and the ocean is called the coastline (Alfahmi et al., 2019). Indonesia's coastline 
is composed of loosely structured soil, the particles are not bound together, and there are no clay particles, 
called sandy soil or Psamments (Vezzani et al., 2018). Psamments in Indonesia, approximately about 
1,060,000 ha and potential to cultivate (Kelland et al., 2020). Nevertheless, there are several obstacles in the 
use of lands such as arid environmental conditions (Meftah et al., 2019), low numbers of microorganisms 
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(Pakbaz et al., 2018), and low of biological activities (Wong et al., 2020), so the decomposition process is not 
going well and humification is not running optimally (Goebel et al., 2011), and not soil aggregation is created. 
As a result, organic material is not well decomposed and low in content, so the soil fertility is not optimal and 
less supportive of plant growth. The low biological activity of Psamments is caused by physical problems of 
the soil and climate, especially microclimate which are less friendly and become a barrier to plants suitable 
for growth. 

Solving the problem of Psamments using mycorrhizal, especially endomycorrhizal according to Bai et al. 
(2002) was effective because mycorrhizal plays an active role in critical conditions by increasing nutrient 
uptake of phosphorus (Clausing and Polle, 2020) and other essential microelements (Zn, Co, and Mo), 
increasing soil aggregation so that soil microbial activity that is beneficial to plants also increases and protects 
plants from root pathogens (Cheng et al., 2022). Samuel and Veeramani (2021) also stated by their research 
by comparing the growth of plants with mycorrhizal colonization and none in the same soil conditions. The 
result showed that plants with mycorrhizal colonization absorb nutrients more significantly than non-
mycorrhizal colonization. The problem of Psamments can also be overcome by providing a soil amendment to 
improve the characteristics of biology, chemistry, and soil physics. The biological characteristics of soils were 
markedly enhanced by the application of solid biofertilizers and organic amendments, particularly SOC 
(Fitriatin et al., 2021). Sukartono et al. (2022) reported that biochar-based organic amendments significantly 
enhanced soil organic carbon and cation exchange capacity in the sandy loam soils. The long-term carbon 
absorption and glyphosate-biochar interaction during adsorption can be enhanced by rice husk biochar. 
Enhancing the cation exchange capacity, electrical conductivity, pH H2O, and soil organic matter, Inceptisols 
ameliorated with rice husk biochar raised the soil surface charge (ΔpH) (Herviyanti et al., 2022) and increased 
fertilizer absorption by root (Nurmalasari et al., 2021). 

Prasad and Kothari (2022), the application of cow dung to soil had some advantages to yield, cation exchange 
capacity (CEC), soil organic matter percentage, pH, and direct impact on food security and human health. The 
low fertility of Psamments can be improved by applying inorganic fertilizer (Sharma et al., 2020) because it 
will provide a sufficient supply of nutrients for plant growth. Various studies that have been conducted have 
yielded less than optimal results. Hapsoh et al. (2017) state that the application of inorganic fertilizers resulted 
in the lowest growth because the nutrients supplied by inorganic fertilizers are leached due to sandy soil 
having loose consistency (Fang et al., 2021). Likewise, a single application of rice husk biochar has no 
significant effect on SOC. Adding mycorrhizal alone does not significantly affect nutrient absorption (Sun et 
al., 2022).  

The novelty of this research is three treatment combinations of mycorrhizal, soil amendments, and inorganic 
fertilizer to improve microbial characteristics in Psamments. Thus, the aimed of the research was to 
investigate the effect of three treatment combinations on soil organic carbon (SOC), microbial biomass carbon 
(MBC), glomalin-related soil protein (GRSP), and root infections in Psamments through a pot experiment.  

Material and Methods 
This research was conducted for 6 months at the green house experimental garden Faculty of Agriculture, 
Universitas Sebelas Maret located in Jumantono, Karanganyar, Indonesia. A pot experiment arranged with a 
factorial Completely Randomized Design consisting of three treatment factors: mycorrhizal, types of soil 
amendments, and doses of inorganic fertilizers. The mychorrhizal fungus used in the experiment is 
endomycorrhizal, consist of Glomus manihotis, Glomus intraradices, Glomus aggregatum, Acaulospora sp., 
Gigaspora sp., that total spore density is 33.2% spore/50grams. The characteristics of cow dung: pH H2O (1:5) 
7.88; total organic carbon (TOC) 16.62% (dry combustion) (Soil Survey Staff, 2022); total Nitrogen 0.64% 
(Kjeldahl) (FAO, 2021), and C/N Ratio 26.39. The characteristics of rice husk biochar: water content 8.11%, 
pH H2O (1:5) 6.14; total organic carbon (TOC) 18.07%; total Nitrogen 0.54% (Kjeldahl), and C/N Ratio 33.3. 
Mycorrhizal dose consists of three levels, namely 0 spore/pot (M0), 3 spores/pot (M1), 6 spores/pot (M2), 
three types of soil amendments: non amendment (P0), cow dung 60 t ha-1 (P1), rice husk biochar (RHB) 25 t 
ha-1 (P2), and two levels of inorganic fertilizers, 0 kg ha-1 (A0) and 100 kg ha-1 (A1) NPK fertilizer (15:15:15). 
There were 18 treatment combinations with 3 replications so there were 54 experimental units. 

The soil used was Psamments from Bantul Regency, Yogyakarta Province, Indonesia. The initial soil analysis 
of Psamments according to Page et al. (1982), the result showed that pH H2O (1:2.5) 7.12; soil organic carbon 
0.18%; cation exchange capacity 4.43 cmol kg-1; total N 0.015%; available P2O5 7.34 mg kg-1, available K 0.27 
cmol kg-1; and soil texture was sand (sand 92.23%; silt 6.81%; and clay 0.96%). According to soil fertility 
category by Husein et al. (2021), the parameters of pH H2O is neutral, SOC, CEC, total nitrogen, available P2O5, 
and available K are very poor. Based on the initial soil analysis, it can be concluded that the Psamments had 
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low fertility. There are many steps of this research. First, sieving soil with a 2 mm sieve to separate the soil 
fraction from the rock. Next, a quantity of soil weighing 10 kg was carefully measured and thereafter placed 
within a polybag. Subsequently, the soil was combined with the appropriate soil amendments based on the 
designated treatment and subjected to a four-week incubation period. After 4 weeks of incubation, planting 
red chili (Capsicum annuum L.) seedlings is carried out together with the mycorrhizal application according to 
the treatment. Inorganic fertilizers were applied a week after planting.  

Watering is done by adding the water until field capacity and weeding every 2 days until 110 days after 
planting. At 110 days, the soil and root sample was collected. Soil samples were analyzed including SOC 
(Walkey and Black) (Black et al., 2016), microbial biomass carbon (fumigation and extraction), soil sample 
extracted with 0.5 M K2SO4, shaked for 30 minutes and filtered with Whatman 42, and then fumigated, last 
measured the absorbance using a spectrophotometer at 561 nm (Vance et al., 1987), easily extracted glomalin 
(EE-GRSP) by autoclaving soil samples with sodium citrate 20 Mm pH 7 for 30 minutes, total-GRSP by 
autoclaving of soil samples with 50 Mm sodium citrate pH 8 for one hour (Wright and Upadhyaya, 1998). 
Analysis of root samples includes calculating root infection (Phillips and Hayman, 1970). The data were 
subjected to statistical analysis using a one-way analysis of variance (ANOVA) test with a significance level of 
5% and DMRT test level of 5% with the Minitab version 16. To determine the relationship between variables 
using the Pearson correlation test. 

Results and Discussion   

Effects of mycorrhizal, soil amendments and inorganic fertilizers on Psamments characteristics 

Soil organic carbon (SOC) 

The application of cow dung significantly affected to increase SOC, levels up to 2.36 times compared to non-
amendment (Figure 1). Biochar rice husk application increased SOC value 1.71 times than non-amendment, 
the lowest is in non-amendment (0.14%). Ebido et al. (2021) reported that the adding of rice husk biochar 
increased soil organic carbon generally, with the greatest increments (37%) in maximum rate. Organic 
amendment have been found to contribute more to soil organic carbon (SOC) than inorganic fertilizers 
(Supriyadi et al., 2018). Saleem et al. (2022) stated that biochar applied to sandy loam soil can increase humic 
acid, fulfill acid, and impact the soil's total SOC. Baiamonte et al. (2021) also stated that biochar was used as a 
recommendation for the restoration of degraded and marginal lands through increased SOC and nutrients to 
increase crop productivity. He et al. (2020) reported that mycorrhizal application contributes to the SOC 
presence. The mechanism is mycorrhizal symbiosis association shaped extraradical hyphae and its hyphal 
turnover to the soil and added SOC in the form of glomalin (Paterson et al., 2016; Syamsiyah et al., 2018). This 
statement was assured by the positive correlation (r=0.467**) between SOC and glomalin. Meanwhile, 
mycorrhizal hyphae have the ability to accelerate litter's decomposition to aid the accumulation of SOC 
presence and increase plant capability to uptake Nitrogen (Hodge and Fitter, 2010). Mycorrhizal also has a 
function to promote SOC’s retention into aggregates (Wei et al., 2019). 

 

Figure 1. Effect of mycorrhizal, soil amendments, and inorganic fertilizers on soil organic carbon in Psamments 
Remarks: Means in a column followed by the same letters show no significant difference in the DMRT test at a 5% significance level. 
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Glomalin Related Soil Protein (GRSP) 

GRSP consists of easily extracted glomalin (EE-GRSP) (the latest glomalin fraction) and total-GRSP (the 
number of old and most recent fractions) (Wright and Upadhyaya, 1998; Rillig 2004; Liu et al. 2020), it is 
protein-bound soil which is a product of the turnover of hyphal mycelium during mycorrhizal activity (Balami 
et al.,  2020). Recently, the T-GRSP was divided into easily extract glomalin (EE-GRSP) and difficult extract 
glomalin (DEG), but only T-GRSP and EE-GRSP were measured in this research. It means that EE-GRSP is a 
component of T-GRSP and build it up.  

F test results showed that mycorrhizal treatment, soil amendments, and inorganic fertilizer had a significant 
effect on easily extracted glomalin (EE-GRSP) (P=0,000**) and T-GRSP (P=0.042 *). Application of mycorrhizal 
(6 spores/pot) with cow dung (M2P1A0) gave the best EE-GRSP (0.29 mg g-1). Interaction of mycorrhizal 6 
spores/pot, cow dung, and inorganic fertilizer (M1P1A1) was the highest T-GRSP (0.34 mg g-1), increase up to 
4.25 times than M0P0A0 that having the lowest value of EE-GRSP (0.05 mg g-1) and T-GRSP (0.08 mg g-1). 

Syamsiyah et al. (2018) mentioned that glomalin as an organic-C deposit in the soil due to its long lifetime in 
soil, it also contains organic-C as the main binding (Li et al., 2020) material that stabilizes soil. Glomalin 
contained in the spore walls and hyphal when turnover during fungal activity as the main mechanism for 
glomalin deposition to the soil also describes the functionality of glomalin away from the hyphal wall to the 
soil during the life of fungal mycelium (Singh, 2012). The highest EE-GRSP was found in mycorrhizal treatment 
(6 spores/pot) with cow dung (M2P1A0) with an increase of 5.8 times compared to control (Table 1). Total 
GRSP was highest in mycorrhizal treatment (3 spores/pot), cow dung, inorganic fertilizer (M1P1A1) with a 
4.4 times increase compared to controls (Table 1). Syamsiyah et al. (2018) reported that mycorrhizal 
application increases available and total glomalin. Increased glomalin caused by mycorrhizal hyphae which 
are inoculated into the soil will produce a compound in the form of glycoprotein known as glomalin (Rillig, 
2004).  

Table 1. Effect of mycorrhizal, soil amendments and inorganic fertilizers on easily extracted and total glomalin in 
Psamments 

Treatments 

Easily Extracted 
Glomalin  

(EE-GRSP)  

Total glomalin 
related soil protein  

(T-GRSP) 

mg g-1 

Control 0,05 j 0,08 e 
No Mycorrhizal-Cow dung-Non fertilizer 0,16 de 0,3 a 
No Mycorrhizal-RHB-No fertilizer 0,06 j 0,15 bcde 
Mycorrhizal 3 spores -No Amendment-No fertilizer 0,14 defg 0,21 abcde 
Mycorrhizal 3 spores -Cow dung -No fertilizer 0,22 bc 0,29 ab 
Mycorrhizal 3 spores -RHB -No fertilizer 0,06 j 0,11 de 
Mycorrhizal 6 spores - No Amendment -No fertilizer 0,08 ghij 0,26 abc 
Mycorrhizal 6 spores – Cow dung -No fertilizer 0,29 a 0,3 a 
Mycorrhizal 6 spores - RHB -No fertilizer 0,07 hij 0,09 e 
No Mycorrhizal-No Amendment-100 kg ha-1 inorganic fertilizer 0,07 ij 0,08 e 
No Mycorrhizal-Cow dung-100 kg ha-1 inorganic fertilizer 0,27 ab 0,31 a 
No Mycorrhizal-RHB-100 kg ha-1 inorganic fertilizer 0,14 def 0,11 de 
Mycorrhizal 3 spores-No Amendment-100 kg ha-1 inorganic fertilizer 0,12 efghi 0,13 cde 
Mycorrhizal 3 spores-Cow dung-100 kg ha-1 inorganic fertilizer 0,17 cd 0,34 a 
Mycorrhizal 3 spores-RHB-100 kg ha-1 inorganic fertilizer 0,09 ij 0,11 de 
 Mycorrhizal 6 spores-No Amendment-100 kg ha-1 inorganic fertilizer 0,07 ij 0,09 de 
Mycorrhizal 6 spores-Cow dung-100 kg ha-1 inorganic fertilizer 0,1 fghij 0,23 abcd 
Mycorrhizal 6 spores-RHB-100 kg ha-1 inorganic fertilizer 0,13 defgh 0,13 cde 

Remarks: Means in a column followed by the same letters show no significant difference in the DMRT test at a 5% significance level. 

Prasad and Kothari (2022) revealed that cow-dung treatment gives high glomalin value because it increases 
soil nutrition and biological activity, produces growth stimulating substances that cause mycorrhizal hyphae 
to develop and glomalin as adhesive and hyphae protector (Driver et al., 2005). GRSP with organic carbon and 
nitrogen in the soil is a source of nutrients available for plants that are very important for nutrient cycles and 
ecosystems (Treseder and Turner, 2007). McClellan et al. (2022) also mentioned that GRSP operationally 
defined protein fraction of soil organic matter, that hypothesized to build up contribution to long-term soil 
aggregation, soil stability, and also long-term soil carbon storage and it means the content of glomalin was 
affected especially by SOC and SOC itself significantly correlates with GT. 
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Microbial Biomass Carbon (MBC) 

F test results showed that the interaction of mycorrhizal, soil amendments, and inorganic fertilizer 
significantly influenced microbial biomass carbon (P=0,000**). Microbial biomass carbon was the highest in 
mycorrhizal treatment (6 spores/pot) with biochar rice husk without inorganic fertilizer with a 23-fold 
increase in control (Figure 2). Mycorrhizal treatment (6 spores/pot), cow dung, and inorganic fertilizer 
(M2P1A1) increased the level of C-microbial biomass up to 11 times than the control (Figure 2).  

 

 
Figure 2. Effect of mycorrhizal, soil amendments, and inorganic fertilizers on carbon microbial biomass in Psamments 
Remarks: Means in a column followed by the same letters show no significant difference in the DMRT test at a 5% significance level. 
M0= 0 spore/pot, M1= 3 spores/pot, M2=6 spores/pot (M2), P0= without amendment, p1=cow dung 60 t ha-1, P2= rice husk biochar 

(RHB) 25 t ha-1, A0= 0 kg ha-1, A1 = 100 kg ha-1 NPK fertilizer (15:15:15). 

 

Fungal hyphae have a strong interaction with soil microbes (Nichols, 2008; Eddiwal et al., 2018;) along with 
the addition of biochar rice husk and inorganic fertilizer (Fang et al., 2021) as a source of nutrition for 
microbial development so that the decomposition process will be faster. Xu et al. (2014) suggested that 
biochar rice husk application affects soil bacterial community through improving the soil physicochemical 
characteristics. In line with Xu et al. (2016), the utilization of biochar derived from rice husk in soil has been 
found to enhance microbial activity, potentially attributed to the presence of labile carbon compounds inside 
the biochar. This, in turn, leads to an increase in the availability of nitrogen in soils subjected to biochar 
treatments. Some research result showed that the plant roots have the capacity to facilitate the establishment 
of some specific consortium of microorganisms while the rhizosphere were invaded by fungi (mycorrhizal), 
so that will be some association between microorganisms and root surfaces (rhizosphere) and gave some 
beneficial advantages to both plant and microorganisms (Berendsen et al. 2012; Huang et al. 2019; Gregory, 
2022). 

Conversely, the presence of increased microbial activity suggests a potential elevation in the rate at which 
nutrients, such as nitrogen, are cycled. This might potentially lead to a decrease in nitrogen leaching when rice 
husk biochar is applied. Prasasti and Purwani (2013) revealed that the increase in mycorrhizal dose showed 
an increase in mycorrhizal colonization. Thus, the extension of mycorrhizal hyphae causes interactions with 
various rhizobacterium (Sutariati and dan Wahab, 2012) and the population is increasing along with the 
application of biochar rice husk as an organic material containing organic carbon, humic acid, fulvic acid, and 
various other nutrients (N, P, K) which are a source of energy for soil microbes to accelerate decomposition 
and other chemical reaction processes that require microbial assistance.  

Xu et al. (2016) also mentioned that biochar rice husk application may develop biogeochemical interfaces 
(BGIs) through the high porosity and various functional benefits. Hanzel et al. (2013) explained that BGI 
conditions to the soil could enhance the diversity of niche microhabitats in the soil, hence promoting the 
formation of diverse bacterial populations and facilitating various biological activities. Bi et al. (2018) 
explained that arbuscular mycorrhizal inoculation significantly improves the rhizosphere environment for 
microbes (rhizobacterium) to survive and adapt in the environment, so conducive to soil quality improvement 
and impact the growth of plants. Thereby MBC is in line with bacterial diversity that would be higher in biochar 
applications. 
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Effects of mycorrhizal, soil amendments, and inorganic fertilizers on root infection in Psamments  

The analysis of varian results showed that mycorrhizal application with amendments and inorganic fertilizers 
significantly affected the percentage of root infections (p = 0,000**). The highest root infection was found in 
mycorrhizal treatment (6 spores/plants). It’s about a 100% percentage of infection (Figure 3 and 4). 
Amending and adding mycorrhizal doses increase the percentage of root infections. In line with Bi et al. (2018) 
that mycorrhizal treatment gives a higher mycorrhizal colonization rate inside the root cell than non-
inoculated (control) treatment. Ning et al. (2019) also reported that mycorrhizal treatment improves 
colonization rate than non-inoculated treatments. Prayudyaningsih and Sari (2016) research results showed 
that the roots of the host plant which were inoculated with mycorrhizal were infected, while the roots that 
were not inoculated did not indicate infection. The research results of  Chiomento et al. (2022) also revealed 
the best root infectivity in treatments that were given higher mycorrhizal doses, while the lowest infectivity 
at the lower dose treatment roots. The extension of colonized hyphae mycorrhiza causes interactions with 
various rhizobacterium and soil microbes (Nichols, 2008; Eddiwal et al., 2018) which helps mycorrhizal 
signaling process such as mycorrhization helper bacteria (MHB) and phosphate solubilizing bacteria (PSB) so 
that it affects the mycorrhizal activity to colonize the roots (Gundale and DeLuca, 2007).  

 
Figure 3. The lowest root infection  without mycorrhizal treatment (M0P0A0) (a) and the highest root infection on 

mycorrhizal 6 spores/pot  (M2P0A0) (b)  
 

 
Figure 4. Effect of mycorrhizal, soil amendments, and inorganic fertilizers on root infection in Psamments 

Remarks: Means in a column followed by the same letters show no significant difference in the DMRT test at a 5% 
significance level. M0= 0 spore/pot, M1= 3 spores/pot, M2=6 spores/pot (M2), P0= without amendment, p1=cow dung 

60 t ha-1, P2= rice husk biochar (RHB) 25 t ha-1, A0= 0 kg ha-1, A1 = 100 kg ha-1 NPK fertilizer (15:15:15). 
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Correlation between SOC, GRSP, MBC, and Root Infection  

Correlation test results showed that the parameters relate to mycorrhizal treatment, soil amendments and 
inorganic fertilizers. A significant correlation between EE-GRSP and soil organic carbon levels (r =0.467**) 
(Figure 5). A significant positive correlation was observed between EE-GRSP and T-Glomalin (r =0.695**) 
(Figure 6). The microbial biomass carbon parameter has a very strong correlation with the parameters of root 
infection (r = 0.488**) (Figure 7). All of these correlations are calculated by the ordinary least square method. 

 

   

Figure 5. Relation between easily 
extracted glomalin and soil organic 

carbon 

Figure 6. Relation between easily 
extracted glomalin and total 

glomalin 

Figure 7. Relation between microbial 
biomass carbon and root infection 

Balami et al. (2020) was reported that carbon in glomalin has a major contribution to increasing SOC (Matos 
et al. 2022) and has an impact on improving soil for crop production. Singh (2012) also explained that 
mycorrhizal and GRSP correlate with each other due to their role in building up aggregation then affecting SOC 
dynamics around the agroecosystem. MVA through its external roots will produce compounds in the form of 
glomalin glycoprotein and organic acids that can increase SOC levels so that there was a strong positive 
correlation between glomalin and SOC (Wang et al., 2018).  In their study, Wu et al. (2022) report that the 
application of mycorrhizae has been found to enhance litter decomposition in laboratory trials of short 
duration. However, it is suggested that these effects may potentially yield beneficial long-term outcomes for 
soil organic carbon (SOC) accumulation, hence contributing to soil carbon storage.  Its short-term effects knew 
that mycorrhizal vesicular-arbuscular (MVA) enhance the degradation of soil organic matter (SOM) by 
stimulating decomposers, and moreover the microbial metabolites never lost but they turn into highly stable 
compounds known as mineral-associated SOM fractions which will be the longest mean residence time in soil. 
Organic matter sub-soil contains more microbes derived compounds than top-soil and this microbial 
processes sugar seems to be better associated with mineral phases compared to plant-derived organic matter 
(Rumpel and Kögel-Knabner, 2011). Thereby, this mechanism which holds particular importance in the sub-
soil (clay-minerals presence and sesquioxides) enhancement, represents a considerable potential for mineral-
associated organic matter in long-term stabilization (Wu et al., 2022). There was a strong correlation between 
total and easily extracted glomalin due to their arrangement for presence in the rhizosphere (McClellan et al., 
2022). 

The findings of this research align with the statement of Spedding et al. (2004) that the activity and density of 
microbial populations in the soil are determined by changes in the chemical and physical conditions of soil. 
That is because the extension of mycorrhizal hyphae causes interactions with various rhizobacterium 
(Budiastuti et al., 2021) and soil microbes (Sodiq et al., 2021). The same statement by (Kilowasid et al., 2021) 
along with the increase in mycorrhizal dose shows an increase in mycorrhizal colonization. Soil microbes 
biomass carbon was measured to estimate the presence of microbacterial communities around the 
rhizosphere by measuring the microbe's organic carbon molecules (Ashraf et al., 2020). There was a microbe 
that colonized and resided in the root (surrounding rhizosphere) that utilizes its exudates to their metabolism 
and also a role as a beneficial agent to the plant due to these microbes function (fixation of nitrogen, nutrient 
uptake enhancement, suppression of plant from diseases) and they called as plant growth promoting 
rhizobacteria (PGPR) (Kumari et al., 2018).  
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Microbial biomass carbon demonstrated a very significant correlation with root infection, which agrees with 
our findings. Living root inputs are more effective than litter inputs in producing fast and slow-cycling SOC, as 
well as being more efficiently utilized by the soil microbial population, leading to an increase in the pool of 
mineral-associated SOC (Sokol et al., 2019). This is consistent with the theory of a dissolved organic C route 
from live roots to microbial biomass, as well as mineral-associated SOC (Cotrufo et al., 2019). The type of 
mycorrhizal association determines the formation of slow-cycling soil carbon, microbial stabilization which 
increases with soil depth, secretions and microbial necromass could potentially supplied carbon inputs for 
mineral-associated soil organic C formation, while C released by roots at deep can be stabilized and contribute 
to C pool. The presence of roots can enhance the availability of labile carbon to rhizosphere bacteria, resulting 
in higher rates of SOM mineralization, roots can also contribute to the destabilization by exposing previously 
protected carbon to decomposition of microbial (Dijkstra et al., 2021). Roots have a substantial impact on the 
mineralization of soil organic matter, nitrification, and subsequent immobilization driven by microbial. The 
presence of roots speeds up the decomposition of SOM by up to five times (Gregory, 2022). These findings 
point to the importance of mycorrhizal fungi in microbial biomass, soil organic carbon, and root infection to 
improve the Psamments characteristics.    

Conclusion 
Psamments have low fertility, especially in the concentration of soil organic carbon, total nitrogen, cation 
exchange capacity, available phosphor, and available potassium, according to the initial soil analysis and soil 
fertility category. Adding mycorrhizal, soil amendments, and NPK fertilizers could enhance the problem. Based 
on the results obtained, several conclusions were drawn that the adding of mycorrhizal, amendments and 
inorganic fertilizers can increase the MBC (M2P1A1) with an 11-fold increase (1.22 µg/g) than non-
mycorrhizal treatment. Mycorrhizal (6 spores/pot) with cow-dung (M2P1A0) gave the best EE-GRSP (0.29 mg 
g-1), and the highest root infection was found in mycorrhizal treatment (6 spores/pot) with a percentage of 
infection of 100%. A very strong correlation occurs between EE-GRSP and soil organic carbon, EE-GRSP and 
T-Glomalin; and also microbial biomass carbon and root infection. Mycorrhizal associations are vital for 
microbial stability; C produced by roots contributes to C storage. Roots could boost the availability of labile 
carbon to rhizosphere microorganisms, resulting in faster SOM mineralization and SOC stabilization. Soil 
microbial activities, such as the mineralization of soil organic matter, are influenced considerably by roots. 
SOM decomposition speeds up when roots are present. These data imply that mycorrhizal fungi play a key 
role in microbial biomass, soil organic carbon, and root infection. This study showed that combining 
mycorrhizal fungi with soil amendments and inorganic fertilizers can enhance the properties of Psamments. 
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 Abstract 
Article Info Rice, a fundamental staple globally, plays a pivotal role in addressing food security 

and nutrition. This study explores the intricate interplay between soil 
characteristics, productivity challenges, and solutions in Azerbaijan's rice farming 
landscapes, acknowledging the agricultural importance of rice and its contribution 
to human nutrition. This study aims to assess the physical and chemical properties 
of soil samples from Azerbaijan's rice cultivation areas, with a focus on nutrient 
content and the identification of elements limiting productivity and plant nutrition. 
By synthesizing these perspectives, the study enriches the understanding of the 
complex relationship between soil fertility class and rice productivity, offering 
insights for sustainable rice farming. Soil samples were collected from 
representative rice fields across Azerbaijan and analyzed for various parameters, 
including soil texture, pH, electrical conductivity, organic matter, and nutrient 
content. The soil sampling and preparation process maintained the integrity of 
collected samples, providing a reliable basis for scientific analysis. The results reveal 
diverse soil properties, with clayey texture prevailing. Soil acidity, salinity, and 
nutrient deficiencies pose challenges, emphasizing the need for corrective 
measures. The majority of soils exhibit unsuitable pH levels and elevated sodium 
content, necessitating interventions such as soil acidification and sodicity 
remediation. Soil salinity issues highlight the importance of drainage and leaching 
practices. Low organic matter and nutrient deficiencies, particularly zinc and 
manganese, underscore the need for targeted interventions, including foliar 
applications. Overall, Azerbaijan's rice-cultivated areas face challenges related to 
soil fertility, salinity, and nutrient deficiencies, impacting productivity. Corrective 
measures, such as soil reclamation, proper fertilization, and foliar applications, are 
crucial for enhancing crop yields. The study contributes valuable insights for local 
practices and the broader global pursuit of sustainable rice farming, emphasizing 
the importance of tailored strategies in addressing specific regional challenges. 
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Introduction 
Rice stands as a cornerstone in global agriculture, serving as a vital food source for a substantial portion of the 
world's population. Its significance extends beyond mere sustenance, playing a critical role in addressing food 
security and nutritional needs (Fukagawa and Ziska, 2019; Mohidem et al., 2022; Maftukhah et al., 2022). As 
we delve into the nuances of soil characteristics, productivity challenges, and solutions within the rice farming 
landscapes of Azerbaijan, it becomes imperative to recognize the agricultural importance of the rice plant and 
its indispensable role in human nutrition. Globally, rice boasts an average yield of approximately 4.5 tons per 
hectare, with Turkey exceeding this average at an impressive 8.5 tons per hectare. However, the unique rice 
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farming landscape of Azerbaijan presents distinct challenges, reflected in an average yield of 3 tons per 
hectare—a notable disparity compared to global and regional averages. This yield discrepancy prompts a 
comprehensive investigation into the multifaceted factors contributing to the suboptimal performance of rice 
production within the Azerbaijani context. From crop selection to soil preparation, and from disease and pest 
management to deficiencies in fertilization practices, our study focuses on the intricate interplay of these 
elements in the fields where rice is cultivated in Azerbaijan.  

Looking beyond the borders of Azerbaijan, insights from soil science significantly contribute to our 
understanding of the intricate relationship between soil characteristics and rice productivity. Simultaneously, 
an exploration of soil physico-chemical properties underscores the necessity for precise measurements to 
ensure higher rice production, as exemplified in regions such as Turkey and Japan. The critical role of soil 
physico-chemical properties in the growth, yield, quality, and market competitiveness of crops is evident, and 
their degradation leads to decreased soil fertility, nutrients, and overall productivity (Bueno and Ladha, 2009; 
Gathala et al., 2011; Timsina and Connor, 2001; Fan et al., 2008). In the context of sustainable agro-ecosystems, 
the enhancement of soil chemical properties can be achieved through fertilization, cropping adjustment, and 
other farm managerial practices (Gathala et al., 2011; Ladha et al., 2000; 2003). Researchers have extensively 
studied the variability and impact of soil chemical properties on rice yield. Juhos et al (2016) explored yield 
determinants by constructing a soil quality index from more than ten chemical and physical indicators on a 
225 ha farmland in East Hungary. Similarly, Obade and Lal (2016) tested four methods to construct a soil 
quality index, identifying properties determining soil physico-chemical and crop yield in private fields of Ohio, 
US. In Japan, despite rice still being the largest crop, its contribution to gross agriculture output decreased 
from 27.8% in 1990 to 18.0% in 2016 (Ladha et al., 2003). Under acreage reduction policies, the total planted 
area of rice decreased by 24% in the past two decades (Mousavi et al., 2009). Compared to other crops, rice 
yield is more influenced by soil fertility. Therefore, precise measurement of soil properties and their impact 
on yield is crucial in Japan, where significant soil nutrients are drained by the rich or deposited in dammed 
rivers (Ladha et al., 2000). A substantial body of literature has focused on the soil chemical properties of paddy 
fields in Japan. Katayanagi et al (2009) conducted a nationwide analysis of 986 plots, adopting individual 
indicators such as pH and total carbon. To estimate the effect of soil chemical properties, Matsumoto et al 
(1995) included the content of available arsenic, phosphorus, and acid ammonium oxalate extractable iron 
and aluminum. Additionally, Mori et al (2011) represented soil chemical properties by pH, cation exchange 
capacity, and oxidation-reduction potential. Li et al (2003) assessed the determinacy of soil chemical 
properties on rice yield, using on-farm data from individual paddy fields.  

In this study, we aim to determine the physical and chemical properties of soil samples from Azerbaijan's rice 
cultivation areas, assessing nutrient content, and identifying soil characteristics and nutrient elements that 
may limit productivity and plant nutrition in rice farming. Synthesizing these perspectives, our study enriches 
our understanding of the complex interplay between soil fertility class and rice productivity. By shedding light 
on challenges specific to Azerbaijan, we aspire not only to enhance local practices but also to contribute 
valuable insights for the broader global pursuit of sustainable rice farming. 

Material and Methods 
Soil Sampling 

In accordance with the 2022 data, rice cultivation is carried out on a total of 3.129,3 hectares in Azerbaijan. 
The rice cultivation areas in the country are distributed as follows: 1.225,3 hectares in the Lenkeran-Astara 
economic region (including Astara, Lenkeran, and Masalli districts), 1.820 hectares in the Central Aran 
economic region (including Agdash, Goychay, Ujar, Yevlakh, and Zardab districts), and 84 hectares in the 
Shirvan-Salyan economic region (Salyan district). Therefore, a total of 17 soil samples were collected from rice 
fields, representing the rice cultivation areas in Azerbaijan: 6 samples from the Lenkeran-Astara economic 
region, 7 samples from the Central Aran economic region, and 4 samples from the Shirvan-Salyan economic 
region. The soil samples were collected from the 0-20 cm depth at the conclusion of rice harvesting, specifically 
from rice fields characterized by monoculture rice farming practices, where rice plants are cultivated annually. 
The locations from which soil samples were obtained are illustrated in Figure 1. Upon collection, soil samples 
were carefully taken from each rice field, ensuring representation across the entire area. The collected soil 
samples were subjected to thorough removal of stones and plant residues on the soil surface. Subsequently, 
the soil samples were transported to the laboratory for further analysis. In the laboratory, the soil samples 
were processed under controlled conditions. They were first air-dried in a cool and shaded environment to 
prevent alterations in their chemical composition due to excessive heat or sunlight. Once dried, the soil 
samples were finely ground after removing any remaining moisture. The grinding process facilitated 
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homogenization and ensured that the soil samples were uniform for subsequent analyses. The sieving of the 
soil samples through a 2 mm mesh was then conducted to achieve a consistent particle size for optimal 
analytical results. The prepared soil samples, now in a homogeneous and fine-grained state, were deemed 
analytically ready and were utilized for subsequent investigations. The entire soil sampling and preparation 
process aimed to maintain the integrity of the collected samples and provide a reliable basis for the scientific 
analysis of the soil characteristics in the designated rice fields. 

 

  

Figure 1. Collection of Soil Samples from Rice-Cultivated Lands in Azerbaijan 

Climate 

The annual precipitation and temperature averages of Azerbaijan, along with the Köppen-Geiger classification 
map (Figure 2), are provided herein. The temperature patterns across Azerbaijan exhibit regularity, 
influenced by the characteristics of incoming air masses, regional topography, and proximity to the Caspian 
Sea. The Caspian Sea plays a pivotal role in modulating temperatures in coastal areas situated approximately 
20 kilometers away, causing a decrease in summer temperatures and an increase in winter temperatures. 
Simultaneously, it acts as a mitigating factor against the impact of hot and arid air masses originating from 
Central Asia. The average annual temperature maintains a range of 14–15°C in regions such as the Kur-Araz 
Lowland, coastal areas south of the Apsheron Peninsula, and the Lenkoran Lowland. Temperature decreases 
are observed with proximity to mountainous terrain, with averages of 4–5°C at an altitude of 2,000 meters 
and 1–2°C at 3,000 meters. Notably, the absolute minimum temperature of −33°C and the absolute maximum 
temperature of 46°C were recorded in Julfa and Ordubad, respectively. Azerbaijan experiences varying 
precipitation levels across its regions, with the maximum annual precipitation occurring in Lankaran (ranging 
from 1,600 to 1,800 mm) and the minimum in the Absheron Peninsula (ranging from 200 to 350 mm). This 
geographical diversity in precipitation underscores the nuanced climatic conditions within Azerbaijan. 

 
Figure 2. Climatic Overview of Azerbaijan: Precipitation, Temperature, and Köppen-Geiger Classification map 

Soil Analyses 

In the conducted soil analyses, various parameters were determined using established scientific methods. The 
soil texture was determined by the hydrometer method as described by Bouyoucos (1962). The pH and 
Electrical Conductivity (EC) were measured in a 1:1 (w/v) soil-to-distilled water suspension using a pH meter 
and EC meter, following the procedures outlined by Peech (1965) and Bower and Wilcox (1965). Organic 
matter content was assessed through wet oxidation with K2Cr2O7, following the method proposed by Walkley 
and Black (1934). Calcium carbonate (CaCO3) content was determined volumetrically using the Scheibler 
calimeter, as per the protocol detailed in Rowell (2010). Total nitrogen was quantified using the Kjeldahl 
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method, following the procedures outlined by Bremner (1965). Olsen method with 0.5 M NaHCO3 extraction 
was employed for the determination of available phosphorus, in accordance with the method introduced by 
Olsen and Dean (1965). Exchangeable potassium (K) and sodium (Na) were measured using Flame 
photometry after 1N NH4OAc extraction, as described by Pratt (1965). Exchangeable calcium (Ca) and 
magnesium (Mg) were determined by EDTA titration following 1N NH4OAc extraction, as per the procedures 
outlined by Heald (1965). Additionally, available iron (Fe), copper (Cu), zinc (Zn), and manganese (Mn) were 
determined in triplicate using the DTPA extraction method, followed by analysis with Atomic Absorption 
Spectrophotometry, as detailed by Lindsay and Norvell (1978). 

Computation of Soil Fertility Index (SFI) 

Over the years, there are many different soil testing procedures or methods that provide the most reliable 
prediction of crop yield response to evaluate soil fertility status. Soil fertility status can be evaluated directly 
or indirectly. Direct evaluations are carried out in the field, greenhouses or laboratory by means of 
experiments carried out under given climatic and management conditions. Indirect evaluations consist 
basically in developing and applying models of varying complexity. One of the most suitable models is SFI 
model. SFI was calculated to qualitative soil fertility classes by means of parametric approach using fifteen 
parameters for each soil sample point. To develop this model and determine threshold level of each SFI class, 
some literature such as Lindsay and Norvell (1978), Moran et al. (2000), Arshad and Martin (2002), Lu et al. 
(2002), Borůvka et al. (2005), Hazelton and Murphy (2007) were used. The fifteen parameters (diagnostic 
factors) are commonly implemented in physical and chemical characteristics of soil and designated with 
letters from A to P (Table 1). Each parameter or factor is evaluated ranging between 10 and 100. The least 
favour value of factor rating is 10 and the most beneficial value of factor rating is 100 for plant growth. In 
other words, the limiting nature of each SFI classes is taken into account by its effect in reducing productivity. 

Table 1. Factor rating each soil parameters 

 Diagnostic 
Factors 

  Factor rating 
 Units 100 80 50 20 10 

Available macronutrients 
A Ntotal g kg-1 >3,2 1,7-3,2 0,9-1,7 0,45-0,9 <0,45 
B Pav. mg kg-1 >80 25-80 8-25 2,5-8 <2,5 
C Kexc. me 100g-1 0,28-0,74 0,74-2,56 0,23-0,28 >2,56 <0,13 
D Caexc. me 100g-1 17,5-50 5,75-17,5 1,19-5,75 >50 <1,19 
E Naexc. me 100g-1 <0,20 0,21-0,30 0,31-0,70 0,71-2,00 >2,00 
F Mgexc. me 100g-1 1,33-4,00 4,00-12,5 0,42-1,33 >12,5 <0,42 

Available micronutrients 
G Mnav. mg kg-1 14-50 4-14 50-170 >170 <4 
H Znav. mg kg-1 0,7-2,4 2,4-8,0 0,2-0,7 >8,0 <0,2 
I Feav. mg kg-1 2,0-4,5 1,0-2,0 0,2-1,0 >4,5 <0,2 
J Cuav. mg kg-1 >0,2    <0,2 

Soil physico-chemical properties 
K CaCO3 g kg-1 50-150 10-50 150-250 >250 <10 
L EC dSm-1 <2 2-4 4-6 6-8 >8 
M pH 1:1, w/v 6,5-7,5 7,5-8,5 5,5-6,5 4,5-5,5 >8,5 and <4,5 
N SOM g kg-1 >30 20-30 10-20 5-10 <5 
O Texture  CL, SCL, SiCL vfSL, L, SiL, Si, 

<50%C 
>50%C, SC, 

SiC 
SL, fSL S, LS 

N total : Total nitrogen; Pav.. : Available phosphorus; Kexc. : Exchangeable potassium; Caexc. : Exchangeable calcium; Mgexc. : Exchangeable 
magnesium; Mnav. : Available manganese; Znav. : Available zinc; Feav. : Available iron; Cuav. : Available copper; EC: Electrical conductivity, 
SOM: Soil organic matter, CL: Clay Loam; SCL: Sandy Clay Loam; vfSL: very fine Sandy Loam; L: Loam; C: Clay, SL: Sandy Loam, fSL: fine 
Sandy Loam; S: Sand, LS: Loamy Sand, SiCL Silty Clay Loam; SiL; Silty Loam, Si: Silty, SC: Sandy Clay, SiC: Silty Clay 

SFI is calculated and using the value of factor rating for each factor as follows (Equation 1); 

SFI= Soil Fertility Index 
 

 
(1) 

 

 

A, B... Rating value for each diagnostic factors 
SFI of each soil sample point can be classified according to classes indicated in Table 2. 
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Table 2. Classes and values of soil fertility index. 

Class Description Soil Fertility Index 
S1 Good fertility >80 
S2 Moderate fertility 80-50 
S3 Marginal fertility 50-20 
N Poor fertility <20 

Results and Discussion   

The physicochemical properties, nutrient contents, and productivity classes of soils collected from rice 
cultivation areas in Azerbaijan are presented in Tables 3, 4, 5, and 6. According to the obtained results, soil 
texture exhibits a wide variability ranging from Sandy Clay Loam (SaCL) texture to heavy clay (C) texture, 
although soil texture is generally clayey. The soil texture plays a crucial role in influencing the movement and 
availability of air and water in soil, root growth, water and nutrient uptake, and overall plant growth. Typically, 
Azerbaijan paddy soils are characterized by a high clay content, which is the predominant component of 
mineral soil due to its exceptionally high specific surface area. This property allows clayey soils to effectively 
retain nutrients and water (Hamoud et al., 2019). It can be asserted that a significant majority (>88%) of rice-
cultivated areas in Azerbaijan have suitable soil texture and clay content.  

Table 3. The coordinates where soil samples were taken and the particle size distribution and bulk density status of the 
soil 

Lab 
No 

Sampling points Coordinates 
Partical size distribution 

Sand, % Silt, % Clay, % Class 
1  

Lenkeran-Astara 
economic region 

38.6322740 N 48.8646310 E 50,69 15,91 33,41 SaCL 
2 38.4605490 N 48.8385470 E 12,94 36,55 50,51 C 
3 38.6339410 N 48.8409200 E 10,51 29,66 59,83 C 
4 38.9879560 N 48.7193950 E 18,23 37,16 44,61 C 
5 38.6318770 N 48.8654710 E 45,83 15,25 38,91 SaC 
6 38.6328720 N 48.8646280 E 4,86 34,20 60,94 C 
7  

Central Aran 
economic region 

40.2591950 N 47.6314250 E 7,66 42,50 49,84 SiC 
8 40.2559770 N 47.6289990 E 11,55 78,58 9,87 SiL 
9 40.5438710 N 47.2880790 E 6,76 7,69 85,55 C 
10 40.5664400 N 47.3426590 E 8,43 31,40 60,17 C 
11 40.2532890 N 47.5357300 E 17,28 37,33 45,38 C 
12 40.5070390 N 47.6789500 E 4,83 15,00 80,17 C 
13 40.4983230 N 47.6842900 E 7,54 30,53 61,93 C 
14  

Shirvan-Salyan 
economic region 

39.9033420 N 40.0782160 E 2,68 40,68 56,64 SiC 
15 39.8355970 N 49.0250100 E 13,37 20,82 65,81 C 
16 39.9027510 N 49.0793570 E 4,90 16,02 79,07 C 
17 39.9016200 N 49.0666840 E 4,04 29,15 66,81 C 

Min. 2,68 7,69 9,87  
Max. 50,69 78,58 85,55  

Mean 13,65 30,50 55,85  

Approximately 82% of rice soils in Azerbaijan exhibit an alkaline reaction (pH > 7.3). The elevated pH levels 
in the soils may stem from high lime or sodium content. When evaluated based on lime content (Table 4), the 
soils are generally classified as calcareous (5-15%) and highly calcareous (>15%). Furthermore, about 94% 
of the soils have a high exchangeable sodium content (>0.7 me Na 100g-1), indicating sodicity in approximately 
35% of these soils based on the Exchangeable Sodium Percentage (ESP) value (>10%), and a risk of sodicity 
(5-10%) in 14% of the soils (Table 5). Both the high soil pH and elevated sodium content are unsuitable for 
rice cultivation. The optimal pH level for rice cultivation is around 6 (Abdul Halim et al., 2018). Therefore, 
corrective measures are essential, such as applying soil acidifying materials (e.g., powdered or liquid sulfur 
compounds) in soils without sodium-related issues to lower soil pH. For soils with high ESP, remediation 
methods involving the removal of sodium from the soil, such as applying gypsum (CaSO4) to the soil and 
leaching sodium from the soil, are necessary. The electrical conductivity (salinity) of the soils exhibits a wide 
range, ranging from 0.40 to 14.41 dSm-1, with some rice fields indicating a significant salinity issue. In 70% of 
the sampled points, the salinity level is deemed unsuitable for rice cultivation. Moreover, approximately 70% 
of the sampled areas exhibit a severe salinity problem (>4 dSm-1). For rice cultivation, electrical conductivity 
values below 0.90 dSm-1 are recommended (USDA, 2001), highlighting the unsuitability of the soil in the 
sampled locations for rice crops. In fields with salinity issues, after the implementation of drainage systems, it 
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is crucial to leach the soil to remove excess salts. In 65% of the collected soil samples, the organic matter 
content is low (<1.70%), 24% exhibit a moderate level (1.70% – 3.00%), and 12% are considered sufficient 
(>3%). In fields with insufficient organic matter, enhancing soil organic matter content to the 3% level, using 
composts with low salt content derived from plant and animal sources, becomes crucial for the sustainable 
utilization of the soils. 

Table 4. The chemical properties of the soils along with the total nitrogen (N) and available phosphorus (P) content 

No pH EC, dSm-1 CaCO3, % Organic matter, % Total N, % Available P, mg kg-1 
1 7,70 0,51 12,93 1,61 0,18 24,26 
2 7,09 2,15 5,44 3,17 0,29 31,92 
3 6,63 0,59 6,37 3,13 0,29 15,24 
4 7,96 13,07 4,93 1,87 0,24 16,72 
5 7,64 0,62 9,90 1,15 0,16 25,28 
6 5,72 0,79 5,13 1,40 0,22 12,43 
7 8,04 14,41 17,12 1,37 0,11 2,47 
8 8,17 7,62 15,06 0,88 0,09 3,38 
9 7,86 4,77 6,69 2,47 0,23 4,97 
10 7,92 2,97 15,93 1,81 0,20 2,72 
11 7,70 2,13 15,94 1,24 0,16 10,43 
12 7,78 0,40 17,11 1,86 0,24 5,64 
13 7,82 1,55 17,33 1,21 0,20 24,56 
14 7,77 12,24 17,60 0,97 0,10 1,41 
15 7,89 1,80 18,22 1,38 0,16 6,44 
16 7,95 13,40 17,34 0,98 0,10 4,37 
17 7,97 5,19 19,18 1,66 0,19 33,11 
Min. 5,72 0,40 4,93 0,88 0,09 1,41 
Max. 8,17 14,41 19,18 3,17 0,29 33,11 
Mean 7,62 4,95 13,07 1,66 0,18 13,26 

 

Table 5. The contents of exchangeable cations (Na, K, Ca, and Mg) in the soils 

No 
Na,  

me 100g-1 
K,  

me 100g-1 
Ca,  

me 100g-1 
Mg,  

me 100g-1 
ESP, % Ca/Mg Ca/K Mg/K 

1 0,51 0,27 26,74 5,49 1,54 4,87 99,72 20,49 
2 4,03 0,18 35,03 10,29 8,13 3,40 195,64 57,47 
3 0,76 0,36 29,92 17,86 1,55 1,68 83,47 49,82 
4 1,71 0,44 19,58 6,37 6,08 3,08 44,50 14,47 
5 0,52 0,30 26,93 7,61 1,47 3,54 88,52 25,02 
6 0,74 0,55 21,35 13,39 2,05 1,59 38,64 24,24 
7 32,89 0,50 29,89 13,58 42,80 2,20 59,57 27,06 
8 13,16 0,45 56,77 17,22 15,03 3,30 125,71 38,13 
9 7,83 1,08 34,38 20,89 12,20 1,65 31,84 19,34 
10 2,87 0,84 37,83 16,30 4,96 2,32 45,04 19,42 
11 1,30 1,07 25,98 11,06 3,31 2,35 24,29 10,34 
12 0,73 0,58 20,39 8,97 2,39 2,27 35,23 15,49 
13 2,06 0,66 19,71 9,00 6,56 2,19 29,68 13,56 
14 23,71 0,94 42,69 11,49 30,08 3,71 45,37 12,21 
15 2,78 1,02 22,48 15,11 6,72 1,49 22,05 14,83 
16 26,10 1,23 29,80 13,77 36,81 2,16 24,14 11,15 
17 10,11 1,54 24,27 11,56 21,29 2,10 15,74 7,50 
Min. 0,51 0,18 19,58 5,49 1,47 1,49 15,74 7,50 
Max. 32,89 1,54 56,77 20,89 42,80 4,87 195,64 57,47 
Mean 7,75 0,71 29,63 12,35 11,94 2,58 59,36 22,38 

 

Approximately 24% of the soils have low total nitrogen content (<0.150%), 64% exhibit a moderate level 
(0.150%–0.250%), and 12% are determined to have a high level (>0.250%). For phosphorus availability, 59% 
of the soil samples have low levels (<13 mg kg-1), 29% are at a moderate range (13–30 mg kg-1), and 12% are 
considered sufficient (>30 mg kg-1). In all soils, exchangeable calcium (Ca) and magnesium (Mg) contents are 
determined to be high (>10 me Ca 100g-1, >3 me Mg 100 g-1). Furthermore, 94% of the soils have high 
exchangeable sodium (Na) content (>0.7 me Na 100g-1), 41% have high exchangeable potassium (K) content 
(>0.7 me K 100 g-1), and 42% exhibit a moderate level (0.3–0.7 me 100 g-1) of exchangeable K (Table 5). The 
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relationships between basic cations (Ca, Mg, and K) in the soil are crucial for plant nutrition and fertilization. 
For optimal plant nutrition, the recommended Ca/K ratio is 12, Ca/Mg ratio is 6, and Mg/K ratio is 2. However, 
in all sampled soils, the Ca/Mg ratio is <6, Ca/K ratio is >12, and Mg/K ratio is >2 (Hazelton and Murphy, 
2007). This indicates that, even in the presence of sufficient available potassium in the soil, plants would 
respond positively to potassium, emphasizing the necessity for potassium fertilization in rice-cultivated soils 
in Azerbaijan. Therefore, in all rice cultivation areas in Azerbaijan, it is imperative to apply potassium to the 
soil before seed or seedling planting. 

Table 6. The available microelement content (Fe, Cu, Zn, and Mn) of the soils along with fertility classes 

No Fe, mg kg-1 Cu, mg kg-1 Zn, mg kg-1 Mn, mg kg-1 SFI Fertility class 
1 65,50 7,54 0,58 23,01 206,08 S1 
2 52,75 13,23 0,30 73,78 52,35 S2 
3 61,85 14,96 1,42 67,70 93,34 S1 
4 51,68 9,00 1,38 47,72 57,32 S2 
5 58,62 8,07 0,72 20,63 367,67 S1 
6 218,82 21,14 1,34 116,85 62,67 S2 
7 3,16 1,84 0,30 2,40 1,50 N 
8 6,21 1,80 0,31 3,76 0,23 N 
9 35,71 7,74 0,43 7,34 21,48 S3 
10 25,80 6,82 0,32 15,03 11,47 N 
11 23,47 5,45 0,28 6,24 71,74 S2 
12 53,49 12,65 1,11 9,58 62,74 S2 
13 48,58 10,52 0,54 10,52 43,89 S3 
14 9,27 0,85 0,17 1,29 0,73 N 
15 43,21 7,25 0,31 3,89 4,05 N 
16 18,47 3,61 0,22 9,20 2,14 N 
17 72,54 8,80 3,73 20,58 57,32 S2 

Min. 3,16 0,85 0,17 1,29   
Max. 218,82 21,14 3,73 116,85   

Mean 49,95 8,31 0,79 25,85   
 

In all collected soil samples, the copper (Cu) and iron (Fe) contents are above the critical deficiency threshold 
(0.2 mg Cu kg-1; 2.5 mg Fe kg-1). This suggests that there would unlikely be a deficiency of Cu and Fe in rice 
cultivation. However, 52% of the soils exhibit manganese (Mn) levels below the critical threshold (14 mg Mn 
kg-1), and 65% have zinc (Zn) levels below the critical threshold (0.7 mg Zn kg-1) (Lindsay and Norvell, 1978). 
This indicates a potential risk of Zn and Mn deficiency in rice cultivation areas in Azerbaijan. Therefore, in the 
case of deficiencies, foliar application of these micronutrients might be necessary. 
Furthermore, the productivity classes of the collected soils have been calculated and are presented in Table 6. 
Accordingly, 18% are classified as S1 (Good fertility), 35% as S2 (Moderate fertility), 12% as S3 (Marginal 
fertility), and 35% as N (Poor fertility). This indicates a significant overall low fertility capacity in rice-
cultivated areas in Azerbaijan, primarily attributed to two factors. Firstly, in areas with salinity, the removal 
of salt by leaching, application of gypsum to soils in areas with barrenness to remove sodium, and in areas 
with low organic matter, increasing soil organic matter levels with low-salt plant-based composts are 
necessary. Secondly, proper fertilization from both soil and foliar sources is crucial. In rice cultivation, before 
sowing with seeds or seedlings, the application of potassium fertilizers is essential based on soil analysis 
results (Hossain et al., 2023; İslamzade et al., 2023), in addition to nitrogen (N) and phosphorus (P). Given the 
alkaline reaction of the regional soils, chemical fertilizers used must have a physiological acid reaction. 
Moreover, there is a dramatic Ca/K imbalance in the regional soils, and providing the required potassium from 
the soil through fertilization will not be feasible. Therefore, during the tillering period of the rice plant, 
balanced NPK + micronutrients (e.g., 17-17-17+me), and during the heading period, potassium-rich NPK+ 
micronutrients (e.g., 9-9-25+me) with zinc application should be carried out through foliar spraying. Thus, it 
is indisputable that proper soil reclamation and correct fertilization of rice fields will lead to increased crop 
yields. 

Conclusion 
In conclusion, this study comprehensively examined the physical and chemical properties of soil samples from 
rice cultivation areas in Azerbaijan, aiming to assess nutrient content, soil characteristics, and potential 
limitations on productivity and plant nutrition in rice farming. The results revealed a diverse range of soil 
properties, including variations in soil texture, pH levels, salinity, and nutrient content. The identified 
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challenges, such as alkaline soil pH and high salinity, pose significant obstacles to rice cultivation. 
Recommendations for corrective measures, including the application of soil acidifying materials and the 
implementation of remediation methods for sodicity and salinity, were discussed. Moreover, the study 
highlighted the importance of proper fertilization, emphasizing the need for potassium application in rice-
cultivated soils. Notably, micronutrient deficiencies, particularly in zinc and manganese, were identified, 
suggesting the potential necessity for foliar applications to address these deficiencies. The findings underscore 
the complexity of soil fertility in Azerbaijan's rice fields, calling for tailored strategies to enhance local 
practices and contribute valuable insights for sustainable rice farming globally. In summary, addressing the 
identified soil challenges and implementing appropriate corrective measures, along with precise fertilization 
strategies, will undoubtedly play a pivotal role in enhancing the fertility and productivity of rice-cultivated 
areas in Azerbaijan, ultimately contributing to the global pursuit of sustainable rice farming. 
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 Abstract 
Article Info Phosphorus (P) use efficiency is crucial for sustainable wheat production, particularly 

on alkaline calcareous soils. This study investigates the relative importance of two 
factors; P acquisition efficiency (PAE) and P utilization efficiency (PUtE), in 
determining P use efficiency (PUE) in wheat. A field trial with ten wheat genotypes was 
conducted under two P levels (no P application and P application at 110 kg P2O5 ha−1). 
Results revealed significant genetic variability in PUE, PAE, and PUtE among wheat 
genotypes under varying P availabilities. Genotypes MK-4 and MK-8 exhibited superior 
PUE, making them ideal candidates for soils with differing P levels. PAE played a more 
substantial role in influencing PUE, with PUtE contributing less to the variability. The 
findings underscore the importance of improving PAE, particularly for wheat 
genotypes grown in P-deficient conditions. Moreover, selecting genotypes with lower 
grain P concentration can enhance PUtE, contributing to improved PUE. These insights 
can improve breeding efforts and crop management practices to enhance P use 
efficiency in wheat, ultimately reducing production costs and fertilizer demand, 
especially in P-limited alkaline calcareous soils. 
Keywords: Alkaline-calcareous soil, P acquisition efficiency, P utilization efficiency, P 
use efficiency, wheat genotypes. 
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Introduction 
About 30% of the world’s cultivated soils are inherently deficient in phosphorus (P) nutrient, therefore, crop 
production can be sustained only by the regular application of inorganic P fertilizers on these soils (Kochian, 
2012). The phosphatic fertilizers are primarily derived from extracted rock phosphate, a finite resource which 
is anticipated to exhaust by the end of this century (Cordell et al., 2009). Moreover, crops can uptake only 15-
20% of the fertilizer P during the year of its application. The remaining P forms insoluble complexes with 
sesquioxides in acidic soils and with calcium carbonate in alkaline soils and becomes unavailable for plant 
uptake (Baker et al., 2015). Hence, more attentions are being directed to the efficient utilization of P resources 
(Cordell et al., 2009). 
Crop productivity on P-limited soils can be significantly impacted by breeding for P use efficiency (PUE) and 
providing farmers with improved crop cultivars, in addition to crop management techniques (Thornton et al., 
2014). Analogous to nitrogen use efficiency defined by Moll et al. (1982), PUE can be calculated as grain yield 
per unit of P supply from soil plus fertilizer, and incorporates both P acquisition efficiency (PAE) and P 
utilization efficiency (PUtE). Plants can compensate for P deficiency in two ways: either by increasing their P 
intake from phosphorus-deficient media (PAE) and/or by effectively using the P they already have internally 
(PUtE) (Karthikeyan et al., 2014). Various morphological, physiological and biochemical traits underlying 
efficient P acquisition include the modifications in root structure and architecture (Niu et al., 2013), the release 
of organic acids and phosphatases into the rhizosphere (White et al., 2013) and the overexpression of high-
affinity root P transporters (Amtmann and Armengaud, 2009). Higher P utilization is facilitated by effective 
recycling and reuse of the acquired P (Marschner, 2012), induction of Pi independent metabolic pathways 
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(Sulpice et al., 2014), and increased synthesis of P-free cellular macromolecules (Byrne et al., 2011; Lambers 
et al., 2012). 

In Pakistan, the situation is more critical as more than 90% of cultivated soils are P deficient (Memon, 2005). 
Furthermore, the fertilizer industry in Pakistan is totally dependent on the imports of mined rock phosphate, 
the raw material for P fertilizers. Therefore, crop production in Pakistan is highly vulnerable to price 
fluctuation and supply disruption of rock phosphate. In Pakistan, wheat is grown on an area of more than 9.0 
million hectares as a staple food grain (Government of Pakistan, 2022), and consumes 2.27 million tons, almost 
50% of the annual fertilizer nutrients (4.55 million tons) used by the crops in the country (NFDC, 2019-20). 
Enhancing P use efficiency in wheat crop alone can significantly lower production costs and future fertilizer 
requirements. There have been documented genetic differences in wheat for P usage efficiency in the 
literature (Yaseen and Malhi, 2009a; Abbas et al., 2018a; Irfan et al., 2018). However, there is a dearth of 
information about the relative significance of PAE and PUtE for wheat P usage efficiency especially in alkaline 
calcareous soils. According to Wang et al. (2010), when the P supply is enough, PUtE is more significant than 
PAE. However, under limited P conditions, PAE becomes exceedingly important. Genetic variations in PAE 
were mainly responsible for the higher P efficiency in low P acidic soil-grown soybean and common bean 
(Beebe et al., 2006), maize (Bayuelo-Jiménez and Ochoa-Cadavid, 2014), rice (Panigrahy et al., 2009), and 
potato (Sandaña, 2016). Sandaña and Pinochet (2014) evaluated wheat and pea genotypes in high P fixing 
acidic soils and ascribed differences in PUE to contrasting PUtE in these crops. According to Manske et al. 
(2001), P uptake under P-deficient conditions in both acidic and calcareous soil accounted for 71–100% of the 
variation in wheat grain production, whereas P utilization efficiency in the calcareous soil was more important 
for grain yield under high P conditions. Conversely, Yang et al. (2022) observed that the genetic variation in 
PUE of wheat genotypes was primarily explained by PUtE under both high and low P circumstances in a purple 
lithomorphic soil. These several studies have demonstrated that crop species, environmental factors, and soil 
P condition can all affect the relative significance of PAE and PUtE. The goal of the current study was to 
evaluate the differences in PUE amongst wheat genotypes as well as the relative contributions of PAE and 
PUtE to PUE in the case of both high and low P availability in Pakistan's alkaline calcareous soils. We 
hypothesized that i) there exists large genetic variations in PAE and PUtE of wheat genotypes, and ii) PAE will 
be more crucial than PUtE in high P fixing alkaline-calcareous soils. The outcomes of this study will help 
identify ideal P efficient genotypes for low P input farming systems of Pakistan, and expedite future efforts in 
wheat breeding and P management. 

Material and Methods 
Description of experimental site, design and treatments 
In Rabi 2017-18, a field trial was carried out at the experimental farm of the Nuclear Institute of Agriculture 
(NIA), Tandojam. Before the start of the experiment, soil was sampled from 20 cm depth and analyzed for 
various physical and chemical properties. The soil was non-saline (ECe= 2.1 dS m−1) and alkaline in reaction 
(pHe= 8.2) with a clay loam textural class (21.7% sand, 42.2% silt and 36.1% clay). It had 0.69% organic 
matter, 0.073% Kjeldahl nitrogen and 187 mg kg−1 ammonium acetate (NH4OAc) extractable potassium. The 
value of P availability index as determined by Olsen (1954) was 8.2 mg kg−1. Split-plot design was used in the 
experiment, with genotypes assigned to subplots and P levels given to main plots. The treatments were 
factorial combinations of two P levels [zero/no P application (low P) and P application @110 kg P2O5 ha−1 

(high P)] and 10 wheat genotypes/varieties (MK-1, MK-2, MK-3, MK-4, MK-5, MK-6, MK-7, MK-8, MK-9 and 
NIA-Sunder). The seed material of genotypes was collected from Plant Breeding and Genetics Division of NIA, 
Tandojam. Genotypes MK-1 to MK-9 are the advanced wheat lines/future candidate varieties, while NIA-
Sundar is released wheat variety and has demonstrated high P efficiency in previous studies (Abbas et al., 
2018a,b). There were three replications of each treatment. In low P treatment, P supply was calculated as 
initial Olsen’s P (8.2 mg kg−1) in the upper 20 cm soil layer with soil bulk density of 1.42 g cm−3 at planting, 
while in high P treatment, the projected P supply was the total of Olsen's P and added P (110 kg P2O5 ha−1 or 
48 kg P ha−1) (Valle et al., 2011). 
Crop culture 

The crop was sown on November 15, 2017. Seeds were sown with the help of dibbler with one seed per hole, 
maintaining 3 inches plant to plant and 12 inches row to row distance. Five rows (3 m long) of each genotype 
were sown in each subplot. The main plots received 150 kg nitrogen (N) and 60 kg potash (K2O) per hectare. 
These nutrients plus 110 kg P2O5 ha−1 in high P treatment were incorporated into 20 cm soil with the help of 
cultivator prior to sowing. The fertilizer sources for N, K and P were urea, sulfate of potash (SOP, 50% K2O) 
and triple superphosphate (TSP, 46% P2O5). The plots were irrigated with canal water as and when required. 
The crop was maintained free from weeds and other biotic stresses.  
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Crop measurements: yield attributes, P analysis and efficiency indices 

At crop maturity, five plants of each genotype from each subplot were selected randomly and their plant height 
was measured with the help of meter rod from the stem base to the top of spike (awns excluded) of the tallest 
culm and averaged. The number of tillers of the selected plants was counted and spikes form the main tillers 
were cut with scissor to measure their lengths from first node of rachis to the top of spike excluding awns (Liu 
et al., 2022). Each spike was threshed with hand to count number of grains per spike. The grains obtained 
from these spikes were pooled with the rest of produce from the respective experimental unit to obtain the 
grain yield. To separate the grains and straw, the crop was harvested by hand and threshed. 100-grain weight 
of randomly sampled hundred kernels was recorded with the help of top-loading digital balance. Grain and 
straw samples of each genotype from each subplot were oven-dried at 70 oC for 72 hours. After the dry grain 
and straw samples were finely ground, 0.5 g of the material was digested in 10 mL di-acid mixture of nitric 
and perchloric acid (Miller, 1998). The phosphorus contents of the digest were measured by 
spectrophotometer using the method of Chapman and Pratt (1961). By multiplying the dry matter yield by the 
P concentration, P uptake in grain or straw was determined. P uptake in grain and straw was added together 
to get the total P uptake. The relative tolerance to P deficiency stress known as the phosphorus stress factor 
(PSF) was determined by dividing the difference in grain yield at two P levels by the grain yield attained at 
high P level. Other P efficiency indices e.g. P harvest index (PHI), quotient of P utilization (QPUt), P utilization 
efficiency (PUtE), P acquisition efficiency (PAE) and P use efficiency (PUE) were calculated by the following 
formulas of Gill et al. (2004) and Parentoni and Souza Júnior (2008): 

PSF (%) =
Grain yield at high P (kg ha−1) −  Grain yield at low P (kg ha−1)

Grain yield at high P (kg ha−1)
 x 100 

PHI (kg kg−1) =
P uptake in grain (kg ha−1)

Total P uptake (kg ha−1)
 

QPUt (kg kg−1) =
Grain yield (kg ha−1)

P uptake in grain (kg ha−1)
 

PUtE (kg kg−1)  =  
Grain yield (kg ha−1)

Total P uptake (kg ha−1)
 

PAE (kg kg−1)  =
Total P uptake (kg ha−1)

P  supply  (kg ha−1)
 

PUE (kg kg−1) = PUtE × PAE 

According to Moll et al. (1982), the relative significance of PAE and PUtE in the P usage efficiency was 
investigated. This methodology determines the relative contribution of two experimentally obtained variables 
(e.g. PAE and PUtE) to a third variable (e.g. PUE), which is derived by multiplying PAE and PUtE. An additive 
relationship [log PUE (Y) = log PAE (X1) + log PUtE (X2)] was created by applying a logarithmic modification 
to the multiplicative relationship (PUE = PAE × PUtE). The relative importance of PAE over PUE was a function 
of the product of two quantities: a) the coefficient of correlation between variable (X1) and (Y) or rX1Y, and b) 
the ratio of the standard deviation of X1 and Y (SX1/SY). Similarly, the relative contribution to the P utilization 
efficiency (PUtE) of the P harvest index (PHI) and the quotient of P utilization (QPUt) was found. 

Statistical analysis 

Analysis of variance (ANOVA) was used to analyze the data regarding different growth, yield, and P-related 
characteristics for the split-plot design. Tukey's honestly significant difference (HSD) approach was used to 
separate the treatment means at the 5% probability level (Gomez and Gomez, 1984). 

Results  

Growth and yield related attributes 

Wheat genotypes (G) differed significantly (P < 0.05) for plant height, tiller count plant–1, spike length, number 
of grains spike–1and 100-grain weight at each phosphorus (P) level (Table 1). However, P levels and P × G 
interactions could not produce significant effect on the above mentioned attributes except no. of grains spike–

1. Mean plant height varied between 86.78 (MK-5) to 105.89 cm (MK-2) at deficient P and between 88.89 (MK-
6) to 105.3 cm (MK-7) at adequate soil P level (Table 2). Across the two P levels, MK-2 exhibited the highest 
while MK-5 revealed the lowest plant height. Tiller count plant–1 increased from 7.72 at deficient P to 8.23 at 
high P, although non-significantly. However, genotypes produced significant variations for tiller count, with 
MK-5 and MK-3 producing maximum and minimum tillers per plant, respectively across both P levels (Table 
2). Likewise, spike length increased from 12.81 cm at deficient P to 13.0 cm at high P supply. The longer spikes 
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were produced by MK-3 at both P levels while MK-6 produced shorter spikes (Table 2). Increasing P level from 
deficient to sufficient range resulted in higher number of grains per spike (from 68.17 to 73.03). Averaged 
across two P levels, genotypes MK-3 and MK-7 produced the highest number of grains per spike while MK-1 
exhibited the lowest value. Phosphorus application could not significantly (P > 0.05) increase the 100-grain 
weight of wheat genotypes. Genotype MK-3 and MK-8 exhibited the lowest and the highest 100-grain weight, 
respectively, at both P levels (Table 2).  

Table 1. Means and mean squares of phosphorus level (P), genotype (G) and P × G interaction for various traits of wheat 
genotypes at low (0 kg P2O5 ha−1) and high P (110 kg P2O5 ha−1) level. 

Traits 
Low P High P Mean square 
Mean Mean P (df:1) G (df:9) P×G (df:9) 

Plant height (cm) 95.99 96.88 11.97 ns 203.39***    5.03 ns 
No. of tillers plant−1 7.72 8.33 5.61 ns 9.19*** 0.551 ns 
Spike length (cm) 12.81 13.13 1.56 ns 6.89***    0.12 ns 
No. of grains spike−1 68.17 74.03 516.27***    251.71***     15.64 ns 
100-grain weight (g) 4.22 4.26 0.03 ns 0.66*** 0.01 ns 
Grain yield (t ha−1) 4.55 4.83 1.17*** 1.92*** 0.14*** 
Straw yield (t ha−1) 7.99 8.33 1.71 ns 7.62*** 1.38*** 
Total yield (grain + straw) (t ha−1) 12.55 13.16 5.56 ns 14.52*** 1.76*** 
Grain P concentration (mg g−1) 3.05 2.99 0.04 ns 0.35***    0.03 ns 
Straw P concentration (mg g−1) 0.56 0.63 0.06 ns 0.07***    0.01 ns 
Grain P uptake (kg ha−1) 13.79 14.41 5.61 ns 14.42***    1.88*** 
Straw P uptake (kg ha−1) 4.52 5.15 5.86***    5.39***      0.97***       
Total P uptake (kg ha−1) 18.32 19.56 22.85 ns 24.13***    4.00***     
P stress factor (%) 5.64 - - 86.99***           - 
P harvest index  (kg kg−1) 0.76 0.74 0.01 ns 0.01***    0.001 ns 
Quotient of P utilization (kg kg−1) 331.64 336.54 360.44 ns 3991.41***    282.05 ns 
P utilization efficiency (kg kg−1) 250.54 247.12 176 ns 1996***    427***     
P acquisition efficiency (kg kg−1) 0.79 0.27 3.93***    0.02***     0.01***      
P use efficiency (kg kg−1) 195.61 67.81 244865*** 1521*** 440 ns 
* = Significant  at  P <  0.05, ** = Significant  at  P <  0.01, *** = Significant  at  P <  0.001, ns = non-significant at P >  0.05 

 

Table 2. Performance of wheat genotypes for plant height, tiller count plant−1, spike length, no. of grains spike−1 and 100-
grain weight at low (0 kg P2O5 ha−1) and high P (110 kg P2O5 ha−1) level. 

Grain, straw and total yield 

The main and interaction effects of P and G had a significant (P < 0.05) impact on the grain yield of wheat 
genotypes (Table 1). Grain yield increased, on average, from 4.55 t ha–1 with deficient P to 4.83 t ha–1 (6 % 
increase) at adequate P supply across all genotypes. The genotype MK-4 and MK-8 produced the highest grain 
yield while MK-3 and MK-7 produced the lowest grain yield at both P levels. Phosphorus levels could not 
significantly (P < 0.05) influence straw and total yield of wheat genotypes; however, genotypic response for 
straw yield was variable at each P level. Across the two P levels, MK-4 showed the highest straw as well as 
total yield while MK-3 exhibited the lowest straw and total yield (Table 3).  

  
Genotypes 

Plant height 
(cm) 

Tillers count 
plant−1 

Spike length  
(cm) 

No. of grains 
spike−1 

100-grain weight 
(g) 

Low P High P Low P High P Low P High P Low P High P Low P High P 
MK-1 96.28 96.44 7.44 8.22 13.28 13.50 64.33 74.33 4.34 4.37 
MK-2 105.89 104.33 6.78 7.33 13.17 13.33 65.33 72.33 4.48 4.33 
MK-3 88.78 88.89 6.22 6.56 11.00 11.17 63.67 65.33 3.69 3.71 
MK-4 97.78 98.11 9.78 11.56 14.22 14.78 79.00 89.67 4.49 4.57 
MK-5 86.78 90.00 8.22 8.00 12.83 13.06 65.00 70.67 4.07 4.19 
MK-6 89.44 89.67 7.56 7.67 11.89 12.94 66.00 69.00 3.96 4.02 
MK-7 100.50 105.33 7.11 7.33 11.22 11.50 60.67 67.33 3.85 3.97 
MK-8 96.44 97.22 8.89 9.33 13.78 13.89 77.67 81.33 4.81 4.78 
MK-9 99.50 99.28 6.67 8.11 13.44 13.72 68.67 77.00 4.43 4.58 
NIA-Sunder 98.50 99.56 8.56 9.22 13.28 13.44 71.33 73.33 4.08 4.12 
HSD0.05, P - - - 0.79 - 
HSD0.05, G 5.91 1.81 1.08 5.96 0.34 
HSD0.05, P × G - - - - - 
HSD0.05 = Honestly Significant Difference at 5% probability level, P = phosphorus levels, G = genotypes,  P × G = interaction between 
phosphorus levels and genotypes 
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Table 3. Performance of wheat genotypes for grain, straw and total yield, and phosphorus stress factor (PSF) at low (0 kg 
P2O5 ha−1) and high P (110 kg P2O5 ha−1) level. 

The term "phosphorus stress factor" (PSF) describes the wheat genotypes' relative tolerance to P deprivation. 
Table 3 shows that it differed considerably (P < 0.05) amongst wheat genotypes. The PSF showed a wide 
genetic variability in wheat genotypes for grain yield in response to elevated P levels, ranging from 0.06 to 
17.08 %. Because genotype MK-8's PSF value was less than one, it did not respond to a high P level. Higher 
PSF values, however, indicate that MK-3 and MK-4 are highly P responsive (Table 3). 

Phosphorus concentration and uptake 

Wheat genotypes differed significantly in P concentration present in grain and straw at each P level (Table 1). 
There was no discernible increase in P concentration in either grain or straw with a higher P level. As P 
increased, the concentration of P in the grain actually slightly reduced, demonstrating the dilution effect of 
yield increase on grain P concentration. The P concentration in grain and straw of wheat genotypes, 
respectively, ranged from 2.76 to 3.43 mg kg–1 and 0.41 to 0.72 mg kg–1, in the absence of P fertilization. 
Application of P at the rate of 110 kg P2O5 ha–1 caused variations in grain P concentration ranging from 2.80 to 
3.21 mg kg–1 and straw P concentration from 0.52 to 0.80 mg kg–1 (Table 4).  

Table 4. Phosphorus concentration and uptake in grain and straw of wheat genotypes grown at low (0 kg P2O5 ha−1) and 
high P (110 kg P2O5 ha−1) level. 

 
Genotypes 

P concentration (mg g−1) P uptake (kg ha−1) 
Grain Straw Grain Straw Total 

Low P High P Low P High P Low P High P Low P High P Low P High P 
MK-1 2.89 3.02 0.68 0.64 13.96 14.70 5.69 6.02 19.65 20.72 
MK-2 2.76 2.80 0.64 0.75 12.98 13.40 5.70 6.32 18.69 19.72 
MK-3 3.43 3.47 0.41 0.64 12.19 14.02 2.46 3.89 14.64 17.91 
MK-4 2.94 2.88 0.55 0.54 14.81 17.62 4.98 5.57 19.79 23.19 
MK-5 3.36 3.18 0.68 0.65 15.00 14.53 4.75 4.74 19.75 19.27 
MK-6 3.43 3.21 0.72 0.80 14.46 14.39 5.84 5.21 20.33 19.61 
MK-7 2.81 2.70 0.45 0.67 10.85 11.14 3.75 5.89 14.61 17.03 
MK-8 3.03 2.90 0.62 0.64 16.76 15.85 5.26 5.22 22.02 21.08 
MK-9 2.82 2.96 0.42 0.52 13.38 14.78 3.00 4.23 16.38 19.00 
NIA-Sunder 2.96 2.82 0.45 0.43 13.57 13.66 3.80 4.38 17.38 18.05 
HSD0.05, P - - - 0.03 - 
HSD0.05, G 0.59 0.31 1.69 1.13 2.29 
HSD0.05, P ×G - - 2.72 1.81 - 
HSD0.05 = Honestly Significant Difference at 5% probability level, P = phosphorus levels, G = genotypes,  P × G = interaction between 
phosphorus levels and genotypes 

Only genotypic and G × P factors significantly impacted the P absorption in grain (Table 1). On an average, P 
uptake in grain increased from 13.80 (without P) to 14.41 kg ha–1(with P addition). Among various genotypes, 
MK-8 and MK-4 were the highest accumulator of P in grain while MK-7 accumulated the least P in grain, when 
averaged across two P levels. Phosphorus uptake in straw increased significantly (14% over control/no P) 
when adequate P was added into soil. Genotypes varied  substantially  for straw P uptake, with  MK-2 and     

 
Genotypes 

Grain yield 
( t ha−1) 

Straw yield 
( t ha−1) 

Total yield 
( t ha−1) 

 
PSF (%) 

 Low P High P Low P High P Low P High P 
MK-1 4.80 4.89 8.36 9.47 13.16 14.35 1.71 
MK-2 4.69 4.79 8.92 8.30 13.61 13.09 2.02 
MK-3 3.55 4.04 5.95 6.05 9.50 10.09 13.04 
MK-4 5.05 6.10 9.00 10.28 14.05 16.38 17.08 
MK-5 4.45 4.56 6.96 7.23 11.41 11.80 2.25 
MK-6 4.20 4.47 8.10 6.55 12.30 11.03 6.07 
MK-7 3.90 4.13 8.30 8.85 12.20 12.99 5.62 
MK-8 5.48 5.48 8.49 8.19 14.00 13.68 0.06 
MK-9 4.78 5.00 7.16 8.19 11.94 13.19 4.20 
NIA-Sunder 4.64 4.86 8.66 10.13 13.33 14.99 4.34 
HSD0.05, P 0.23 - - - 
HSD0.05, G 0.39 0.82 1.37 6.18 
HSD0.05, P × G 0.63 1.31 2.19 3.68 
HSD0.05 = Honestly Significant Difference at 5% probability level, P = phosphorus levels, G = genotypes,  P × G = interaction 
between phosphorus levels and genotypes 

http://ejss.fesss.org/10.18393/ejss.1399856


M.Abbas et al. Eurasian Journal of Soil Science 2024, 13(1), 79 - 88 

 

84 

 

MK-3 accumulating the highest and the lowest P in straw, respectively. Overall, it ranged from 2.46 to 5.84 kg 
ha–1 at deficient P level and from 3.89 to 6.32 kg ha–1 under high P treatment (Table 4). The amount of total P 
uptake increased, though non-significantly, from 18.32 kg ha–1 under P deficiency to 19.56 kg ha–1 in P-treated 
soil. Overall, it ranged from 14.61 to 22.02 kg ha–1 at deficient P level and from 17.03 to 23.19 kg ha–1 under P 
adequacy (Table 4).  

Phosphorus use efficiency and its components 

The phosphorus harvest index (PHI) shows the amount of P that has accumulated in grain in relation to the 
overall amount of P at crop harvest (grain + straw). While genotypes showed significant diversity for P 
allocation to grains at both P levels, the PHI was not significantly (P < 0.05) impacted by P levels (Table 1). The 
PHI varied from 65.44 to 78.51% at high P and from 69.71 to 83.16% at low P. According to Table 5's PHI 
values, wheat genotypes assigned the majority of the P reserves to grain. 

The capacity of a crop to yield grain per unit of P collected in the above-ground portions is determined by the 
quotient of P utilization (QPUt). Table 1 shows that there was no significant (P > 0.05) impact of the P levels 
and G × P interactions on the QPUt. At both P levels, however, genotypic effects were more noticeable. QPUt 
ranged in magnitude from 289 to 372 kg kg−1 at high P treatment and from 291 to 362 kg kg−1 at low P 
treatment. MK-3 and MK-7 showed the lowest and greatest values of QPUt, respectively, when averaged over 
both P levels (Table 5).  

Table 5. Phosphorus use efficiency and its components of wheat genotypes at low (0 kg P2O5 ha−1) and high P (110 kg 
P2O5 ha−1) level. 

 
Genotypes 

P harvest index 
(kg kg−1) 

Quotient of P 
utilization (kg kg−1) 

P utilization 
efficiency (kg kg−1) 

P acquisition 
efficiency (kg kg−1) 

P use efficiency 
(kg kg−1) 

Low P High P Low P High P Low P High P Low P High P Low P High P 
MK-1 0.72 0.71 344 333 245 236 0.84 0.29 207 69 
MK-2 0.70 0.70 362 358 252 244 0.80 0.28 202 67 
MK-3 0.83 0.79 293 289 243 226 0.63 0.25 152 57 
MK-4 0.75 0.76 341 346 257 264 0.85 0.33 217 86 
MK-5 0.76 0.76 298 314 226 237 0.85 0.27 191 64 
MK-6 0.72 0.73 291 311 207 228 0.87 0.28 180 63 
MK-7 0.74 0.65 360 372 267 243 0.63 0.24 167 58 
MK-8 0.76 0.75 328 347 249 261 0.95 0.30 235 77 
MK-9 0.82 0.78 358 338 292 263 0.70 0.27 205 70 
NIA-Sunder 0.79 0.76 342 356 267 270 0.75 0.25 199 68 
HSD0.05, P - - - 0.07 2.12 
HSD0.05, G 0.08 23.75 24.82 0.07 29.87 
HSD0.05, P×G - - 39.74 0.12 - 
HSD0.05 = Honestly Significant Difference at 5% probability level, P = phosphorus levels, G = genotypes,  P × G = interaction between 
phosphorus levels and genotypes 

Phosphorus rates could not produce significant effects on P utilization efficiency (PUtE), though, genotypes 
and G × P interactions significantly (P < 0.05) influenced PUtE (Table 1). Under low P treatment, the PUtE 
ranged from 207 to 292 kg grain yield kg–1 total P uptake, whereas under high P treatment, it ranged from 226 
to 270 kg grain yield kg–1 total P uptake (Table 5). Averaging across P rates, the genotype MK-9 was highly 
efficient in P utilization, while MK-6 showed the lowest PUtE (Table 5). Phosphorus acquisition efficiency 
(PAE) and P use efficiency (PUE) were significantly (P < 0.05) affected by P rates, genotypes and G × P 
interactions (Table 1). The PAE decreased by 78% under high P treatment. It varied between 1.19 and 1.79 kg 
total P uptake kg−1 P supply under no/zero P application, and between 0.28 and 0.38 kg total P uptake kg−1 P 
supply in P treated soil (Table 5). Genotype MK-8 showed the highest PAE, while MK-7 and MK-3 showed the 
lowest PAE when evaluated across both P levels. It is interesting to note that with P deprivation, more 
variations in PUtE and PAE were seen among wheat genotypes. When P @ 110 kg P2O5 ha−1 was given to the 
soil, phosphorus use efficiency (PUE), the product of PUtE and PAE, dropped from 378 to 81 kg grain yield kg−1 
P supply (79% decrease). Table 5 shows that its ranges were 289-446 kg grain yield kg−1 P supply at low P and 
67-101 kg grain yield kg−1 P supply at high P. MK-8 and MK-4 had the highest PUE when averaging across P 
levels, while MK-3 and MK-7 had the lowest PUE. 

Table 6 displays the relative significance of the P use efficiency components: acquisition and utilization, based 
on the methodology of Moll et al. (1982). According to the data, 83.1 and 16.6% of the genotypic variability for 
PUE at low P treatment was explained by PAE and PUtE, respectively. PUtE accounts for 37.6% of the 
variability in P use efficiency seen in P fertilized soil, while PAE contributed 62.9% of this variability. The 
correlation coefficients and the ratio of the variability found between PUE and its constituents, PAE and PUtE, 
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(Table 6) provide more insight into these interactions. In P deficient circumstances, the high correlation 
between PAE and PUE (r = 0.751) and their substantial standard deviation ratio (1.107) account for 83.1% of 
the variability in PUE. Due to a lower correlation (r = 0.221) between these two variables and a smaller 
variability for PUtE (0.751), PUtE at low soil P only explained 16.6% of the variability found in PUE. Similar 
pattern was noted at the high P level. 

The PUtE of the genotypes was also decomposed into two components: quotient of P utilization (QPUt) and P 
harvest index (PHI). Wheat genotypes exhibited more variability for QPUt than PHI which was confirmed by 
the higher ratio of standard deviation of QPUt and PUtE at both low and high P environments (Table 6). The 
QPUt accounted for the largest fraction of the variability observed in the genotypes for PUtE at low P (72.5%) 
and at high P environments (111.2%), due to a higher correlation coefficient of QPUt with PUtE and also to a 
larger ratio of standard deviation between QPUt and this trait (Table 6).  

Table 6. Relative contribution of the components traits (Xi) to the variation of resultant trait (Y) according to Moll et al. 
(1982). 

 
Resultant 
trait (Y) 

 
Component 
trait (Xi) 

Low P  High P 
Contribution 

of Xi to Y 
rxiy Sxi/Sy 

Contribution  
of Xi to Y 

rxiy Sxi/Sy 

P use 
efficiency 

P utilization 
efficiency  

0.166 0.221 0.751 0.377 0.715 0.526 

P acquisition 
efficiency  

0.831 0.751 1.107 0.629 0.864 0.729 

P utilization 
efficiency 

Quotient of P 
utilization   

0.725 0.798 0.908 1.112 0.754 1.476 

P harvest 
index  

0.258 0.431 0.598 -0.130 -0.121 1.079 

rxiy is the coefficient of correlation between the components trait (Xi) and the resultant trait (Y), while Sxi/Sy is the ratio between 
standard deviation of Xi and Y. 

Discussion   

Selection of crop genotypes that adapt well to situations of contrasting P availability is an efficacious strategy 
for sustainable P use. A genotype is considered ideal if it yields higher under P deficiency and responds well 
to P application (van de Wiel et al., 2016). The primary goal of evaluating germplasm under low P conditions 
is to increase PAE, and genotypes chosen in this manner frequently have low yield potential and P fertilization 
responsiveness. High input conditions are ideal for expressing yield potential (Sandaña, 2016). Therefore, 
selection under various P supply conditions can lead to improvements in both PAE and PUtE in the given 
species. This purpose is effectively covered by the current study. 

Grain yield of wheat genotypes varied significantly at both P levels. Genotypes MK-3 and MK-4 with PSF > 10% 
were highly responsive to P fertilization (Table 3). However, grain yield of MK-8 was not affected by P 
deficiency as its phosphorus stress factor was less than 1. Such genotypes have the ability to sustain growth 
and development even in low P conditions (Abbas et al., 2018a). According to Yaseen and Malhi (2009b), 
modern wheat cultivars can yield more than their predecessors, even though P application rates are lower. As 
demonstrated by their high grain and total P uptake under low P treatment, genotypes like MK-8, which are 
less sensitive to P deprivation, translocate more P towards grain (Table 3). Our claim was reinforced by the 
notable positive correlation between grain yield and both grain P absorption (r > 0.73, P < 0.001) and total P 
uptake (r > 0.72, P < 0.001) at both P levels. 

By choosing genotypes with greater P utilization quotient (QPUt) and P harvest index (PHI), grain output can 
be increased through higher PUtE (Sandaña and Pinochet, 2014). QPUt corresponds exactly to the reciprocal 
of the grain P concentration and is equal to the grain yield divided by the quantity of P absorbed in the grain 
(grain yield multiplied by grain P concentration). The P utilization efficiency, therefore, increases with 
decreasing grain P concentration (Parentoni and Souza Júnior, 2008). Selection of wheat genotypes with low 
grain P concentration will support sustainable land usage (Korkmaz et al., 2009). In this experimentation, 
grain P concentration was negatively related with PUtE at low P (r = –0.53, P < 0.01) and high P (r = –0.45, P < 
0.05) which infers that selecting for lower grain P concentration may help in evolving cultivars with increased 
PUtE (Gemenet et al., 2015). However, there is a limit to the approach of P concentration reduction in grain. 
For nutritional purposes and seed vigor, the grain must have a minimal amount of P (White and Veneklaas, 
2012). Increased P translocation into the grains - the PHI- can increase P utilization efficiency without 
lowering grain P content. Our research findings demonstrated that wheat grain at both P levels gathered more 

http://ejss.fesss.org/10.18393/ejss.1399856


M.Abbas et al. Eurasian Journal of Soil Science 2024, 13(1), 79 - 88 

 

86 

 

than 73% of the total P (Table 4), indicating a narrow space for breeding for greater PHI. If P absorption 
efficiency is not increased, selecting for high grain production under these conditions will further lower grain 
P concentration due to the dilution effect (Rose et al., 2011).  Because variations in the P harvest index appear 
to have little bearing on the PUtE of the wheat genotypes under varying P conditions, selection strategies 
aimed at increasing wheat P utilization efficiency in alkaline calcareous soils should concentrate on lowering 
grain P concentration (Yaseen and Malhi, 2009a). 

Important genetic variability in PAE was observed in the present study (Table 5). The PAE had strong positive 
relationship with total P uptake (r > 0.90, P < 0.001), and the total P uptake was related to grain (r > 0.72, P < 
0.001) and total yield (r > 0.50, P < 0.05) at both P levels.  Thus, PAE can be improved by selecting genotypes 
with higher grain and/or total yield (Yaseen and Malhi, 2009b). Differential P uptake by wheat genotypes 
having comparable yield indicates important genotypic differences in PAE (Table 4). Wheat genotypes with 
greater PAE (e.g. MK-8) under both P conditions require lower soil P threshold values for fertilizer response 
than genotypes with low PAE (MK-3 and MK-7) (Irfan et al., 2018). In low input cropping systems, cultivating 
genotypes with high PAE would significantly boost productivity. Conversely, in high input systems, these 
genotypes would lessen the wasteful use of P fertilizers and environmental issues related to P losses to water 
bodies (Manschadi et al., 2014; Ruark et al., 2014). The improved P acquisition by crop can be attributed to 
several mechanisms, i.e. root structural and architectural modifications (Niu et al., 2013), up-regulation of 
high-affinity root P transporters (Amtmann and Armengaud, 2009), mycorrhizal associations (Smith and 
Read, 2010), and enhanced carboxylate exudations into rhizosphere (White et al., 2013). Root characteristics 
were not examined in this investigation. Thus, more research on PAE and associated root properties can help 
choose cultivars with better qualities related to uptake of P. 

Our research shows that when it comes to determining grain yield and PUE in wheat genotypes, PAE is more 
important than PUtE. According to our findings, PAE had a two-fold greater significance at high P conditions 
and an approximately five-fold greater significance at low P conditions in explaining the genetic variability for 
PUE (Table 6). Our results were consistent with those of Manske et al. (2001), who found that P acquisition in 
low and high P acidic soil accounted for > 85% of the variability in wheat PUE. The findings of Parentoni and 
Souza Júnior (2008) also substantiate our results. Contrarily, McDonald et al. (2015) reported higher 
contribution of P utilisation to the genetic variability in grain yield of wheat genotypes grown under diverse 
soil and environmental conditions. These contrasting results indicate the influence of soil type, P status and 
environmental conditions (Parentoni and Souza Júnior, 2008; Wang et al., 2010). Therefore, mechanisms 
associated to P acquisition efficiency rather than P internal utilization should receive more focus in 
physiological research on P use efficiency of the test genotypes in our study (Rose and Wissuwa, 2012). Future 
breeding initiatives should prioritize root structural and architectural traits due to the paramount significance 
of P acquisition in high P-fixing alkaline calcareous soil conditions. The data reported in this study show that 
there exist sufficient variations among wheat genotypes for PUE which can be exploited for wheat 
improvement.  Moreover, it was revealed that MK-4 and MK-8 were the best wheat genotypes in terms of PUE 
under contrasting P availabilities. 

Conclusion 
The current study showed that when several genotypes were cultivated in field conditions with both low and 
high P supplies, there was significant genetic variability among wheat genotypes for PUE, PAE, PUtE, and the 
related characteristics. It was shown that the genotypes MK-4 and MK-8 were the best fits for soils with 
different levels of P availability. Furthermore, the PAE of wheat genotypes was primarily responsible for PUE 
discrepancies. By choosing genotypes with lower grain P concentration, it is possible to boost P utilization 
efficiency by placing more weight on the quotient of utilization than the P harvest index. These results 
highlight the necessity of screening vast genetic pools on various soil types with variable P supply. This will 
provide a window of opportunity for conventional breeding to increase PUE in wheat production systems. 
Furthermore, by modifying P fertilization in accordance with cultivar sensitivity to P deprivation (tolerant vs. 
sensitive genotypes), this information will be helpful for P management, which will ultimately lower 
production costs and fertilizer requirements especially in P-limited alkaline calcareous soils.  
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