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Abstract   

Horticultural crops are invaluable to the lands of small and marginal farmers 

across the nation, making a substantial contribution to the national economy. 

The significant productivity gap in horticulture is mostly attributable to the 

inefficient utilization of water and fertilizer resources. Soil fertility has been 

declining, driven by nutrient depletion and excessive fertilizer application 

with low nutrient-use efficiency, which hampers productivity despite the 

steady increase in cultivated area. Numerous research has investigated the 

application of water-soluble fertilizers to enhance the yield of horticulture 

crops, achieving greater profitability while minimizing environmental effects. 

Water-soluble fertilizers are closely linked to improvements in growth, yield 

attributes and soil fertility in various horticultural crops. These fertilizers offer 

numerous advantages, such as controlling weed growth, reducing the need 

for herbicides and enhancing the quality of vegetables and fruits, leading to 

widespread adoption. Additionally, drip irrigation systems in horticulture 

have conserved nearly half of the fertilizers and water resources used. 

Achieving self-sufficiency and sustainability in food production further 

supports precision farming through water-soluble fertilizers. Consequently, 

higher nutrient use efficiency (NUE) can be attained, making water-soluble 

fertilizers an essential component of precision agriculture and site-specific 

nutrient management. 
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Introduction   

Holding the second position globally in total vegetable and fruit production 

and ranking first in the production of onion, ginger and okra, India also stands 

14th in vegetable export and 23rd in fruit export. The horticultural sector is 

pivotal in supporting global food production and improving the nation’s 

nutritional diet (1). This sector holds immense potential to double farmers 

incomes, improve livelihoods and boost foreign trade by exporting quality 

produce (2). Water and nutrients are fundamental to enhancing horticultural 

yield and quality, yet the lack of studies on their interaction remains a crucial 
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factor behind lower productivity (3). Fertilizers are essential 

for the growth and production of horticultural crops by 

supplying necessary plant nutrients and their timely 

application significantly improves produce quality. 

 The area under horticultural production had seen 

significant growth, expanding from 15.69 Mha in 2000 to 

28.08 Mha in 2022, with yield increasing from 150.2 Mt in 

2000 to 342.3 Mt over the same period (4). This trend is 

expected to continue. Mineral fertilizer use in agriculture is 

also projected to rise, from 175 Mt in 2015 to 199 Mt by 2030 

(5). However, marginal farmers face challenges with 

reduced nutrient use efficiency due to high rates of leaching 

and volatilization, which result in significant nutrient loss 

and hinder the cultivation of high-yield horticultural crops. 

Many horticultural crops also deplete soil nutrients 

extensively, exacerbating this issue. 

  Water scarcity poses another major threat to 
sustainable horticultural production, requiring careful 

management. Because horticultural crops are typically 

spaced more widely, improper water conveyance can lead 

to substantial water loss, creating deficits during critical 

phases such as flowering and fruit development. This, in 

turn, leads to lower yields and reduced quality (6). Balanced 

nutrition improves nutrient use efficiency (NUE), increases 

litter production and enhances biomass generation, 

indirectly supporting microbial population growth (7, 8) and 

fostering beneficial nutrient-microbe interactions. This 

tripartite association has shown benefits in crop yields-for 

example, papaya under 50% of the recommended fertilizer 

dose with Azotobacter @ 50g per plant (9) and banana 

under 100% of the recommended dose of fertilizers with 

farmyard manure @ 10 kg/plant, Azospirillum @ 25 g/plant 

and phosphate-solubilizing bacteria @ 250g/plant (10). 

Conversely, lower nutrient use efficiency can reduce crop 

quality and harm environmental health by diminishing 

microbial communities, which are essential for nutrient 

cycling.  

 Water-soluble fertilizers (WSFs) offer a breakthrough in 

addressing these ‘Twin Threats’ by improving nutrient and 

water use efficiencies. Water soluble fertilizers provide site-

specific, timely nutrient delivery, minimizing losses compared 

to conventional fertilizers (11). High nutrient use efficiency is 

achieved even with small quantities of WSFs, reducing both 

cultivation costs and environmental risks. Fertigation 

facilitates multiple applications, addressing crop 

requirements at various growth phases, hence enhancing 

productivity and sustainability in horticulture production. 

Utilizing WSFs in place of traditional fertilizers improves 

nitrogen absorption by plants, decreases nutrient leaching 

from the soil and alleviates problems such as eutrophication 

in aquatic environments. Increased nutrient uptake enhances 

nutrient use efficiency, ultimately benefiting farmers 

financially by reducing cultivation costs. This report 

highlights the importance of WSFs in improving water 

productivity and nutrient use efficiency, thereby supporting 

high-quality horticultural production. 

Emerging multi-nutrient deficiencies in soils 

Intensive cultivation and imbalanced nutrient application 

over the past forty years have led to the widespread 

emergence of secondary and micronutrient deficiencies in 

addition to primary nutrients like nitrogen, phosphorus and 

potassium (12, 13). Table 1 presents a statistical summary of 

available sulphur and micronutrients in Indian soils. 

 Studies estimating plant and soil samples across 
various regions of India indicate that approximately 49%, 

12%, 5%, 3%, 33% and 11% of Indian soils are deficient in 

zinc, iron, manganese, copper, boron and molybdenum, 

respectively (14). The significance of micronutrients in crop 

growth and development is highlighted, as even minor 

deficiencies can lead to substantial agricultural challenges 

(15). In particular, horticultural production on widespread 

alkaline/calcareous soil presents a severe challenge in 

maintaining adequate iron levels in the soil (16). Factors 

such as root morphology, root secretions, plant-microbe 

associations, and the nature of the plant system also play 

crucial roles in determining micronutrient availability (17, 

18).  

 It is essential to tailor fertilizer applications to 

maximize the benefits of horticultural crops. Excessive 

nitrogen application contributes to the eutrophication of 

water bodies, while excess phosphorus can exacerbate soil 

micronutrient deficiencies (19). Therefore, efforts should 

focus on improving fertilizer use efficiency based on sound 

scientific principles, rather than indiscriminately increasing 

fertilizer quantities for horticultural crops.  

Nutrient requirement and fertilizer consumption in 

the horticultural sector 

Optimizing fertilizer utilization is a crucial measure for 
attaining sustainable fruit and vegetable cultivation (3). 

Fertilizer consumption in India has grown significantly, from 

1.54 million tons in 1967-68 to 29.84 million tons in 2022-23 

(4). Horticultural crops are heavy consumers of nutrients, 

accounting for 6% of the country’s total fertilizer use-similar 

to that of sugarcane and cotton and just below the usage for 

oilseeds (10%) and food grains (69%) (3). The cultivation of 

various fruits and vegetables typically requires 500-1000 kg 

ha-¹ of primary nutrients (nitrogen, phosphorus and 

Nutrients Minimum Maximum Mean SD CV (%) Skewness Kurtosis 

Sulphur (mg kg-1) 0.02 822 27.0 29.9 111 4.28 35.6 

Zinc (mg kg-1) 0.01 59.8 1.40 1.60 118 7.35 118 

Boron (mg kg-1) 0.01 109 1.40 4.70 338 12.8 189 

Iron (mg kg-1) 0.01 964 31.0 52.2 168 5.53 47.3 

Copper (mg kg-1) 0.01 99.2 2.30 3.50 153 10.8 186 

Manganese (mg kg-1) 0.01 483 17.5 21.4 122 5.72 59.7 

Table 1. Descriptive Statistics of available sulphur and micronutrients in Indian soil       Source: (13)  
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potassium) (20), with an average fertilizer consumption of 219 

kg ha-1 in India, compared to a global average of 259 kg ha-¹ 

(21). Unbalanced fertilizer application is a concern in 

horticultural crops. Soil surveys in vineyards across 

Maharashtra and Karnataka have shown that excessive 

fertilizer application-up to 3 tons per hectare-intended to 

boost yield has led to reduced fruit quality, environmental 

degradation and groundwater contamination (22). While 

perennial crops such as guava and mango receive minimal 

fertilization, crops like vineyards, pomegranate groves and 

vegetables in some Indian states are often over-fertilized (23). 

Beyond water pollution, excessive chemical fertilizers disrupt 

microbial populations, increase soil acidity and degrade soil 

quality. Heavy metal contamination from such fertilizers also 

poses severe health risks and contaminates groundwater 

(24). The decadal shift in the nitrogen, phosphorus and 

potassium requirements of horticultural crops is shown in 

Table 2. Table 3 highlights major horticultural crops and their 

nutrient removal, while Table 4 provides generalized fertilizer 

recommendations. 

 

Water Soluble Fertilizers and Use Efficiency 

Fertigation is rapidly gaining traction in the horticultural 

sector due to its ability to improve both water and fertilizer use 

efficiencies, which in turn is increasing the demand for water-

soluble fertilizers (WSFs). In fruit plantations, fertigation 

provides dual benefits, conserving up to 30-50% of nutrients 

and water (1). Fertigating crops with WSFs aligns nutrient 

application with crop needs, significantly reducing leaching 

and runoff losses (11). Table 5 presents data on improved 

fertilizer use efficiency across different application methods. 

 With the introduction of an advanced fertilization 
programme, WSFs have become a preferred choice for farmers 

due to their numerous benefits, including high solubility, 

nutrient delivery and compatibility with micro-irrigation 

systems. The complete solubilization and low salt index of 

WSFs help prevent clogging from precipitate formation in 

lateral systems. In sprinkler systems, fertilizers applied as a 

fine mist cover plant surface, enabling faster nutrient uptake, 

while drip fertigation effectively controls weed growth (11). 

WSFs provide essential plant nutrients such as nitrogen (N), 

phosphorus (P) and potassium (K), along with secondary 

Table 2. Decadal change in NPK requirement (t) of horticultural crops                                Source: (23)  

Sector 

2003-04 2013-14 % 
increase 
over the 

2018-19 % 
increase 

over N P2O5 K2O Total N P2O5 K2O Total N P2O5 K2O Total 

Fruits 738857 393081 683162 1815100 1724261 1080930 1777036 4582226 153 1623217 1015340 1710995 4349551 140 

Vegetables 475215 450647 506230 1432093 1032882 922450 1033186 2988518 109 941199 855918 970401 2767517 93 

Flowers NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Aromatic 
and 

medicinal 
crops 

NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Plantation 
crops 322500 157645 525940 1006085 383350 185130 607560 1176040 17 389630 186720 608210 1184560 18 

Spices NA NA NA NA 226,785 151493 181486.5 559764 - 268651 192316 239645 700611 - 

Grand 
Total 1536572 1001373 1715332 4253277 3367278 2340003 3599269 9306548 119 3222697 2250294 3529251 9002239 112 

Crop Yield (t ha-1) 
Nutrient removal (kg ha-1) 

N P K 

Fruits 

Mango 15.0 100 25 110 

Banana 57.5 322 73 1180 

Citrus 20.0 22 12 57 

Guava 20.0 120 50 150 

Pomegranate 40.0 44 8 70 

Apple 29.0 18 2 40 

Pineapple 84.0 150 45 530 

Papaya 80.0 225 60 180 

Grapes 20.0 160 40 180 

Vegetables 

Potato 28 202 50 225 

Brinjal 60 175 40 300 

Tomato 37 104 22 141 

Cauliflower 35 250 100 350 

Cabbage 25 112 28 112 

Beans 30 130 40 160 

Green peas 25 55 20 40 

Lettuce 30 160 30 234 

Spinach 25 120 45 200 

Celery 20 140 55 220 

Onion 30 73 36 68 

Table 3. Nutrient removal by horticultural crops                Source: (23)  
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nutrients like calcium, magnesium, sulfur and various 

micronutrients, making them adaptable to soils with diverse 

fertility levels and different climatic conditions. A schematic 

illustration of fertigation with WSFs is shown in Fig. 1. WSFs 

offer several advantages, including 100% solubility, absence of 

inert materials, high purity, readily available nutrients, a low 

salt index and an acidic reaction that enhances nutrient use 

efficiency (3). Although the popularity and usage of WSFs in 

India remain limited compared to developed countries (25), 

there is considerable potential for expansion within the 

horticultural sector. As of now, the Fertilizer Control Order 

(FCO) of 1988 has sanctioned eighteen grades of fully water-

soluble fertilizers (Table 6). The solubility of common WSFs is 

provided in Table 7. 

Crops 
Recommended dose of NPK (kg ha-1) 

N P2O5 K2O 

Fruits 

Banana 620 310 620 

Mango 75 20 70 

Citrus 110 35 55 

Papaya 925 925 925 

Guava 250 175 175 

Apple 320 320 320 

Pineapple 275 70 200 

Sapota 100 50 50 

Grapes 300 300 600 

Pomegranate 500 425 975 

Litchi 50 50 25 

Vegetables 

Potato 60 100 120 

Tomato 180 120 150 

Onion 125 75 125 

Brinjal 180 150 120 

Tapioca 45 90 120 

Cabbage 150 125 100 

Cauliflower 150 100 100 

Okra 100 50 50 

Peas 25 75 60 

Sweet potato 20 40 60 

Chilli 150 75 75 

Plantation crops 

Coconut 100 55 210 

Cashew nut 100 40 60 

Arecanut 140 55 200 

Cocoa 70 30 100 

Spice crop 

Garlic 40 75 75 

Turmeric 150 60 108 

Ginger 37.5 50 37.5 

Cumin 30 20 20 

Coriander 10 40 20 

Tamarind 20 15 25 

Fenugreek 30 25 40 

Fennel 50 10 10 

Pepper 110 50 155 

Cardamom 75 75 150 

Ajwan 40 20 20 

Nutmeg 187.5 187.5 600 

Table 4. General fertilizer recommendations of horticultural crops         Source: (70)  

Nutrient 

Fertilizer use efficiency (%) 

Soil 
application Drip Fertigation 

Nitrogen 30-50 65 95 

Phosphorus 20 30 45 

Potassium 50 60 80 

Table 5. Fertilizer use efficiency under different methods of application 

       Source: (70)  

Fig. 1. Fertigation with water-soluble fertilizers 

            Source: Data collected from various sources) 
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Effect of WSFs on growth and yield attributes of 

horticultural crops 

Water-soluble fertilizers (WSFs) enable precise nutrient 

delivery and are thus absorbed by plants more efficiently 

than traditional fertilizers. Studies have reported that growth 

indicators, such as the number of branches, plant height and 

yield attributes, were higher in tomatoes when treated with 

five foliar sprays of WSFs (26-29). Similar beneficial effects of 

WSF application have been observed across various 

horticultural crops, including banana (30), watermelon (31), 

guava (32), lettuce (33), onion (34), chili (35, 36), okra (36, 37), 

bottle gourd (38-40), cucumber (41, 42), potato (43), carrot 

(44), cabbage (45), tuberose (46), marigold (47-49) and 

coconut (50). Moreover, WSF application has been shown to 

reduce the number of days to reach 50% flowering in these 

studies. The contribution of WSFs to yield improvement in 

horticultural crops is illustrated in Fig. 2. 

Effect of WSFs on the quality of horticultural crops 

Applying water-soluble fertilizers (WSFs) has been shown to 

improve the quality of horticultural crop production. For 

example, WSFs have been reported to increase total soluble 

solids in bananas (30), tomatoes (29) and carrots (44), as 

well as lycopene content in tomatoes (29). Similarly, WSF 

use has enhanced ascorbic acid and total phenol content in 

eggplant (51), vitamin C content in capsicum (52), soluble 

protein and sugars in lettuce (33) and total titratable acidity 

in watermelon (31) compared to conventional fertilizers. 

 

Effect of WSFs on soil nutrient availability, nutrient use 

efficiency and water use efficiency 

Water-soluble fertilizers (WSFs) have improved the availability 
of both macronutrients and micronutrients in the soil (26, 38, 

53, 54). Since WSFs are applied through drip or foliar 

methods, there are minimal losses due to leaching and 

evaporation. This application method helps sustain healthy 

dry matter production, which is crucial in maintaining 

satisfactory soil organic carbon levels (55). Fertigation, which 

involves the direct supply of nutrients at the root zone, makes 

nutrient application and plant uptake highly efficient (56). 

Water-soluble fertilizers facilitate the implementation of the 

4Rs of nutrient application: applying the right product at the 

correct rate, at the right time and in the right place. Reports 

Name of the product (Grade) 
Nutrient Composition (%) 

Nitrogen P2O5 K2O S Ca MgO Zn 

Potassium Nitrate (13-0-45) 13 0 45 - - - - 

Mono Potassium Phosphate  (0-52-34) 0 52 34 - - - - 
Calcium Nitrate 15.5     - 18.8 - - 
NPK (13-40-13) 13 40 13 - - - - 
NPK (18-18-18) 18 18 18 - - - - 
NPK (13-5-26) 13 5 26 - - - - 
NPK (6-12-36) 6 12 36 - - - - 

NPK (20-20-20) 20 20 20 - - - - 
NPK (19-19-19) 19 19 19 - - - - 

Potassium Magnesium Sulphate     22 20 - 18   
Mono Ammonium Phosphate  (12-61-0) 12 61 - - - - - 

Urea Phosphate (17-44-0) 17 44 - - - - - 

Table 6. Nutrient composition of Fertilizer Control Order approved water-soluble fertilizers                              Source: (3)  

Fertilizer Grade Solubility (g/l) at 20oC pH (1 g/ l @ 20oC) 

Water Soluble special fertilizers 

Mono Ammonium Phosphate (MAP) 12-61-0 282 4.9 

Poly feed (PF) 19-19-19     

Mono potassium phosphate (MKP) 0-52-34 230 5.5 

Potassium nitrate (multi-K) 13-0-46 316 7.0 

Sulphate of potash 0-0-50     

Orthophosphoric acid 0-52-0 457 5.5 

Conventional fertilizer 

Urea 46-0-0 1100 3.7 

Ammonium nitrate 34-0-0 1920 5.7 

Calcium nitrate 16-0-0 1290 5.8 

Potassium chloride (Red) 0-0-60 347 7.0 

Potassium sulphate (White) 0-0-50 110 3.7 

Ammonium sulphate 21-0-0 760 5.5 

Table 7. Solubility of different water-soluble fertilizers                Source: (3) 
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demonstrate that tomato exhibits the highest water use 

efficiency and maximum nitrogen use efficiency (29, 57), 

although elevated phosphorus and potassium use 

efficiencies have been recorded in Syngonium and lettuce 

with the administration of WSFs via a drip method (54, 58). 

Additionally, the nitrogen, phosphorus and potassium 

content were higher in chilli when WSFs were applied (35). 

 The foliar application enhances the movement of 

sugars and other exudates from the root portion to the 

surrounding soil (rhizosphere) (59). These exudates attract 

beneficial microbial communities to the root zone, promoting 

increased biological activity around the roots, which helps 

maintain nutrient availability. An experiment investigating 

the nutrient content of coriander leaves concerning different 

fertigation levels using various WSFs revealed that the 

application of 125% recommended dose of fertilizers (RDF) 

through WSF resulted in higher nitrogen (3.36%), phosphorus 

(0.25%) and potassium (4.39%) content (60). Fertigated 

papaya plants treated with WSFs exhibited improved 

nutritional content, stomatal conductance, physiological 

efficiency, relative water content, photochemical efficiency, 

net photosynthesis and water productivity compared to non-

fertigated plants (61-63). Additionally, enhanced nutrient 

uptake and use efficiency of 38.96 kg ha-1 was observed in 

onion under fertigation with TNAU-WSF at 125% RDF, along 

with sulphur and TNAU-LMM (Liquid Multi Micronutrient) (64). 

The contribution of WSFs to various attributes of horticultural 

crops is presented in Table 9. 

Effect of WSFs on cost economics 

The highest benefit-cost ratio (BCR) of 4.46 for tomatoes was 

observed with the foliar application of WSFs (28). In chilli, the 

highest BCR of 3.27 and the most significant net returns of 

Rs.1,83,196 per ha were achieved through fertigated with WSF 

at 100% RDF (36). Additionally, a maximum BCR of 2.99 was 

recorded under wider spacing and 2.83 under closer spacing 

of bhendi, both fertigated with WSFs at 100% RDF (37). 

Similarly, the highest BCRs have been documented for 

cucumber, ridge gourd (65), tomato (66), bitter gourd (67, 68) 

and cauliflower (69) under fertigation with WSFs at 100% RDF, 

primarily due to the provision of balanced nutrition. The 

economics of conventional fertilizers compared to WSFs is 

presented in Table 8.  

Crop 
Water 

Soluble 
Fertilizers 

Conventional 
fertilizers/

control 
References 

Tomato 4.12 2.83  (71) 

Chilli 3.27 2.4  (36) 

Bhendi 2.99 1.46  (37) 

Soybean 2.45 1.84  (72) 

Cauliflower 4.40 0.71  (69) 

Bitter gourd 4.99 4.03  (67) 

Cucumber 1.69 1.27  (73) 

Onion 3.25 2.21  (64) 

Table 8. Economics of water-soluble fertilizers and conventional fertilizers 

Crop Influence of WSF on various attributes of horticultural crops References 

Growth attributes 

Guava Maximum plant height of 390 cm under fertigation of 100% Recommended Dose of Fertilizer through 
WSF 

 (32) 

Tomato Maximum number of  branches (12.3), maximum plant height of 84.5 cm under 100% WSF 
 (27, 71) 

  

Chilli Maximum number of  branches (8.4), maximum plant height (62.2 cm)  with fertigation through WSF  (35) 

Carrot Maximum plant height of 43.27 cm, higher leaf production (10.4) under foliar application of 2% WSF 
 (44) 

  

Cabbage 
The highest leaf length of the outer leaf (22.46) and maximum leaf area (504.90 cm2) under fertigation 

of WSF 
  

 (45) 

Bitter gourd Increased vine length and number of  primary branches with fertigation of WSFs  (74) 

Yield attributes 

Tomato 
Maximum fruit yield of 70.77 t/ha and maximum fruit weight of 8.7 g under fertigation of 100% 

Recommended Dose of Fertilizer through WSF 
 (28) 

Chilli Maximum fruit weight of 8.7 g under fertigation of 100% Recommended Dose of Fertilizer through WSF  (36) 

Bhendi Enhanced pod yield of 23.79 kg ha-1 under fertigation with WSF 
  

 (37) 

Lettuce Maximum yield of 16.82 t/ha under fertigation of WSF.  (33) 

Tuberose Highest spike yield of 39.40/m2 under application of 75% RDF as WSF  (46) 

Bottle gourd Maximum fruit yield of 39.19 t/ha under 100% Recommended Dose of Fertilizer of WSF.  (40) 

Cucumber Highest fruit yield of 25.5 t/ha under fertigation with WSF  (42) 

Qualitative attributes 
Capsicum The highest vitamin C content of 28.27 under the 100% Recommended Dose of Fertilizer through WSF  (52) 

Cocoa Maximum number of cushions and pollen diameter under fertigation of 125% Recommended Dose of 
Fertilizer through WSF 

 (75) 

Tomato, Banana, 
Carrot 

Enhanced Total Soluble Solids of 4.41o Brix through fertigation with WSF  (26, 30, 44) 

Brinjal The Total phenolic content of 0.14 g was recorded under 100% RDF with 1% WSF as a foliar spray.  (51) 
Watermelon Total Titrable Acidity was higher under fertigation with 150 % RDF as WSF.  (31) 

Lettuce Highest vitamin C content of 110.65 µg/g, soluble protein (6.78 mg/g), soluble sugars (13.09 mg/g) at 
100% Recommended Dose of Fertilizer through fertigation of WSFs 

(33) 

Banana Improved fruit texture with a rating of 8.25, colour and appearance of 7.90 under fertigation with 100% 
WSF 

 (30) 

Ridge gourd Highest ascorbic acid content (8.14 mg/100g) under fertigation of 125% Recommended Dose of 
Fertilizer through water soluble fertilizers 

 (65) 

Table 9. Contribution of WSFs in improving various attributes of horticultural crops 
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Conclusion   

Water-soluble fertilizers used in drip fertigation systems have 

become a game-changer in modern horticultural practices, 

offering numerous advantages over traditional farming 

methods. The amalgamation of WSFs with drip irrigation 

facilitates the accurate delivery of vital nutrients straight to the 

root zone while enhancing nutrient accessibility for plants. 

This method markedly improves nutrient usage efficiency 

(NUE), decreasing fertilizer requirements and mitigating 

nutrient runoff and leaching losses, which are 

prevalent challenges in traditional fertilization practices. In 

water-scarce situations, combining WSFs with drip irrigation 

can lead to substantial water savings, ensuring that crops 

receive only the necessary amount of water, thereby avoiding 

over-irrigation and water wastage. The precise delivery of 

nutrients results in higher crop yields and better-quality 

produce, improving the market value for horticultural 

products. Moreover, WSFs diminish the necessity for 

manpower and machinery commonly linked to the use of 

conventional fertilizers, hence significantly reducing 

operational expenses for farmers. 

 Regarding crop health, WSFs positively influence both 

growth parameters and quality attributes of fruits and 

vegetables. Benefits include enhanced chlorophyll content, 

improved fruit size, higher total soluble solids (TSS) and 

increased concentrations of vitamins and nutrients. This 

quality improvement, combined with better yields, ensures 

that farmers enjoy higher profits as their produce becomes 

more appealing to consumers and meets export market 

standards. Providing high-quality produce enhances the 

purchasing power of local communities and has a positive 

impact on maintaining food security at the grassroots level. 

Furthermore, WSFs play a crucial role in environmental 

conservation by reducing the pollution associated with 

excessive fertilizer use. Research indicates that by switching to 

WSFs, farmers can achieve cost savings of 40-60% on fertilizer 

expenses while simultaneously increasing crop productivity. 

By installing micro-irrigation systems under the Pradhan 

Mantri Krishi Sinchayee Yojana, the farming community can 

benefit and the provision of WSFs at subsidized rates by 

government bodies should be encouraged. 

Future Strategies 

With the paradigm shift in the acreage of horticultural crops, 

there is significant potential for speciality fertilizers and water-

soluble fertilizers (WSFs), as many farmers have transitioned 

to micro-irrigation systems to optimize water and fertilizer 

use. Given their high nutrient use efficiencies, the 

recommendation of nutrients through WSFs must be 

standardized by crop and growth stage. Research should 

concentrate on elucidating the interaction effects of irrigation 

water and WSFs, given India's various water quality 

regulations. Customized formulations must be developed to 

address multiple nutrient deficiencies. Additionally, fertigation 

schedules and benefit-cost ratios for WSFs should be 

established for all horticultural crops. Ensuring quality control 

of WSFs is essential to prevent the entry of non-standard 

materials into the market. Furthermore, increasing awareness 

among farmers about the benefits of WSFs in precision 

agriculture is crucial.  

Acknowledgements 

The authors are incredibly thankful to the Department of 

Soil Science and Agricultural Chemistry, TNAU, Coimbatore 

and Coconut Research Station, Aliyar Nagar, Coimbatore, 

for providing never-ending support. Special thanks to Mr P. 

Karthick Vikram (Department of Crop Physiology) and Mr P. 

Krishnakumar for providing technical assistance for the 

successful completion of the article. The authors would like 

to thank Reliance Foundation Scholarship for providing 

financial assistance. 

 

Authors' contributions  

JL drafted the original manuscript, while CS contributed to 

the final drafting and critically revised it for important 

intellectual content. US provided final approval for the 

version to be published. RKK assisted in the literature 

collection necessary for developing the manuscript, and CIR 

supervised the project and contributed to the visualization of 

the original work. Finally, PL reviewed and oversaw the 
editing process to ensure the manuscript's accuracy and 

coherence.  

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interest to declare. 

Ethical issues: None.  

Declaration of generative AI and AI-assisted 

technologies in the writing process 

The author (s) did not use any AI tools during the preparation 

of this work. The article is purely based on the author's 

writing.  

 

References   

1. Shirgure PS, Srivastava AK. Potassium fertigation in Nagpur 

Mandarin. Sustainable micro irrigation management for trees 
and vines. Megh R. Goyal, editors. Apple academic press, 

Toronto New Jersey. 2015:175-6. https://doi.org/10.1201/
b17302-26  

2. Jha GK, Suresh A, Punera B, Supriya P. Growth of horticulture 
sector in India: Trends and prospects.Indian J Agric Sci. 2019;89
(2): 314-21. https://doi.org/10.56093/ijas.v89i2.87091  

3. Malhotra SK. Water soluble fertilizers in horticultural crops-An 

appraisal. Indian J Agric Sci. 2016;86(10):1245-56. https://
doi.org/10.56093/ijas.v86i10.62095  

4. FAI. Fertiliser Statistics 2022-2023. The Fertiliser Association of 

India, New Delhi. 2023. 

5. FAO 2023. Inorganic fertilizers 2000-2021. Food and Agriculture 
Organization of the United Nations. 2023; FAO Online; 7 Nov 

2023. 

6. Malhotra S, Das M. Augmenting water use efficiency in 
horticulture. Souvenir, World Aqua Congress; 2016:45-60. 

7. Sankar V, Veragagavathatham D, Kannan M. Organic farming 
practices in white onion (Allium cepa L.). Journal of Eco-friendly 

Agriculture.2009;4(1):17-21. 

8. Rohit K, Choudhary S, Ghoshlya J, Singh P. Effect of fertilizer 
and bio-fertilizer on growth, yield and economics of cowpea. 

Ann Plant Soil Res. 2013;15(2):177-78. 

https://doi.org/10.1201/b17302-26 
https://doi.org/10.1201/b17302-26 
https://doi.org/10.56093/ijas.v89i2.87091
https://doi.org/10.56093/ijas.v89i2.87091
https://doi.org/10.56093/ijas.v89i2.87091
https://doi.org/10.56093/ijas.v86i10.62095 
https://doi.org/10.56093/ijas.v86i10.62095 


LEKHAVARSHINEE  ET AL  8     

https://plantsciencetoday.online 

9. Singh J, Varu D. Effect of integrated nutrient management in 

papaya (Carica papaya L.) cv. Madhubindu. Asian J Hort. 2013;8
(2):667-670 

10. Bhalerao V, Patil N, Badgujar C, Patil D. Studies on integrated 
nutrient management for tissue cultured Grand Naine banana. 

Indian J. Agric. Res. 2009;43(2):107-112.  

11. Sarma HH, Paul A, Kakoti M, Talukdar N. Fertigation: A modern 
approach for enhancing nutrient use efficiency. 2023.  

12. Muralidharudu Y, Reddy KS, Mandal B, Rao AS, et al. GIS based 
soil fertility maps of different states of India: Indian Institute of 
Soil Science; 2011. 

13. Shukla AK. State-wise micro and secondary nutrients 
recommendations for different crops and cropping systems. 
Research Bulletin No.1/2012,IISS,Bhopal.1-40. 14. 

14. Singh SK, Singh C, Panwar R. Response of fertigation and plastic 
mulch on growth characteristics of young ‘Dashehari’ mango. 
Indian J  Hort. 2009;66(3):390-392. 

15. Langridge P. Micronutrient toxicity and deficiency. In: Reynolds 
MP, Braun HJ. (eds)  Wheat Improvement: Food Security in a 
Changing Climate: Springer International Publishing Cham; 

2022:433-49.  https://doi.org/10.1007/978-3-030-90673-3_24  

16. Subramani M, Durairaj J, Thiyagarajan C, Muthumani J. 
Synthesis of iron chelates for remediation of iron deficiency in 

an alkaline and calcareous soil. J Appl & Nat Sci. 2021;13(SI):149
-55. https://doi.org/10.31018/jans.v13isi.2818 

17. Samuel AD, Bungau S, Fodor IK, Tit DM, Blidar CF, David AT, et 
al. Effects of liming and fertilization on the dehydrogenase and 
catalase activities. Rev Chim. 2019;70:3464-68. https://

doi.org/10.37358/rc.19.10.7576  

18. Samuel AD, Bungau S, Tit DM, Melinte CE, et al. Effects of long 
term application of organic and mineral fertilizers on soil 

enzymes. Rev Chim. 2018;69:2608-12. https://doi.org/10.37358/
rc.18.10.6590  

19. Bindraban PS, Dimkpa CO, Pandey R. Exploring phosphorus 
fertilizers and fertilization strategies for improved human and 
environmental health. Biol Fertil Soils. 2020;56(3):299-317. 

https://doi.org/10.1007/s00374-019-01430-2  

20. Meena JK, Shukla JP, Hanni S, Verma LK. Plant Nutrition and 
Fertilizer Management in Horticultural Crops. Modern Horizons 

in Horticulture. 2023;3-46.  

21. Chanda T. A critical analysis of fertilizer use by crops in India. 
Indian J Fert. 2014;10(3):14-20. 

22. Chadha K. Keynote address potassium is nutrition of fruits and 

vegetable crops in India. Group Discussion on Potassium and Its 
Influence on Quality of Fruit and Vegetable Crops Held at IARI, 

New Delhi-Dec. 1989;2:1989.  

23. Ganeshamurthy A, Kalaivanan D, Selvakumar G, Panneerselvam 
P. Nutrient management in horticultural crops. Indian J Fert. 

2015;11(12):30-42. 

24. Bhattacharyya R, Ghosh BN, Mishra PK, Mandal B, et al. Soil 
degradation in India: Challenges and potential solutions. 

Sustainability. 2015;7(4):3528-70. https://doi.org/10.3390/
su7043528  

25. Patel G. Water soluble fertilisers-for efficient and balanced 

fertigation. Indian Journal of Fertilisers 2011;7(12):56-63 

26. Hebbar S, Ramachandrappa B, Nanjappa H, Prabhakar M. 
Studies on NPK drip fertigation in field grown tomato 

(Lycopersicon esculentum Mill.). Eur J Agron. 2004;21(1):117-27. 
https://doi.org/10.1016/s1161-0301(03)00091-1  

27. Palaniappan S, Jeyabal A, Chelliah S. Response of tomato and 
chilli to foliar application of water soluble fertilizers. Veg Sci. 

1999;23(1):9-15. 

28. Premsekhar M, Rajashree V. Performance of hybrid tomato as 

influenced by foliar feeding of water soluble fertilizers. Am-
Eurasian Sustain Agric. 2009;3(1):33-36. 

29. Pawar D, Dingre S, Kale K, Surve U. Economic feasibility of water 
soluble fertilizer in drip irrigated tomato (Lycopersicon 

esculentum). Indian J Agric Sci. 2013;83(7):703-07. 

30. Pawar D, Dingre S. Influence of fertigation scheduling through 
drip on growth and yield of banana in western Maharashtra. 

Indian J Hort. 2013;70(2):200-05. 

31. Hassan MHM, Omar MFZ, Abbas H, Ibrahim WMW, et al. 
Development of water soluble NPK fertilizer for watermelon 

cultivation under rain shelter structure. Journal Of 
Agrobiotechnology. 2024;15(S1):79-87. https://

doi.org/10.37231/jab.2024.15.s1.376  

32. Rao KR, Gangwar S, Bajpai A, Chourasiya L, Soni K. Influence of 
growth, yield and quality of guava (Psidium guajava L.) by drip 

irrigation and fertigation. J Appl & Nat Sci. 2017;9(1):642-45. 

https://doi.org/10.31018/jans.v9i1.1245  

33. Zhao Q, Guo S, Feng J, Li D, et al. Suitable water-fertilizer 
management and ozone synergy can enhance substrate-based 
lettuce yield and water-fertilizer use efficiency. Agronomy. 

2024;14(8):1619. https://doi.org/10.3390/agronomy14081619  

34. Bhakare B, Fatkal Y. Influence of microirrigation and fertilizer 
levels through fertigation on growth, yield and quality of onion 

seed. J Water Mang. 2008;16(1):35-39. 

35. Tumbare A, Bhoite S. Effect of solid soluble fertilizer applied 
through fertigation on growth and yield of chilli (Capsicum 

annuum). Indian J Agric Sci. 2002;72(2). https://
epubs.icar.org.in/index.php/IJAgS/article/view/40700 

36. Krishnamoorthy V, Hanif NA. Effect of water soluble and 
conventional fertilizers on growth and yield of chillies. J Krishi 
Vigyan. 2014;2(2):28-30.  

37. Rajaraman G, Pugalendhi L. Potential impact of spacing and 
fertilizer levels on the flowering, productivity and economic 
viability of hybrid Bhendi (Abelmoschus esculentus L. Moench) 

under drip fertigation system. Am J Plant Sci. 2013;4(09):1784. 
https://doi.org/10.4236/ajps.2013.49219   

38. Kumar P, Hadole S, Ramteke P, Bharti P. Effect of fertigation 
and foliar spray of nutrients on soil fertility and yield of bottle 
gourd (Lagenaria siceraria L.). Emergent Life Sci Res. 2022;8:146

-51. https://doi.org/10.31783/elsr.2022.81146151  

39. Milind P, Satbir K. Is bottle gourd a natural guard. Int Res J 
Pharm. 2011;2(6):13-17. 

40. Khandagale M, Kale K, Mane M, Khedkar D, et al. Nutrient availability, 
nutrient uptake and economics of bottle gourd (Lagenaria siceraria) 
under drip fertigation. Int J Adv Biochem Res. 2024;8(5):971-980 

https://doi.org/10.33545/26174693.2024.v8.i5l.1226  

41. Mangal Patil MP, Gadge S. Yield response of cucumber (Cucumis 
sativus L.) to different fertigation levels. Int J Agric Eng. 2016;9

(2):145-149.  https://doi.org/10.15740/has/ijae/9.2/145-149  

42. Shinde J, Malunjkar B, Raut R, Patil P, Thawal D. Response of 
cucumber to fertigation under drip irrigation system. Bioinfolet. 

2010;7(2):161-64. 

43. Sasani G, Patel C, Patel R, Patel N, Patel S. Efficient use of water 
and fertilizers through drip fertigation in potato. Potato J. 

2006;33(3and4):131-33.  

44. Ciza A, Silungwe F. Effect of foliar fertilizer and irrigation levels 
on carrot productivity. Asian Res J Agric. 2024;17(2):259-71. 

https://doi.org/10.9734/arja/2024/v17i2445  

45. Gurumurthy N, Ganiger VM, Hanamasagar Y, Alloli T, et al. 
Fertilizer reduction techniques on growth and yield of cabbage 

(Brassica oleracea var capitata L.). Journal of Global Agriculture 
and Ecology. 2024;16(2):41-49. https://doi.org/10.56557/

jogae/2024/v16i28688  

https://plantsciencetoday.online
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/Layout%20PST/Nov%2024/5229/.%20 https:/doi.org/10.1007/978-3-030-90673-3_24 
https://doi.org/10.31018/jans.v13isi.2818
https://doi.org/10.37358/rc.19.10.7576 
https://doi.org/10.37358/rc.19.10.7576 
https://doi.org/10.37358/rc.18.10.6590 
https://doi.org/10.37358/rc.18.10.6590 
https://doi.org/10.1007/s00374-019-01430-2 
https://doi.org/10.3390/su7043528 
https://doi.org/10.3390/su7043528 
https://doi.org/10.1016/s1161-0301(03)00091-1
https://doi.org/10.37231/jab.2024.15.s1.376
https://doi.org/10.37231/jab.2024.15.s1.376
https://doi.org/10.31018/jans.v9i1.1245
https://doi.org/10.3390/agronomy14081619
https://epubs.icar.org.in/index.php/IJAgS/article/view/40700
https://epubs.icar.org.in/index.php/IJAgS/article/view/40700
https://doi.org/10.4236/ajps.2013.49219
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/91996/Desktop/.%20https:/doi.org/10.31783/elsr.2022.81146151 
https://doi.org/10.33545/26174693.2024.v8.i5l.1226
https://doi.org/10.15740/has/ijae/9.2/145-149 
https://doi.org/10.9734/arja/2024/v17i2445
https://doi.org/10.56557/jogae/2024/v16i28688
https://doi.org/10.56557/jogae/2024/v16i28688


9 

Plant Science Today, ISSN 2348-1900 (online) 

46. Kumari J, Srivastava R, Bhuj B, Guru S, et al. Influence of doses 

of water soluble fertilizers through drip irrigation on flowering 
and yield in tuberose (Polianthes tuberosa L.) cv. Prajwal. 

Prajwal Int J Chem Stud. 2020;8(1):2879-82. https://
doi.org/10.22271/chemi.2020.v8.i1ar.8707  

47. Chitra V, Revathi P, Pasha ML, Srijaya T, Yakadri M. Effect of drip 

irrigation and fertigation levels on yield attributes and yield of 
African marigold (Tagetes erecta L.) during Rabi. Int J Environ 

Clim Chang. 2023;13(10):1344-49. https://doi.org/10.9734/
ijecc/2023/v13i102786  

48. Ghosh T, Chowdhuri TK, Sadhukhan R. Effect of straight 

fertilizer and water soluble fertilizer on growth and flowering of 
African marigold cv. Seracole. Pharma Innovation. 2018;7(5):590

-593. 

49. Snehitha R, Sneha C, Kalyani DL, Sravani P, Sumanth T. Effect of 
water soluble fertilizers through drip irrigation on yield 

attributes of marigold crop. Pharma Innovation. 2019;8(8):169-
73. 

50. Jayakumar M, Janapriya S, Surendran U. Effect of drip 

fertigation and polythene mulching on growth and productivity 
of coconut (Cocos nucifera L.), water, nutrient use efficiency and 

economic benefits. Agric Water Manag. 2017;182:87-93. https://
doi.org/10.1016/j.agwat.2016.12.012  

51. Anburani A, Babitha B, Muthumanickam K. Effect of different 

levels of water soluble fertilizers on yield and quality parameters 
in brinjal hybrids (Solanum melongena L.). Asian J Hort 2019;13

(2):55-58. https://doi.org/10.15740/has/tajh/13.2/55-58  

52. Gupta A, Ahmad MF, Bhat F. Studies on yield, quality, water and 
fertilizer use efficiency of capsicum under drip irrigation and 

fertigation. Indian J Hortic. 2010;67(2):213-18. 

53. Ananda Murthy H, Nair A, Kalaivanan D, Anjanappa M, et al. Effect 
of NPK fertigation on post-harvest soil nutrient status, nutrient 

uptake and yield of hybrid ridge gourd [Luffa acutangula (L.) 
Roxb] Arka Vikram. Int J Chem Stud. 2020;8(4):3064-69. https://

doi.org/10.22271/chemi.2020.v8.i4ak.10117  

54. Jain R, Bana RS, Kumar P, Singh B, Sharma VK, et al. Nutrient 
management in potted Syngoniums using water soluble 

fertilizers and biofertilizers: effects on growth and soil fertility. 
Can J Plant Sci. 2022;102(6):1090-100. https://doi.org/10.1139/

cjps-2022-0017  

55. Suvarna M, Singh GK. Water soluble fertilizers in Indian 
agriculture. Indian Journal of Fertilisers. 2021;17(4):290. 

56. Patel N, Rajput TB. Yield response of some vegetable crops to 

different levels of fertigation. Annals of Agricultural Research. 
2003;24(3):542-5. 

57. Jalpa L, Mylavarapu RS, Hochmuth G, Li Y, et al. Nitrogen use 

efficiency and yield levels using soluble and controlled-release 
urea formulations in tomato production. HortScience. 2024;59

(4):442-52. https://doi.org/10.21273/hortsci17679-23  

58. Xiao-ling Y, Zhao L, Yan-ru C, Wei-ning X, et al. Comprehensive 
benefit evaluation of hydroponic lettuce planted on 

aquaculture wastewater mixed with different proportions of 
water-soluble fertilizer. Chinese Journal of Agrometeorology. 

2024;45(03):257. 

59. Swietlik D, Faust M. Foliar nutrition of fruit crops. In: Janick J 
(Ed) Horticultural Reviews. 1984;6:287-355. https://

doi.org/10.1002/9781118060797.ch8  

60. Rajaraman G, Paramaguru P, Aruna P, Sudagar I. Fertigation 
studies on leaf NPK content in coriander (Coriandrum sativum L.). 

Asian J Hort.2011;6(1):8-10. https://www.cabidigitallibrary.org/

doi/full/10.5555/20113350442 

61. Shirgure P, Srivastava A, Singh S. Growth, yield and quality of 
Nagpur mandarin (Citrus reticulata Blanco) in relation to 
irrigation and fertigation. Indian J Agric Sci. 2001;71(8):547-50. 

62. Shirgure P, Srivastava A, Singh S. Integrated water and nutrient 
management in acid lime (Citrus aurantifolia Swingle). Indian J  
Soil Cons. 2004;32(2):148-51. 

63. Shirgure P, Lallan Ram LR, Marathe R, Yadav R. Effect of nitrogen 
fertigation on vegetative growth and leaf nutrient content of 
acid lime (Citrus aurantifolia Swingle) in central India.Indian J 

Soil Cons.1999;27(1):45-49.  

64. Vairavan C, Thiyageshwari S, Selvi D, Malarvizhi P, Teli KG, et al. 
Effect of TNAU-Water Soluble Fertilizers (TNAU-WSF) on nutrient 

uptake and nutrient use efficiencies of small onion (Allium cepa 
var. aggregatum).  Int J Plant Soil Sci. 2023;35(18):358-65. 

https://doi.org/10.9734/ijpss/2023/v35i183298  

65. Rajasree V, Pugalendhi I, Vasanthi C, Shanmugasundaram T. 
Effect of drip fertigation on growth, yield and quality of ridge 

gourd [Luffa acutangula (L.) Roxb]. Journal of Dry Zone 
Agriculture. 2020;6(1): 27-42.  

66. Asokaraja N, editor. Drip irrigation and mulching in tomato. 
Proc Workshop on Micro Irrigation and Sprinkler Irrigation 
Systems New Delhi, India; 1998. 

67. Hari AA, Devi LG. Studies on fertigation in bitter gourd 
(Momordica charantia L.). J Crop Weed.2016;12(2):91-95.  

68. Bharati D, Verma R, Singh V, Kumar R, et al. Response of bitter 
gourd (Momordica charantia L.) to foliar feeding of 

micronutrient on the growth, yield and quality. Int J Curr 
Microbiol App Sci. 2018;7(2):2341-46. https://doi.org/10.20546/

ijcmas.2018.702.284  

69. Kapoor R, Kumar A, Sandal SK, Sharma A, et al. Water and 
nutrient economy in vegetable crops through drip fertigation 

and mulching techniques: a review. J Plant Nutr. 2022;45
(15):2389-403. https://doi.org/10.1080/01904167.2022.2063742   

70. Muvel R, Naruka I, Chundawat R, Shaktawat R, et al. Production, 
productivity and quality of ajwain (Trachyspermum ammi L. 
Sprague) as affected by plant geometry and fertilizer levels. 

International Journal of Seed Spices. 2015;5(2):32-37.  

71. Chaurasia S, Singh K, Rai M. Effect of foliar application of water 
soluble fertilizers on growth, yield and quality of tomato 

(Lycopersicon esculentum L.). Sri Lankan J Agric Sci. 2005;42:66-
70.  

72. Banasode C, Math K. Effect of foliar fertilization of water soluble 
fertilizers on growth and economics of soybean in a vertisol. J 
Pharmacogn Phytochem. 2018;7(2):2391-93. 

73. Mangal Patil MP, Gadge S, Gorantiwar S. Economics of 
cucumber (Cucumis sativus L.) grown under shade net house 
with different fertigation levels. Int J Agric Eng. 2017;10(1):1-9. 

https://doi.org/10.15740/has/ijae/10.1/1-9  

74. Abraham RK, Sarathi MP, Manna DC. Effect of drip irrigation, 
fertigation and mulching on growth and dry matter 

accumulation in bitter gourd. J Krishi Vigyan. 2018;6(2):61-
67.  https://doi.org/10.5958/2349-4433.2018.00058.2  

75. Krishnamoorthy C, Rajamani K. Effect of fertigation through drip 
and micro sprinkler on pod characters in cocoa (Theobroma 
cacao L.). J Appl Hortic. 2014;16(2):117-21. https://

doi.org/10.37855/jah.2014.v16i02.19   

https://doi.org/10.22271/chemi.2020.v8.i1ar.8707
https://doi.org/10.22271/chemi.2020.v8.i1ar.8707
https://doi.org/10.9734/ijecc/2023/v13i102786 
https://doi.org/10.9734/ijecc/2023/v13i102786 
https://doi.org/10.1016/j.agwat.2016.12.012
https://doi.org/10.1016/j.agwat.2016.12.012
https://doi.org/10.15740/has/tajh/13.2/55-58 
https://doi.org/10.22271/chemi.2020.v8.i4ak.10117
https://doi.org/10.22271/chemi.2020.v8.i4ak.10117
https://doi.org/10.1139/cjps-2022-0017
https://doi.org/10.1139/cjps-2022-0017
https://doi.org/10.21273/hortsci17679-23
https://doi.org/10.1002/9781118060797.ch8
https://doi.org/10.1002/9781118060797.ch8
https://www.cabidigitallibrary.org/doi/full/10.5555/20113350442
https://www.cabidigitallibrary.org/doi/full/10.5555/20113350442
https://doi.org/10.9734/ijpss/2023/v35i183298
https://doi.org/10.20546/ijcmas.2018.702.284 
https://doi.org/10.20546/ijcmas.2018.702.284 
https://doi.org/10.1080/01904167.2022.2063742 
https://doi.org/10.15740/has/ijae/10.1/1-9 
https://doi.org/10.5958/2349-4433.2018.00058.2
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/91996/Desktop/.%20https:/doi.org/10.37855/jah.2014.v16i02.19 
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/91996/Desktop/.%20https:/doi.org/10.37855/jah.2014.v16i02.19 

