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ABSTRACT 

EFFECT OF IRON AND ZINC NUTRITION ON SEED YIELD, 

NUTRIENT UPTAKE AND QUALITY OF FENUGREEK 

(Trigonella foenum-graecum L.) IN INCEPTISOL. 

By 

MISS. CHOUGALE RUTUJA BHAIRU 

A candidate for the degree 

of 

MASTER OF SCIENCE (AGRICULTURE) 

in 

SOIL SCIENCE AND AGRICULTURAL CHEMISTRY 

   Research Guide      :         Dr. P. B. Jagtap 

   Department            :         Soil Science and Agricultural Chemistry 

       The investigation was undertaken on  fenugreek cv. Phule Kasturi planted at        

30 × 20 cm2 row length distance at National Agriculture Research Project, Ganeshkhind, 

Pune- 7, during the year 2017-18, with view to study the effect of iron and zinc nutrition on 

seed yield, nutrient uptake and quality of fenugreek (Trigonella foenum-graecum L.) in 

Inceptisol.  

         The soil of the experimetal site was clay loam in texture had pH 8.15, 

electrical conductivity (EC) 0.14 dS m-1, organic carbon 0.66 %, available N 313.6 kg ha-1, 

available P 30.19 kg ha-1, available K 752.64 kg ha-1, DTPA- extractable Fe 4.1 mg kg-1,                  

Zn 0.4 mg kg-1, Mn 12.7 mg kg-1 and Cu 5 mg kg-1. The soil was deficient in iron and zinc 

content. The experiment was laid out in Randomized Block Design with three replications 

consisted eleven treatments. 

        Among the various treatments, GRDF (40:80:80 kg ha-1 N:P2O5:K2O +              

FYM 10 t ha-1) + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 (T11) 

recorded significantly higher plant height (29.83 cm), number of branches (3.53 plant-1), 

number of trifoliate leaves (66.70), plant weight at harvest (18.35 g), 1000 grain                      

weight (12.85 g), seed yield (9.12 ql ha-1), number of pods per plant (32.27), total 

chlorophyll content (31.11 mg g-1 fresh weight), protein content (25.92%), seed 
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germination (89%), viability of seeds (93.62%), seed vigour index (1618),  iron content in 

seed (34.9 mg kg-1) and zinc content in seed (71.2 mg kg-1). 

          The uptake of nitrogen, phosphorous, potassium, iron, zinc, manganese and 

copper by fenugreek was significantly higher due to treatment T11 i.e. GRDF                   

(40:80:80 kg ha-1 N:P2O5:K2O) + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @               

10 kg ha-1.  

         At harvest, treatment T11 (40:80:80 kg ha-1 N:P2O5:K2O + FYM 10 t ha-1) + 

soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) recorded significantly higher 

content of soil available nitrogen, iron and zinc. The foliar application of iron and zinc 

could helped to increase growth, yield and quality parameters of fenugreek grown in iron 

and zinc deficient soil. However, the application of FeSO4 @ 15 kg ha-1 and ZnSO4 @                                  

10 kg ha-1 to fenugreek not only helped to improve growth, yield and quality parameters of 

fenugreek but it helped to built up iron and zinc content respectively in iron and zinc 

deficient soil. The soil application of FeSO4 and ZnSO4 to fenugreek could bring DTPA 

iron and DTPA zinc respectively to the sufficient level in soil after harvest of fenugreek 

crop. Soil available phosphorous, manganese and copper content remained significantly 

unchanged due to iron and zinc application to fenugreek. Application of iron and zinc either 

through foliar or soil did not influenced significantly the soil pH, electrical conductivity and 

organic carbon content of soil after harvest of fenugreek. 

 

                                                                                                   Page 1 to 59 
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1. INTRODUCTION 

  The importance of micronutrients in Indian agriculture is truly well recognized 

and their use had significantly contribution to the increased productivity of several crops.  

Micronutrients are essentially as important as macronutrients to have better growth, yield and 

quality in plants. In the past, there was no need of addition of micronutrients in soil because 

these trace elements were naturally supplied by soil. There was an adequate use of organic 

manures which could supply some quantities of micronutrients to the crops. 

   Micronutrients are present in soil but may not be available to plants. 

Micronutrients are to be necessarily taken up by the plants from soil or supplemented 

through foliar application for good growth and yield of crops. In the absence of these 

micronutrients, the plants are known to suffer from physiological disorders which eventually 

lead to imbalanced growth and low yield. The role of micronutrients in various metabolic 

processes and the enzymes involved in these processes has been reported by Zende (1996). 

Micronutrients are involved in all metabolic and cellular functions. Plants differ in their need 

for micronutrients.  

Iron is involved in the production of chlorophyll and iron chlorosis is easily 

recognized on iron-sensitive crops growing on calcareous soil. Critical limit of iron in the 

plant is 100 ppm. It is available in Fe3+and Fe2+ forms. Iron is a component of many enzymes 

associated with energy transfer, nitrogen reduction and fixation, and lignin formation. Iron is 

associated with sulphur in plants to form compounds that catalyze other reactions. Iron 

deficiencies are mainly manifested by yellow leaves due to low levels of chlorophyll. Leaf 

yellowing first appears on the younger upper leaves in interveinal tissues. Severe iron 

deficiencies cause leaves to turn completely yellow or almost white and then brown as leaves 

die. Iron deficiencies are found mainly on high pH soil, although some acid, sandy soil low 

in organic matter also may be iron-deficient. Poorly aerated or compacted soil also reduces 

iron uptake by plants, uptake of iron decreases with increase in soil pH and is adversely 

affected by high level of available phosphorus, manganese and zinc in soil. 

  Zinc is one of the essential micronutrients required for the growth of plants 

and is also very important for the primary and secondary metabolism of plants. Critical limit 

of zinc is 20 ppm. It is available in the Zn2+ form. Zinc regulates several vital physiological 

functions in plants. There are 59 kinds of zinc containing enzymes, representing almost all 

enzyme groups in plants. Zinc is a constituent of metalloenzymes and an activator of 

metalloenzyme complexes as well as being involved in the allosteric regulation of enzymes 

by virtue of its ability to modify enzyme conformation. Accordingly, the metabolic functions 

of zinc are various than those of most other micronutrients. Zinc participates in the glycolytic 



2 
 

pathway, the tricarbolisms. Zinc also governs the synthesis of chlorophyll, tryptophan and 

ascorbic acid in plants. Deficiency of zinc starts first on younger leaves and becomes 

chloratic, followed by reduced in growth. The protein synthesis suffers due to the reduced 

activity of nitrate reductive and other enzymes. 

  Fenugreek (Trigonella  foenum- graecum L.) is an annual crop, dicotyledonous 

plant belonging to the family Fabaceae. The genus name Trigonella means tri angled may be 

because of triangular shape of its flowers and the word foenum- graecum means „Greek hay‟ 

indicating its use as a forage crop in the past. Fenugreek also is known as one of the oldest 

medicinal plants recognized in recorded history. As per the literature available, around 260 

species of fenugreek are available worldwide. But currently, only 18 species of Trigonella 

are well known (Petropoulos, 2002). 

 Fenugreek plant has natural draught resistant ability and it can also grow well 

in the areas with moderate to low rain falls, its temperature requirement is as low as 10-15ºC, 

but it can neither grow well in extreme high temperature nor in extreme low temperature and 

especially show resistant to grow in the areas covered with snow. Researchers have reported 

that fenugreek yields maximum in the areas where low temperature dry season follows rainy 

season which is the typical subtropical and Mediterranean atmosphere. 

   The fenugreek seeds germinate in soil within three days. Seedling grows up to 

30 to 60 cm which can be erect, semi-erect or branched based on its variety. It has compound 

pinnate, trifoliate leaves, axillary white to yellow flowers, and 3-15 cm long thin pointed 

hoop-like beaked pods with 10-20 oblong greenish-brown seeds with unique hoop like 

groves. The plant has trifoliate, pinnate leaves, 3-15 cm long thin pointed hoop-like beaked 

yellow-brown pods with 10-20 seeds and white to yellow flowers, flowering starts after 30-

40 days of sowing. Fenugreek is a self- pollinating annual legume bean of Fabaceae family. 

  Fenugreek has been referred to as a medicinal herb both in Indian Ayurvedic 

and traditional Chinese medicines. It was used medicinally from wound-healing to bust 

enhancement and for promoting lactation in weaning mothers. Its leaves and seed have been 

used extensively to prepare extracts and powders for medicinal use. Generally, three 

chemical constituents of fenugreek are very important; i.e. i) steroidal sapogenins,                

ii) galactomannans and iii) isoleucine. These constituents have placed fenugreek among the 

most commonly recognized "nutraceutical" or health food products. Three main constituents 

of fenugreek are saponins, flavonoids and alkaloids. The bitter taste and specific smell of 

fenugreek is due to alkaloids and some other volatile compounds. Fenugreek contains        

4.8 per cent saponin, 35 per cent alkaloids, 10 per cent falvanoids                                  
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(100mg flavanoid per gram of fenugreek seed). Fenugreek is a rich source of vitamin B1, 

iron, silicon, sodium, saponins, dietary fibres, protein, amino acids and fatty acid contents. 

  Fenugreek is spread across the world because of its ability to survive in vast 

range of temperatures and soil types. Fenugreek is cultivated as crop in countries like 

Portugal, Spain, United Kingdom, Germany, Austria, Switzerland, Greece, Turkey, Egypt, 

Sudan, Ethiopia, Kenya, Tanzania, Israel, Lebanon, Morocco, Tunisia, India, Pakistan, 

China, Japan, Russia, Argentine. India ranks first in the production. 

  In India fenugreek is grown in winters as rabi crop. The major states growing 

fenugreek are Rajasthan, Madhya Pradesh, Gujarat, Uttar Pradesh, Maharashtra and Punjab. 

As per APEDA Agriculture Exchange Report, in the year 2015-2016, total production      

(000 Tonnes) was 247.14 in India. Rajasthan had 77.03 per cent, Madhya Pradesh with             

10.12 per cent and Gujarat with 5.73 per cent share. 

  The micronutrients increase productivity. Macro and micronutrient play a vital 

role in the physiology of plants. The application of micronutrient either foliar or through soil 

is very essential for higher production and quality improvement of fenugreek. Amongst the 

micronutrients iron and zinc have recently assumed greater importance in vegetable 

production. The application of micronutrients to fenugreek crops has shown promises, 

however the research work on this aspect is scanty and staggered. Therefore, the present 

investigation was undertaken to study the effect of micronutrients on nutrient uptake, seed 

yield and quality of fenugreek with following objectives : 

1.To study the influence of iron and zinc on growth parameters of fenugreek 

2. To study the influence of iron and zinc on yield and nutrients uptake by fenugreek 

3.To study the influence of iron and zinc on soil chemical properties after harvest of 

fenugreek 
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2. REVIEW OF LITERATURE 

  Fenugreek is (Trigonella foenum-graecum L.) native of South Eastern Europe 

and West Asia, is cultivated as a leafy vegetable, condiment and as medicinal plant. The 

fresh tender leaves and stem are consumed as curried vegetable and the seeds are mainly 

used as spice for flavouring almost all dishes. It has a high medicinal value as it prevents 

constipation, removes indigestion, stimulates spleen and liver and is appetizing and diuretic. 

India is the largest producer in the world. It is exported to Saudi Arabia, Japan, Sri Lanka, 

Korea and UK.  

   In plants a micronutrient deficiency is a physiological plant disorder which 

occurs when a micronutrient is deficient in the soil in which a plant grows. Micronutrients 

are distinguished from macronutrients (nitrogen, phosphorus, sulphur, potassium, calcium 

and magnesium) by the relatively low quantities needed by the plant.  A number of elements 

are known to be needed in these small amounts for proper plant growth and development. 

Nutrient deficiencies in these areas can adversely affect plant growth and development. 

Some of the best known trace mineral deficiencies include: zinc deficiency, boron 

deficiency, iron deficiency, and manganese deficiency. For proper maintenance of balanced 

nutrition, better health and proper growth, it is most essential that plants be properly fed with 

essential mineral elements.   

   The available literature on the effect of iron and zinc nutrition on seed yield, 

nutrient uptake and quality of fenugreek and various other crops has been reviewed and 

presented in this chapter.  

1. Influence of iron and zinc on growth parameters of fenugreek and other vegetables. 

2. Influence of iron and zinc on yield and nutrients uptake by fenugreek and other vegetables. 

3.Influenceof iron and zinc on soil chemical properties after harvest of fenugreek and other 

vegetables. 

2.1 Influence of Iron and Zinc on Growth Parameters of Vegetable Crops  

2.1.1 Influence of Iron and Zinc on Plant Height  

Shivappa (2005) carried experiment to study effect of micronutrients on 

growth, yield and quality of tomato. He observed that at 30 DAT, combined foliar spray of 

manganese and iron each at 0.1% recorded maximum plant height (19.90 cm). The increase 

in plant height by foliar application of manganese and iron was to an extent of about              

13.7 per cent over control. At 60 DAT a combined foliar spray of zinc, boron, iron and 

manganese each at 0.1 per cent concentration was most effective followed by the treatments, 

https://en.wikipedia.org/wiki/Physiological_plant_disorders
https://en.wikipedia.org/wiki/Micronutrient
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Plant_nutrition
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Phosphorus
https://en.wikipedia.org/wiki/Sulfur
https://en.wikipedia.org/wiki/Potassium
https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Trace_mineral
https://en.wikipedia.org/wiki/Zinc_deficiency_(plant_disorder)
https://en.wikipedia.org/wiki/Boron_deficiency_(plant_disorder)
https://en.wikipedia.org/wiki/Boron_deficiency_(plant_disorder)
https://en.wikipedia.org/wiki/Iron_deficiency_(plant_disorder)
https://en.wikipedia.org/wiki/Manganese_deficiency_(plant)
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foliar spray of Zinc + Boron + Iron (57.22 cm), Zinc + Boron + Iron (59.50 cm) in that they 

increase the plant height significantly over the other treatments. The combined spray (foliar 

spray of zinc, boron, iron and manganese each at 0.2%.) augmented the plant growth 

resulting in 45% increase in plant height over control. 

  Kotecha et. al. (2011) conducted experiment on effect of foliar application of 

micronutrients and growth regulators on growth and yield of cabbage. Among all the 

interactions of micronutrients and growth regulators treatments, interaction of zinc sulphate 

0.5 per cent + GA3 100 ppm recorded significantly highest plant height (15.85 cm). 

Maximum plant height (67.500 cm) was observed in P @ 50 kg ha-1 and Zinc 

@ 4 ppm ha-1 in garlic (Arif et. al. 2016). 

Significantly maximum increase in plant height was recorded with combined 

application of foliar spray of 0.5 per cent zinc sulphate + 0.5 per cent ferrous sulphate over 

control in fennel. The results indicated that soil application of 30 kg ha-1zinc sulphate being 

at par with 100 kg ha-1 ferrous sulphate recorded significantly higher plant height of fennel 

over control (Choudhary et. al. 2015). Saleha Tawab et. al. (2015) reported maximum plant 

height (131.89 cm) for plants treated with 0.2 per cent zinc in brinjal. 

Saravaiya et. al. (2014) recorded that the yield obtained with treatment             

N: P2O5: K2O kg ha-1 (75: 37.5: 62.5) + mixture of 100 ppm boric acid + 100 ppm zinc 

sulphate + 100 ppm copper sulphate + 100 ppm ferrous sulphate + 100 ppm manganese 

sulphate) had significantly maximum plant height (131.73 cm) in tomato. 

  The highest plant height (2.93 cm) observed due to Boron 1.25 g L-1 + Zinc 

1.25 g L-1 treatment in tomato. (Shnain et. al. 2014)  

   Palankar (2014) studied „effect of major and micronutrients, plant spacing and 

stages of picking on seed yield and quality of cluster bean‟. At harvest, spraying of boron @ 

0.1 per cent + zinc sulphate @ 0.5 per cent recorded significantly the higher plant height 

(83.14 cm) compare to other treatments which was on par with foliar spray of zinc sulphate 

@ 0.5 per cent (82.00 cm).  

Saravaiya et. al. (2014) reported significantly maximum plant height             

(131.73 cm) was recorded due to the RD NPK through chemical fertilizers N: P2O5 :K2O           

(75 :37.5:62.5) kg ha-1 + mixture of all micronutrients (100 ppm Copper + 100 ppm Boron + 

100 ppm Zinc + 100 ppm Mangenese + 100 ppm Iron) in tomato. 

Ali et. al. (2015) conducted experiment on effects of foliar application of zinc 

and boron on growth and yield of summer tomato. Maximum plant height (106.9 cm) was 

found from foliar application of 12.5 ppm ZnSO4 + 12.5 ppm H3BO3.Combined foliar 
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application of zinc and boron was more effective than the individual application of zinc or 

boron on growth and yield. 

  Seed inoculation with Azospirillum + PSB + foliar spray of zinc sulphate @ 

0.5 per cent recorded maximum plant height in coriander (Mounika et. al. 2017). The plant 

height (cm) at 60, 90 and at maturity increased significantly with increasing concentration of 

micronutrients (up to 0.4%) in eggplant cv HLB 12. The study suggested that for getting 

maximum plant growth of eggplant cv HLB 12, the crop should be sprayed with zinc 

sulphate @ 0.4 per cent (Pandav et. al. 2016). 

  Soil application of 7.5 zinc kg ha-1 significantly enhanced the plant height 

(118.23 cm) in okra which was reported by Sharma et. al. (2018). Plant height in brinjal was 

influenced by 10 mg Zn + 10 mg B and was significantly superior at 5 per cent over rest of 

the treatments reported by Solanki et. al. (2017). Uikey (2018) observed significantly 

maximum plant height in RDF + Borax (0.2%) + FeSO4 (0.5%) + ZnSO4 (0.5%) in brinjal. 

Khatemenla et. al. (2018) conducted experiment on effect of zinc and boron on 

growth, yield and quality of onion. The highest plant height (57.47 cm) was in treatment 

combination of Zn 25 kg + B 5 kg ha-1.The results clearly indicated that soil application of 

Zn 25 kg ha-1 + B 5 kg ha-1 significantly improved the growth of onion compared to other 

treatment combinations and control. 

Kuldeep et. al. (2018) studied effect of iron and zinc nutrition on growth 

attributes and yield of chickpea. The results of experiment indicated that plant height 

increased significantly with the increase in iron levels up to 4.0 kg ha-1 Fe. Zinc application 

had also positive effect on all growth attributes are significantly increased with the levels of 

zinc up to 2.5 kg ha-1. 

Kumawat (2018) studied on the effect of plant growth regulators and 

micronutrients on growth, yield and quality of okra and reported that growth regulators and 

micronutrients significantly improved the plant height of okra. The Maximum plant height 

(28.67 cm) was recorded when sprayed NAA @ 20 ppm followed by FeSO4 0.25 per cent at 

20, 40 and 60 days after sowing. 

2.1.2 Influence of Iron and Zinc on Number of Branches per Plant  

Patel et. al. (2011) studied effect of zinc and iron on yield and yield attributes 

of rainfed cowpea. The results revealed that the application of ZnSO4 at 25 kg ha-1 through 

soil proved to be most effective and increased the seed yield by 43.0 per cent when compared 

with control followed by the spraying of 0.5 per cent ZnSO4 at 25 and 45 DAS. The increase 

in yield was due to increase in number of branches per plant.  
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   Saravaiya et. al. (2014) conducted experiment on the effect of foliar 

application of micronutrients in tomato. Showed that the yield obtained with treatment                 

N: P2O5 : K2O (75 : 37.5 : 62.5) kg ha-1 + mixture of 100 ppm boric acid + 100ppm zinc 

sulphate + 100ppm copper sulphate + 100 ppm ferrous sulphate + 100ppm manganese 

sulphate) had significantly maximum number of branches plant-1 (5.81). 

Maximum number of branches (11.9 plant-1) was found by foliar application of 

12.5 ppm ZnSO4 + 12.5 ppm H3BO3 in summer tomato. (Ali et. al., 2015). The highest 

number of branches were recorded due to B-0.2 per cent foliar + Zn-0.2 per cent foliar +     

Si-20 ppm in soil in bitter gourd (Mohammed, 2015).  

   Seed inoculation with Azospirillum + PSB + foliar spray of zinc sulphate @ 

0.5 per cent recorded maximum number of primary branches in coriander                    

(Mounika et. al. 2017). 

  Sharma et. al. (2018) conducted experiment to study the effect of zinc on 

growth, yield and quality of okra. Results indicated that the soil application of 7.5 kg ha-1 

zinc significantly enhanced the number of branches per plant (2.58). 

  Maximum number of branches per plant were obtained in brinjal by 

combination of treatment 10 mg Zn + 10 mg B and was significantly superior at 5 per cent 

over rest of the treatments (Solanki et. al. 2017). Significantly maximum number of branches 

plant-1 was registered in RDF + Borax (0.2%) + FeSO4 (0.5%) + ZnSO4 (0.5%) treatment in 

brinjal (Uikey 2018).             

Kuldeep et. al. (2018) studied „effect of iron and zinc nutrition on growth 

attributes and yield of chickpea. The results of experiment indicated that number of branches 

per plant increased significantly with the increase in iron levels up to 4.0 Fe kg ha-1. 

2.1.3 Influence of Iron and Zinc on Number of Trifoliate Leaves  

The maximum number of leaves plant-1 (6.85) in P @ 50 kg ha-1 and Zn @             

4 ppm in garlic (Arif et. al. 2016). Maximum number of leaves per plant (437.78) was 

recorded for plants treated with 0.2% zinc in brinjal (Saleha Tawab et. al. 2015). 

Hallur (2013) reported that number of inner leaves in cabbage increase 

significantly due to soil application of zinc, iron and boron. Application of ZnSO4 @                

25 kg ha-1 + Borax @ 2 kg ha-1 along with RDF recorded significantly higher performance of 

growth parameters. 

  Arabhavi (2014) recorded that number of inner leaves of knol-khol increased 

significantly due to soil application of ZnSO4 @ 20 kg ha-1 + Borax @ 2.5 kg ha-1 along with 

RDF. 
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    Ali et. al. (2015) conducted experiment on effects of foliar application of zinc 

and boron on growth and yield of summer tomato. Maximum number of leaves (68.9 plant-1) 

was found due to foliar application of 12.5 ppm  ZnSO4 + 12.5 ppm H3BO3. Combined foliar 

application of zinc and boron was more effective than the individual application of zinc or 

boron on growth and yield. 

              Ghritlahare  et. al. (2015) conducted experiment effect of zinc and iron on 

yield and yield attributes of okra. The results of experiment indicated that, application of 

ZnSO4 at 50 kg ha-1 significantly increased number of leaves per plant. Among different 

levels of iron, application of 50 kg ha-1 FeSO4 significantly increased number of leaves per 

plant. 

        Maximum number of leaves (10.00) was produced when the soil was 

applied with 125% of recommended dose of NPK + Zn @ 7.5 kg ha-1 (T10) in garlic 

(Kaushal, 2016). In brinjal maximum number of leaves per plant was obtained by 

combination of treatments 10 mg Zn + 10 mg B and was significantly superior over rest of 

the treatments (Solanki et. al. 2017). 

       Significantly maximum number of leaves plant-1 was registered by 

treatment RDF + Borax (0.2%) + FeSO4 (0.5%) + ZnSO4 (0.5%) in brinjal (Uikey 2018). 

Maximum leaves per plant due to the treatment RDF + Zinc sulphate 25 kg ha-1 in onion                    

(Veer et. al. 2018)  .  

         Khatemenla et. al. (2018) conducted experiment on effect of zinc and 

boron on growth, yield and quality of onion. The highest number of leaves (12.37) was in 

treatment combination of Zn 25 kg ha-1 + B 5 kg ha-1. 

2.2 Influence of Iron and Zinc on Yield Parameters of Vegetable Crops 

2.2.1 Influence of Iron and Zinc on Plant Weight at Harvest 

  Saimbhi et. al. (1979) conducted a field experiment to study the influence of 

phorate at 1.25 kg ha-1, alone and in combination with Fe-EDTA (4 ppm Fe) on okra. Phorate 

alone and in combination with Fe-EDTA increased both fresh and dry weights per plant in 

comparison to control, FeSO4, EDTA and Fe-EDTA. 

  The treatment (RDF N: P2O5: K2O kg ha-1 (75:37.5:62.5) + 100 ppm Copper + 

100 ppm Boron + 100 ppm Zinc + 100 ppm Mangenese + 100 ppm Iron) had significantly 

maximum fresh weight of plants (25.65 t ha-1), dry matter yield of plants (7670.03 kg ha-1) in 

tomato cv. Gujarat Tomato-2 (Saravaiya et. al. 2014). 
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2.2.2 Influence of Iron and Zinc on 1000 Seeds Weight 

  Abid Ali et. al. (2017) studied effect of phosphorus and zinc on yield of lentil. 

Statistically found that plots received 9 and 12 Zn kg ha-1 produced more 1000 grain weights 

(30.6 g and 29.4 g).  

2.2.3 Influence of Iron and Zinc on Number of Pods per Plant  

Patel et. al. (2011) studied effect of zinc and iron on yield and yield attributes 

of rainfed cowpea. The results revealed that the application of ZnSO4 at 25 kg ha-1 through 

soil proved to be most effective and increased the seed yield by 43.0% when compared with 

control followed by the spraying of 0.5% ZnSO4 at 25 and 45 DAS. The increase in yield 

was due to increase in number of pods per plant. 

Palankar (2014) noticed significantly higher number of pods per plant (30.77) 

in cluster bean by spraying of boron @ 0.1 per cent + zinc sulphate @ 0.5 per cent as 

compared to other treatments. But it was on par with spraying of zinc sulphate @               

0.5 per cent alone. 

Maximum number of pods per plant (27.40 pod  plant-1) were noted under the 

treatment  RDF + zinc sulphate 20 kg ha-1 (soil application) in fenugreek (Mahobiya, 2016). 

Application of zinc at 9 kg ha-1 produced more pods plant-1 (117) in lentil                                      

(Abid Ali et. al. 2017).  

2.2.4 Influence of Iron and  Zinc on Seed Yield 

  Saimbhi et. al. (1979) conducted a field experiment to study the influence of 

phorate at 1.25 kg ha-1, alone and in combination with Fe-EDTA (4 ppm Fe) on okra. Phorate 

alone and in combination with Fe-EDTA increased seed yield (12 ql ha-1) in comparison to 

control, FeSO4, EDTA and Fe-EDTA alone. 

Patel et. al. (2011) studied effect of zinc and iron on yield and yield attributes 

of rainfed cowpea. The results revealed that the application of ZnSO4 at 25 kg ha-1 through 

soil proved to be most effective and increased the seed yield by 43.0% when compared with 

control followed by the spraying of 0.5% ZnSO4 at 25 and 45 DAS. The increase in yield 

was due to increase in number of pods per plant, 100-seed weight and number of branches 

per plant. 

Choudhary et. al. (2015) conducted experiment on effect of soil and foliar 

application of zinc and iron on yield, quality and economics of fennel. The results indicated 

that soil application of 30 kg ha-1 zinc sulphate being at par with 100 kg ha-1 ferrous sulphate 

recorded significantly higher seed yield of fennel over control. The significantly maximum 

seed yield was recorded with combined foliar spray of 0.5 % zinc sulphate + 0.5 % ferrous 

sulphate over control. 
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Diana et. al. (2015) conducted experiment on coriander cv CO4 to study 

impact of micronutrients. The study revealed that highest seed yield per hectare (623.3 kg in 

rabi and 599.9 kg in kharif) were observed for the foliar application of 0.5% FeSO4 if 

compared to other treatments. Foliar application of iron and zinc exhibited significant effect 

on resultant seed quality parameters. The study revealed the need for application of 

micronutrients in maximum realization of yield and quality of the coriander seed crop in 

calcareous soils. 

Esmaeil Rezaei-Chiyaneh et. al. (2018) conducted experiment on response of 

seed yield and essential oil of black cumin affected as foliar spraying of nano-fertilizers. 

Concluded that combined usage of micronutrients Nano-Fe + Nano-Zn + Nano-Mn showed 

the greatest increase in studied traits than their individual usage. The highest seed yield 

(706.67 kg ha-1) was obtained from Fe + Zn + Mn treatment.  

          Abid Ali et. al. (2017) recorded that application of zinc at 9 kg ha-1 produced 

more grain yield (1846 kg ha-1) in lentil. The experimental result concluded that phosphorus 

and zinc should be used at the rates of 100 kg ha-1and 9 kg ha-1 for the yield of lentil. 

    Kuldeep et. al. (2018) conducted experiment „effect of iron and zinc nutrition 

on growth attributes and yield of chickpea‟. The results of experiment indicated significant 

improvement in seed yield observed with the increasing levels of iron up to 4.0 kg ha-1 Fe 

over control and 2.0 kg ha-1 Fe. Similarly zinc is also an essential plant nutrient for yield. 

Zinc application had also positive effect on yield parameters as significantly increased with 

the levels of zinc up to 2.5 kg ha-1. 

2.3 Influence of Iron and  Zinc on Qualitative Parameters of Vegetable Crops 

2.3.1 Influence of Iron and Zinc on Total Chlorophyll Content 

  Jacobson and Orteli, (1956) reported that iron was essential for chlorophyll 

synthesis. A general chlorosis of young leaves was the most prominent symptoms of iron 

deficiency. (Bogard, 1966).       

Mansur et. al. (1995) reported that zinc application through zinc sulphate to 

onion at 2.5 or 5 kg ha-1 zinc increased in chlorophyll content. 

  Salam et. al. (2011) conducted experiment on quality of tomato as influenced 

by boron and zinc in presence of different doses of cowdung. The results revealed that the 

highest chlorophyll-a (42.0 μg l00g-1) and chlorophyll-b (61.0 μg 100 g-1) were recorded with 

the combination of 2.5 B kg ha-1 + 6 Zn kg ha-1, and 20 t ha-1 cowdung. 

  Arif et. al. (2016) conducted experiment on interactive effect of phosphorus 

and zinc on the growth, yield and nutrient uptake of garlic. Maximum chlorophyll content of 

leaves (12.527 mg 100 g-1) obtained with treatment P @ 50 kg ha-1 and Zn @ 4 ppm ha-1. 
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  Zn at 50 mg L-1 and Fe at 100 mg L-1 increased chlorophyll content and yield 

in cucumber. The effect of Zn and Fe was promoting too, as 50 mg L-1 and at 100 mg L-1 of 

Zn and Fe led to significant increments of vegetative factors, chlorophyll. However, the best 

results were found when Zn was applied accompanied by Fe (Mohsen, 2013).  

           Jat et. al. (2017) studied, the effect of zinc and iron on quality of amaranth. 

The quality parameters are concerned chlorophyll a, chlorophyll b and total chlorophyll 

content were significantly increased by individual application of zinc at 0.45 % and iron at 

0.30 % concentration. 

  Soil application of 7.5 zinc kg ha-1 significantly enhanced the chlorophyll 

content (1.60 mg 100 g-1) in okra. (Sharma et. al. 2018). The application of GRDF + soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 significantly increased total 

chlorophyll content in french bean (Bhamare et. al. 2018). 

2.3.2 Influence of Iron and  Zinc on Protein Content 

  Hallur (2013), recorded crude protein improved with application of zinc, iron 

and boron in cabbage. This quality parameters of head registered significant increase due to 

application of ZnSO4 @ 25 kg ha-1 + Borax @ 2 kg ha-1 over control.  

  Arabhavi (2014) conducted experiment on knol-khol. The crude protein 

improved with application of ZnSO4 @ 20 kg ha-1 + Borax @ 2.5 kg ha-1 over control.  

            Application of ZnSO4 at 50 kg ha-1 significantly increased protein content of 

okra at harvest. Among different levels of iron application of 50 kg ha-1 FeSO4 significantly 

higher protein content at harvest of okra (Ghritlahare et al., 2015). Seed inoculation with 

Azospirillum + PSB + foliar spray of zinc sulphate @ 0.5% recorded maximum protein 

content in coriander (Mounika et. al. 2017)    

 Jat et. al. (2017) reported in amaranth, protein content was significantly 

increased by individual application of zinc at 0.45 % and iron at 0.30 % concentration.  

  Sharma et. al. (2018) conducted experiment to study the effect of zinc on 

growth, yield and quality of okra. Results indicated that soil application of 7.5 zinc kg ha-1 

significantly enhanced the protein content (1.40 %). 

 Bhamare et. al. (2018) studied the effect of iron and zinc on quality and 

nutrient uptake of french bean on iron and zinc deficient inceptisol. Among the various 

treatments the application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @           

10 kg ha-1 significantly increased protein content of french bean. 

2.3.3 Influence of Iron and Zinc on Iron and Zinc Content of Seeds 

  Hossain et. al. (2008) reported that the Zn and N concentrations of maize 

grains were significantly increased with Zn application.  
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    Said-Al Ahl et. al. (2009) conducted experiment to study effect of 

spraying with zinc and / or iron on growth and chemical composition of coriander                     

(Coriandrum sativum L.) harvested at three stages of development. The results reported that 

the highest contents of zinc and iron in seeds produced from plants sprayed with 400 ppm 

zinc (118.30 ppm) and 400 ppm iron (395.00 ppm), respectively. 

    Pahlvan-Rad and Pessarakli (2009) reported that foliar application of Zn 

increased Zn concentration and Fe concentration in wheat grains 99 % and 8 % respectively. 

Foliar application of Fe resulted in a 21 % increased in Fe concentration and 13 % increased 

in Zn concentration respectively in grains.      

2.3.4 Influence of Iron and Zinc on Seed Germination 

            Palankar (2014) studied effect of major and micronutrients, plant spacing and 

stages of picking on seed yield and quality of cluster bean. The significantly higher 

germination percentage (93.08 %) and seedling vigour index (2889) were recorded by 

application of boron @ 0.1 per cent + zinc sulphate @ 0.5 per cent compare to other 

treatment but which was on par with zinc sulphate @ 0.5 per cent. 

  Rukeiya Begum (2014) studied effect of some micronutrients application on 

seed yield and quality in green gram. Maximum seed germination percentage has been 

observed with application of micronutrients mixture (94.0%) followed by zinc sulphate @          

25 kg ha-1 (91.6%) and borax @ 10kg ha-1 (91.0%). All the treatments had enhancing effects 

on seed vigour but the maximum effect was observed with application of micronutrients 

mixture (ZnSO4 @ 25kg ha-1  +  Borax @10 kg ha-1 + Ammonium molybdate @ 5g kg-1 seed 

+ Cobalt nitrate @ 1g kg-1 seed + Manganese dioxide @ 0.5%). Other treatments showing 

significantly higher enhancement of seed vigour were application of zinc sulphate @             

25 kg ha-1, borax @10 kg ha-1and foliar spray of MnO2.  

Diana et. al. (2015) conducted experiment on coriander cv CO4 to study 

impact of micronutrients. The study revealed that germination was enhanced by foliar spray 

of zinc, iron and copper (90%, 93% and 95%, respectively during rabi) and maximum 

germination was for the seeds of plants sprayed with zinc (94%) during kharif. 

2.3.5 Influence of Iron and Zinc on Seed Vigour Index 

            Palankar (2014) studied effect of major and micronutrients, plant spacing and 

stages of picking on seed yield and quality of cluster bean. The significantly higher seedling 

vigour index (2889) was recorded by application of boron @ 0.1 per cent + zinc sulphate @ 

0.5 per cent compare to other treatment but which was on par with zinc sulphate @                   

0.5 per cent. 
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Rukeiya Begum (2014) studied effect of some micronutrients application on 

seed yield and quality in green gram. All the treatments had enhancing effects on seed vigour 

but the maximum effect was observed with application of micronutrients mixture (ZnSO4 @ 

25 kg ha-1+ Borax @10 kg ha-1 + Ammonium molybdate @ 5g kg-1 seed + Cobalt nitrate @ 

1g kg-1 seed + Manganese dioxide @ 0.5%). Other treatments showing significantly higher 

enhancement of seed vigour were application of zinc sulphate @ 25 kg ha-1, borax @                 

10 kg ha-1 and foliar spray of MnO2.  

Diana et. al. (2015) conducted experiment on coriander cv CO4 to study 

impact of micronutrients. The study revealed that foliar spray of FeSO4 recorded highest 

vigour index (2780 in rabi and 1908 in kharif). 

2.4 Influence of Iron and  Zinc on Nutrient Uptake  

Navrot and Banin (1975) evaluated that tomato plant response to iron supply 

in various carrier forms. The effectiveness of a new carrier for iron supply Fe2+ and Fe3+ 

absorbed to montmorillonite clay was compared to the more conventional FeSO4, FeCl2, 

NaFe-EDTA, and HFe-EDDHA. In the greenhouse experiment, iron absorbed to clay and 

added to the soil is superior or similar in its effects on yield and iron uptake to chelated iron 

added in equivalent rates and to iron salts added at much higher rates. 

Samui et. al. (1981) observed that due to Zn and Fe application nitrogen 

content in seed of mustard increased. Total nitrogen and nitrogen uptake increased due to Fe 

and Zn application. Potassium uptake was also increased due to Fe application. 

EI-Naggar and Awad (1986) reported that the amounts of NPK content in leaf 

material were slightly increased by spraying plants (Visica faba) with iron. 

Abou-Hadid et. al. (1994) studied effect of different zinc concentrations in the 

nutrient solution on uptake and translocation of macro and micro nutrients in cucumber 

grown in nutrient film technique. Reducing zinc concentration in the nutrient solution 

reduced zinc concentration in the leaves and roots, and increased the percent of P and Mn 

concentration in the leaves and reduced it in the roots. In contrast, increasing zinc in the 

nutrient solution increased per cent of P and Mn concentration in the roots to toxic levels and 

reduced these elements in the leaves. 

Balasubramanium et. al. (1998) revealed that in tomato application of            

100 per cent soil test based NPK combined with zinc sulphate (50 kg ha-1) borax (10 kg ha-1) 

and compost coir pith (5 t ha-1) recorded the highest dry matter production and uptake of 

nutrients as also the residual soil fertility over the control and other treatment combinations. 

Raj et. al. (2001) conducted an investigation on the effect of soil application 

and foliar spray of Zn and Fe on yield and quality of brinjal. Significant increase in yield and 
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Zn and Fe content in fruit was recorded through respective application either through soil or 

foliage. The higher Fe content was recorded in combination treatment of 0.5 kg ha-1 boron 

with 2.5 kg ha-1 zinc (Varghese and Duraisami 2005). 

Bhatt and Srivastava (2006) conducted a field experiment to study the effect of 

foliar application of micronutrients viz., boron, zinc, molybdenum, copper, iron and 

manganese mixture of all and multiplex on the nutrient content of tomato shoot and fruits. 

Foliar spray of most of the micronutrients significantly increased the concentration of 

nitrogen, phosphorus, potassium, the accumulation of manganese and boron in fruits, in 

shoot also except nitrogen and potassium. The accumulation of other minerals was 

influenced significantly by micronutrients treatment. The application of mixture of 

micronutrients was found to be most effective for improving the nutritional content. 

Ghasemi-Fasaei and Ronaghi (2008) noticed that Fe application increased Fe 

uptake but decreased that of Mn, Zn and Cu uptake in wheat crop.    

Radder et. al. (2008) studied the response of okra to moisture regimes and 

micronutrients in Vertisols of Malaprabha Command, Karnataka. Response of okra was 

significant due to both irrigation levels as well as micronutrient application. Application of 

micronutrients increased the yield of okra. The N, P, K, Zn and Fe uptake by the crop was 

significant due to moisture levels and micronutrient application. 

Ravi (2008) noticed that application of sulphur, zinc and iron in safflower 

increased the uptake of nitrogen, phosphorus, potassium, sulphur, zinc and iron significantly.  

Sahu et. al. (2008) conducted experiment to study effect of micronutrient and 

biofertilizers on growth yield and nutrients uptake by chickpea (Cicer aeritinum L.) in 

Vertisol. In pursuance of total uptake of Zn, Fe and B, it was revealed that micronutrient 

treatments as well as biofertilizers inoculate significantly increased their uptake over control. 

The total zinc uptake significantly affected by micronutrients and biofertilizers application. 

Application of RDF + ZnSO4 recorded significantly highest Zn uptake (0.048 Zn kg ha-1) 

followed by treatment combinations of B, Mo, Zn and Fe (0.045 Zn kg ha-1). Similarly, the 

superiority of application of RDF with Mo in maintaining highest uptake of Fe (0.82 kg ha-1 

Fe) and B (0.6 kgha-1 B) indicates synergetic effect of no inoculation. 

  Savitha H. R. (2008) conducted experiment to study the effect of Fe-EDTA on 

yield and quality of red chilli in a calcareous soil. Highest potassium, sulphur and iron uptake 

were recorded in treatment receiving soil application of Fe-EDTA equivalent to FeSO4 at               

20 kg ha-1 + 0.5% foliar spray of Fe-EDTA at 50 and 90 DAT.  
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  Chandra Deo and Khandelwal (2009) noticed that application of Zn and P 

significantly increased the P and Zn uptake with increasing level of P and Zn, but P uptake 

decreased at higher level of Zn.  

 Hallur (2013) conducted experiment on zinc, iron and boron nutrition on yield, 

quality and nutrient uptake by cabbage. The uptake of nutrient was significantly influenced 

by application of zinc, iron and boron at all the stages of crop individually and in 

combination. Significantly the highest uptake of N, P, K and S was recorded with application 

of ZnSO4 @ 25kg ha-1 + Borax @ 2 kg ha-1 over RDF. Iron also interacted positively with a 

uptake of N, P, K and S. Uptake of micronutrients also increased significantly with 

application of the respective micronutrients alone or in combination over RDF. Application 

of ZnSO4 @ 25kg ha-1 + Borax @ 2 kg ha-1 recorded the significantly highest uptake of zinc 

and boron and this treatment was found to be better than their individual application which in 

turn might have improved the yield and quality of cabbage by increasing the availability of 

zinc and boron in soils of the experiment site which is deficient in these micronutrients. 

Though soil was adequate in iron, their was significant increase in uptake of iron. ZnSO4 @ 

25 kg ha-1 + FeSO4 @ 25 kg ha-1 + Borax @ 2 kg ha-1 showing good response crop to iron 

application however it was on par with ZnSO4 @ 25kg ha-1 + Borax @ 2 kg ha-1. 

Shivannanavar (2013) conducted experiment on studies of zinc and boron 

nutrition on yield, quality and nutrient uptake in cauliflower. The uptake of nutrients were 

positively influenced by the soil or foliar application of zinc and boron and their 

combinations. The significantly highest uptake of zinc and boron was recorded in the 

treatment receiving soil application of ZnSO4 @ 25 kg ha-1 along with borax @ 2 kg ha-1 and 

this treatment was found to be better than their individual soil or foliar application, which in 

turns might have increased the yield and quality of cauliflower by improving the availability 

of these micronutrient in the soil. 

Nagare (2014) studied effect of Fe and Zn on yield, nutrient uptake and quality 

of onion in inceptisol. Found that recommended dose of fertilizer (N 201.1: P 48.79 and K 

212.20 kg ha-1 Fe 2367.3 g ha-1 and Zn 1157.6 g ha-1) and recommended dose of fertilizer 

along with soil application of  FeSO4 + ZnSO4 @ 20 kg ha-1 improved uptake of nutrients 

by onion (N 190.4: P 44.74 and K 206.10 kg ha-1, Fe 2304.3and Zn 1102.3 g ha-1). The soil 

application of either iron or zinc along with recommended dose of fertilizer helped to 

increase the uptake of respective micronutrients. The foliar application of chelated iron or 

zinc could improve the uptake of these nutrients compared with the treatment recommended 

dose of fertilizers where no iron or zinc was applied. 
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 Arabhavi (2014) conducted experiment on knol-khol. The uptake of nutrients 

were significantly influenced by soil application of zinc and boron individually and in 

combination at all the stages of crop. Significantly the highest uptake of N, P, K and S was 

recorded with application of ZnSO4 @ 20 kg ha-1 + Borax @ 2.5 kg ha-1 along with RDF. 

Uptake of micronutrients also increased significantly with soil application of the respective 

micronutrients alone or in combination over RDF. Application of ZnSO4 @ 20 kg ha-1 + 

Borax @ 2.5 kg ha-1 recorded significantly highest uptake of zinc and boron. 

  Jadhav et. al. (2017) conducted effect of foliar spray and soil application of 

micronutrients on major nutrient content and uptake of coriander in lateritic soils of konkan 

region. The highest N uptake (27.57 kg ha-1) of coriander was obtained with the application 

of ZnSO4 @ 0.5 per cent foliar spray along with 100 per cent RDF and P, K and S uptake 

(4.43, 28.01 and 4.24 kg ha-1 respectively) of coriander was obtained with the application of 

ZnSO4 @ 20 kg ha-1 along with 100 per cent RDF. 

  Bhamare et. al. (2018) studied the effect of iron and zinc on quality and 

nutrient uptake of french bean on iron and zinc deficient inceptisol. Among the various 

treatments the application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @         

10 kg ha-1 significantly increased nutrient uptake by french bean.  

Khatemenla et. al. (2018) conducted experiment on onion. The highest Zn 

content in leaves (41.27 ppm) , N (1.49%), P (0.58%) and K (1.77%) content in leaves and    

N (1.60%), P (0.47%) and K (1.85%) content in bulbs were maximum in treatment 

combination of Zn 25 kg ha-1 + B 5 kg ha-1. 

2.5 Influence of Iron and Zinc on Soil Chemical Properties after Harvest 

  Anand Swarup (1981) reported that the available Zn and Cu remained 

unaffected due to Fe and Mn application. After crop harvest recovery of added Fe and  Mn 

by DTPA soil test was found to be 15.8%and 32.1% respectively.    

   Anand Swarup (1991) noticed that zinc application did not have any effect on 

soil pH, but there was significant improvement in available Zn. 

  Subrahmanyam et. al. (1991) reported that availability of Zn in soil after 

harvest increased with increasing Zn levels. They also found that zinc addition had no 

influence on availability of Fe but tended to increase availability of Mn. Zn application 

caused considerable increased in availability of P. 

  Akbari et. al. (2003) noticed that under various levels of zinc, iron, manganese 

and copper non-significant effect on pH was recorded. Organic carbon content of soil and 

available potash after harvest of crop were remained unchanged due to various treatments 

and their levels. 
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  Vyas et. al. (2003) reported that there was positive balance of available N, 

P2O5 and K2O in soil when soyabean fertilized either with FYM alone or along with 

micronutrients. Meena et. al. (2006) reported that the Zn and Fe enriched FYM enhanced 

DTPA – extractable Zn and Fe content of soil.  

   Jatav and Kumar (2008) reported significant decreased in available 

phosphorus with Zn and Fe application. While there was no significant  increase in available 

nitrogen and potassium. Available Zn increased with Zn application but not by Fe. Like wise 

Fe content increased significantly with Fe application, but decreased by application of Zn. 

Levels of Zn and Fe had little effect on CaCO3.    

 Elayaraja et. al. (2016) conducted experiment on effect of zinc fertilization on 

the growth, yield and nutrients uptake by bhendi in coastal sandy soil. The results of the 

study clearly showed that the yield benefit of the treatment Zn humate @ 30 kg ha-1 through 

soil application + foliar spray @ 0.5 per cent twice at 20 and 45 DAS along with 

recommended dose of NPK and composted coir pith @ 12.5 t ha-1 superior in increasing the 

growth, yield and nutrient uptake by bhendi. 

                      Mohammed (2015) conducted experiment on bitter gourd. The effect of silicon, 

boron and zinc application on soil nutrient status of N, P, K, Ca, Mg, S, Si, B, Zn, pH and EC 

was found to be significant.. Treatment application significantly influenced soil P2O5 and 

K2O content. Highest available P2O5 and K2O found in B-0.4% foliar + Zn-0.6% foliar +                    

Si-40 ppm in soil and B-0.4% foliar + Zn-0.6% foliar + Si-20 ppm in soil. 

Jagtap et. al. (2016) conducted experiment on cabbage. Reported that the 

application of general recommended dose of fertilizer with soil application of FeSO4 and 

ZnSO4 @ 20 kg ha-1 each at the time of transplantation was found beneficial for maintaining 

iron and zinc status in iron and zinc deficient soil in medium deep black soils of western 

Maharashtra. 

Thingujam et. al. (2016) carried out experiment on brinjal. The results 

revealed that treatment consisting of 75% RDF + Azospirillum + PSB + FeSO4 @ 50 kg ha-1 

recorded the highest available iron (26.14 kg ha-1) and the treatment consisting of 75% RDF 

+ Azospirillum + PSB + ZnSO₄ @ 25 kg ha-1 recorded the highest soil available                          

zinc (7.62 kg ha-1). 
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3. MATERIALS AND METHODS 

 

 The present investigation was undertaken to the study „Effect of iron and zinc 

nutrition on seed yield, nutrient uptake and quality of fenugreek                                     

(Trigonella foenum – graecum L.) in Inceptisol in rabi  season during 2017 on the research 

farm at National Agriculture Research Project, Ganeshkhind, Pune. The details regarding the 

materials used and methods followed during the course of investigation are presented in this 

chapter. 

3.1 Materials  

3.1.1. Selection of Experimental Site 

  The selection of experimental site was done on the basis of suitability of land 

for the cultivation of fenugreek. The land was uniformly levelled with good drainage. 

 3.2 Experimental Details 

1.  Crop                                         : Fenugreek 

2.  Variety                                     : Phule Kasturi (GKF-3) 

3.  Spacing                                    : 30 cm X 20 cm row length 

4.  Net Plot size                            : 

Gross Plot size     :                        

3.00 m X 2.40 m 

3.60 m X 3 m 

5.  Season                           : Rabi (2017) 

6.  Design                                      : Randomized Block Design  

7.  Number of treatments          :        11 

8.  Number of replications        : 3 

9.  Sowing date                            : 29 /10/ 2017 

10.  Recommended dose of           :    

fertilizer                  

40:80:80 kg ha-1 N:P2O5:K2O + FYM 10 t ha-1 

11.  Harvesting date                      :    12 / 3 /2018 

 

3.3 Soil  

The field experiment was conducted on Inceptisol soil. The soil was deficient 

in DTPA extractable iron and zinc content. A composite soil sample from the experimental 

site was collected and processed for analysis of soil properties and fertility. Initial                

physio-chemical properties of soil are presented below (Table 3.1). 
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Table 3.1:Initial physico-chemical properties of soil 

Sr. No. Soil properties Value 

A. Physical  properties   

1. Particle size distribution   

       i. Sand (%) 26.08 

      ii. Silt (%) 27.11 

     iii. Clay (%) 46.15 

2. Textural class Clay loam 

B. Chemical properties  

1.   pH (1:2.5) 8.15 

2.  Electrical conductivity (dS m-1)  0.14 

3.  Organic carbon (g kg-1) 6.60 

4. Calcium carbonate (%) 3.25 

5. Available N (kg ha-1) 313.60 

6. Available P (kg ha-1) 30.19 

7. Available K (kg ha-1) 752.64 

8. DTPA-extractable micronutrients (mg kg-1)  

 i. Iron 4.10 

 ii. Zinc 0.40 

 iii. Manganese 12.70 

 iv. Copper 5.00 

 

Table 3.2 : Chemical properties of FYM 

Sr. No. FYM properties Value 

1. Nitrogen (%) 0.54 

2. Phosphorous (%) 0.24 

3. Potassium (%)      0.51 

4. Iron (mg kg-1)       619 

5. Zinc (mg kg-1)        26 

6. Manganese (mg kg-1)        41 

7. Copper (mg kg-1) 08 

 

 

 

 

  

 

 



20 
 

 

    3.4 Treatment Details 

T1 - GRDF (40:80:80 kg ha-1, N:P2O5:K2O + FYM 10 t ha-1) 

T2 - GRDF + Water spray  

T3 - GRDF + Foliar spray of chelated  Fe @ 0.1% 

T4 - GRDF + Foliar spray of chelated  Fe @ 0.2% 

T5 - GRDF + Foliar spray of chelated  Zn @ 0.1% 

T6 - GRDF + Foliar spray of chelated  Zn @ 0.2% 

T7 - GRDF + Foliar spray of chelated  Fe + Zn @ 0.1%  each 

T8 - GRDF + Foliar spray of chelated  Fe + Zn @ 0.2%  each 

T9 - GRDF + Soil application of FeSO4 @ 15 kg ha-1 

T10 - GRDF + Soil application of ZnSO4 @ 10 kg ha-1 

T11 - GRDF + Soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1  

Note:  

 1.Source of elements-  i) Iron- Chelated iron 12%    ii) Zinc- Chelated zinc 12%   

 2. Three foliar sprays of chelated micronutrients at 8 days of interval after germination. 

 3. Soil application of micronutrients was done at the time of sowing.   

 4. The FeSO4 (12 % iron) and ZnSO4 (12% zinc) were incubated for 15 days in FYM before 

application in soil. 

3.5 Details of Operation 

3.5.1 Field Experiment Operations 

The various field operations were carried out timely during the course of 

investigations are presented below. 

3.5.2 Preparation of Experimental Plots 

The land was brought to a good tilth by ploughing and harrowing, a spacing of 

0.5m between two replications and 0.5 m between two plots were provided for laying out the 

irrigation channel and bunds respectively.  

3.5.3 Sowing 

The sowing of fenugreek seeds cv Phule Kasturi (GKF-3) was done in rabi 2017 on 

25/10/2017. 

3.5.4 Manures and Fertilizers 

 Urea, SSP, MOP, zinc sulphate and iron sulphate were obtained from Zonal 

Agricultural Research Station Ganeshkhind, Pune, Maharashtra, India. Half dose of nitrogen 

and total P2O5 and K2O was applied at the time of sowing and remaining half dose of N was 
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given 30 days after sowing. Soil application of ZnSO4 @ 10 kg ha-1 and FeSO4 @ 15 kg ha-1 

was done separately and in combination at the time of sowing. 

3.5.5 Gap Filling  

 Gap filing was done with fresh seeds after seven to ten days of sowing to maintain 

plant population in the field. 

3.5.6 Irrigation  

 First irrigation was done immediately after sowing and thereafter every eight days 

interval. Normal cultural practices i.e. weeding, irrigation etc. were carried out as and when 

required.  

3.5.7 Foliar Application of Chelated Zinc and Chelated Iron 

             Three foliar applications of Chelated zinc 12 per cent and Chelated iron 12 per cent 

were done @ 0.1 per cent and 0.2 per cent respectively, alone and in combination in 8 days 

interval after germination.  

3.5.8 Harvesting 

The succulent pods were harvested. The harvested pods were further used for 

different observations and analysis purpose. The fenugreek plants were uprooted carefully 

for yield and nutrient uptake studies. 

3.6 Field Studies  

Ten plants were selected at random and tagged in each treatment and 

replication. The observations were recorded on various parameters of plant growth of 

fenugreek at different crop growth stages. The mean value of the data observed was taken to 

represent a particular treatment with respect to character. 

3.6.1 Observations Recorded 

A]  Plant: 

1. Plant height (cm): Plant height of tagged plants was measured by wooden scale.  

2.  Number of branches per plant: Number of primary branches produced per plant 

were recorded from tagged plants by counting the number of branches at the time of 

flowering. 

3. Number of trifoliate leaves: Number of trifoliate leaves were counted from tagged 

plants. 

4. Germination of seeds: 100 seeds were taken and kept for germination purpose on 

germination paper (crape craft paper) in germinator i.e. towel paper method. After 15 

days, germinated seeds were counted to obtain germination percentage. (ISTA Rules 

for Seed Testing, 1993). 
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5. Viability of seeds: It was calculated in the seed testing laboratory by using 1 per cent 

tetrazolium solution (the topographical tetrazolium test) (ISTA Rules for Seed 

Testing, 2009a). 

6. Seed vigour index: It was calculated by multiplying germination percentage with 

average seedling height. (Abdul Baki and Anderson, 1973) 

7. Number of pods per plant: The number of pods produced by the tagged plants were 

recorded and the average number of pods produced per plant were worked out 

8. 1000 grains weight: The weight of 1000 grain seeds were counted from the sample 

drawn randomly from the finally winnowed and cleaned produce of plot. 

9. Seed yield plot-1: After complete sun drying, fenugreek pods were picked up and 

harvested bundles of each plot were weighed for seed yield . 

10. Nutrient uptake : The uptake of N, P, K and micronutrients viz. Fe, Zn, Cu and Mn  

at harvest in plant samples were estimated by estimating concentration of each 

nutrient and dry matter yield of fenugreek. 

11. Protein content: The per cent crude protein content in seed was calculated by 

multiplying per cent nitrogen content of seed with a factor 6.25. 

12. Total chlorophyll content : It was calculated from leave samples at 50% flowering 

by colorimetry method using 80% acetone (Arnon, 1949). 

13. Iron and Zinc content in seed :  Fe and Zn content in seed samples were obtained by 

using atomic absorption spectrophotometer after wet diacid digestion by nitric acid 

and perchloric acid. 

14. Plant weight at harvesting : Single plant from each plot was carefully uprooted and 

used to calculate plant weight. 

B] Soil 

A composite soil sample was collected from experimental field                         

(0-30 cm depth) before sowing of fenugreek. The soil samples (0-30 cm depth) were 

collected after harvest of fenugreek from all the treatments. The soil samples were air dried, 

ground in wooden pestle and mortar and sieved to pass through a 2 mm sieve. The processed 

soil samples were used for determination of various parameters by adopting standard 

methods of analysis. 

i) Initial soil analysis was carried for estimation of pH, electrical conductivity, CaCO3, 

organic carbon, soil available N, P, K and DTPA micronutrients. 

ii) Soil analysis at harvest was carried for estimation of pH, electrical conductivity, soil 

available N, P, K, organic carbon and DTPA micronutrients. 
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3.7 Preparation of Plant Samples for Analysis  

3.7.1. Plant Sampling 

             The pods and leaf samples were collected at harvest. These samples were dried 

in diffuse sunlight under laboratory condition then in oven at 70℃ temperature till constant 

weight was obtained. The leaves and seeds were ground to fine powder. This fine powder 

was used for chemical analysis. The oven dried samples were digested for analysis of N, P, K 

and micronutrients by wet diacid digestion by nitric acid and perchloric acid. 

3.7.2. Chemical Analysis 

  The soil and plant samples were analysed for different parameters in the 

laboratory by standard analytical methods (Table 3.2). 

   Table 3.3: Method used for soil, FYM and plant analysis 

 A. Soil analysis:  

Sr.No. Parameters Methods References 

1. Textural   class Hydrometer method Bouyoucos (1962) 

2. pH (1:2.5) Potentiometric Jackson (1973) 

3. EC (1:2.5) Conductometric Jackson (1973) 

4. Organic carbon Wet oxidation Nelson and  Sommer (1982) 

5. CaCO3 Acid neutralization Piper (1966) 

6. Available N Alkaline permanganate 

method 

Subbiah and Asija  (1956) 

7. Available P 0.5 M  NaHCO3 (pH 8.5) Watanabe and Olsen (1965) 

8. Available K 5 N NH4OAc Knudsen et. al. (1982) 

9. DTPA- 

micronutrients 

Atomic Absorption  

Spectrophotometer 

Lindsay and 

Norvell (1978) 

 

B. Methods used for FYM analysis 

Sr. No.    Parameters               Methods               References 

1.  Total N Micro Kjeldahl Jackson (1973) 

2.  Total P Vandomolybdate yellow method 

colour in nitric acid system 

Jackson (1973) 

3.  Total K Flame Photometer Chapman and Pratt 

(1961) 

4.  DTPA 

Micronutrients 

Atomic Absorption  

Spectrophotometer 

Zoroski and Burau  

(1977) 
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     B. Plant analysis:  

Sr. 

No. 

Parameters Methods References 

1. Total N Micro – Kjeldahl Jackson (1973) 

2. Total P Vandomolybdate yellow 

method colour in nitric acid 

system 

Jackson (1973) 

3. Total K Flame photometer Chapman and Pratt 

(1961) 

4. Chlorophyll 

content 

80% acetone Colorimetry Arnon (1949) 

5. DTPA 

Micronutrients 

Atomic Absorption 

Spectrophotometer 

Zoroski and Burau  

(1977) 

3.8 Statistical Analysis 

       The data on various biometrical parameters recorded during the period of 

investigation was tabulated and subjected to statistical analysis using randomized block 

design (RBD) described by Panse and Sukhatme (1967). The test of significance („f‟-test) 

and critical difference (CD) were read at five per cent probability. 

     The quantitative observations in total chlorophyll content at 50% flowering, 

iron and zinc content in seeds, germination of seeds, viability of seeds and seed vigour index 

were recorded. Hence statistical analysis was not done for these parameters. 
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4. RESULTS AND DISCUSSION 

 

  The micronutrients play a vital role in crop production. These micronutrients 

not only helpful for higher production but they play important role in improvement in quality 

of produce. The study on effect of micronutrients on seed yield, nutrient uptake and quality 

of fenugreek was undertaken. The results obtained under this study are presented in this 

chapter.   

4.1 Influence of Iron and Zinc Application on Growth Parameters of Fenugreek. 

   The data pertaining to the influence of iron and zinc on growth parameters of 

fenugreek viz., plant height, number of branches and number of trifoliate leaves presented in 

the Table 4.1. 

4.1.1 Plant Height (cm)  

 The application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 

10 kg ha-1 at the time of sowing showed significantly higher plant height (29.83 cm) which 

was at par with T8 (GRDF + Foliar spray of chelated  Fe + Zn @ 0.2%  each) (29.60 cm),                       

T6 (GRDF + Foliar spray chelated  Zn @ 0.2%) (28.63 cm), T7 (GRDF + Foliar spray of 

chelated Fe+Zn @ 0.1%  each), T5 (GRDF + Foliar spray of chelated  Zn @ 0.1%)                

(27.70 cm) and T10 (GRDF + Soil application of ZnSO4 @ 10 kg ha-1) (27.33 cm). Further, it 

was also observed that each micronutrient either foliar spray or soil application significantly 

increased plant height as compared to water spray. (Table 4.1). 

  The foliar application of chelated iron @ 0.2% increased plant height 

significantly over the treatment T1 (GRDF) (24.23 cm). Further it was also noticed that foliar 

application of chelated zinc at both concentrations i.e. 0.1% and 0.2% could increase plant 

height significantly over T1 (GRDF). The combined application of chelated iron and zinc to 

fenugreek had also significant effect on plant height.  

 The increase in height of plant might be due to effective role of micronutrients. 

The plant treated with Zn shows increase in plant height due to its role in synthesis of 

tryptophan (Shukla et. al., 2009), which is a precursor of auxin (IAA) and essential in 

nitrogen metabolism, stimulates growth. The findings discussed above are in conformity with 

reports made by Barman and Pal (1993), Jauhari et al. (2005) and Halder et. al. (2007) and 

Choudhary et. al. (2015) on fennel. On the other hand, Iron is a component and ferrodoxine 

an electron transferring protein and is associated with chloroplast. It helps in photosynthesis 

might have resulted in better vegetative growth. These results confirms the findings reported 

by Hatwar et. al. (2003). 
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Table 4.1: Influence of iron and zinc application on growth parameters of fenugreek. 

 

4.1.2  Number of Branches per Plant 

  The number of branches per plant was significantly higher in T11 (GRDF + soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) treatment (3.53) closely followed 

by and at par with T10 (GRDF + Soil application of ZnSO4 @ 10 kg ha-1) (3.50), T8 (GRDF + 

Foliar spray of chelated of Fe + Zn @ 0.2%  each) (3.47) and T9 (GRDF + Soil application of 

FeSO4 @ 15 kg ha-1), T7 (GRDF + Foliar spray of chelated  Fe + Zn @ 0.1%  each) (3.33) 

and T4 (GRDF + Foliar spray of chelated iron (0.2%) (3.30) (Table 4.1). 

   The numbers of branches were significantly increased due to application of 

iron and zinc either applied through foliar sprays or soil application to fenugreek crop. 

  The increase in number of branches per plant might be due to zinc and iron act 

as the activator of several enzymes, alcoholic dehydrogenase, pyridine zinc and iron also 

favour the storage of more carbohydrates through photosynthesis, which may in turn be the 

attributing factor for the positive effect on growth attributes (Senthamizhselvi, 2000). The 

Treatment 

No. 
Treatments 

Plant 

height 

(cm) 

Number of 

branches 

plant-1 

No. of 

Trifoliate 

leaves 

T1 GRDF  24.23 2.80 44.63 

T2 GRDF + Water spray 25.17 2.87 44.17 

T3 
GRDF + Foliar spray of chelated 

iron (0.1%) 
26.70 3.13 46.10 

T4 
GRDF + Foliar spray of chelated 

iron (0.2%) 
26.87 3.30 48.33 

T5 
GRDF + Foliar spray of chelated 

zinc (0.1%) 
27.70 3.20 50.40 

T6 
GRDF + Foliar spray of chelated 

zinc (0.2%) 
28.63 3.27 52.23 

T7 

GRDF + Foliar spray of chelated 

iron (0.1%) + Foliar spray of 

chelated zinc (0.1%) 

27.70 3.33 56.37 

T8 

GRDF + Foliar spray of chelated 

iron (0.2 %) + Foliar spray of 

chelated zinc (0.2%). 

29.60 3.47 63.73 

T9 
GRDF + Soil application of FeSO4 

@ 15 kg ha-1 
26.13 3.33 57.30 

T10 
GRDF + Soil application  of  ZnSO4 

@ 10 kg ha-1 
27.33 3.50 58.13 

T11 

GRDF + Soil application of FeSO4 

@ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 29.83 3.53 66.70 

 SEM + 0.87 0.08 0.73 

 CD (0.05) 2.59 0.25 2.17 
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finding discussed above are in conformity with report made by Kuldeep et. al. (2018) in 

chickpea. 

4.1.3 Number of Trifoliate Leaves 

   In case of trifoliate leaves the treatment T11, (GRDF + soil application of 

FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) registered significantly higher trifoliate leaves 

(66.70) over rest of the treatments, (Table 4.1).  

  The trifoliate leaves were registered significantly higher due to micronutrients 

application as compared to T1 (GRDF). The combined application of micronutrients showed 

higher response in respect of trifoliate leaves of fenugreek. 

  Higher number of trifoliate leaves are observed because micronutrients 

activate several enzymes and involved themselves in chlorophyll synthesis and various 

physiological activities by which plant growth and development are encouraged (Kumar and 

Aurora, 2000). These findings are in accordance with the results of Deshmukh and                     

Wavhal (1999), Barman and pal (1999) and Kumar et al.(2003), Saleha Tawab et. al. (2015) 

on brinjal, Ghritlahare et. al. (2015) on okra and Veer et. al. (2018) on onion. 

   In general, the application of micronutrients viz. iron and zinc to fenugreek 

grown in iron and zinc deficient soils found beneficial for growth of fenugreek crop. 

4.2 Influence of Iron and Zinc Application on Yield Parameters of Fenugreek. 

  The data pertaining to yield parameters as influenced by micronutrient 

application are presented in Table 4.2. 

4.2.1 Plant Weight at Harvest 

 The plant weight at harvest was also recorded (Table 4.2). It was clearly 

indicated that the GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 

recorded significantly higher plant weight at harvest over rest of the treatments. 

  The application of iron and zinc showed promising response in case of plant 

weight at harvest as compared to treatment T1 (GRDF). The increase in plant weight at 

harvest ranged from 11.65 g to 18.35 g due to various treatments. 

  Among foliar sprays, 0.2% concentration of chelated iron i.e. T4 treatment 

(13.35 g) and chelated zinc i.e. T6 treatment (13.39 g) found superior. The combined 

application of chelated iron and chelated zinc showed significantly higher values of plant 

weight at 0.2% foliar sprays (14.33 g). Soil application of FeSO4 and ZnSO4 registered at par 

plant weight at harvest. 

  Increased plant weight due to micronutrients application may be attributed to 

enhanced photosynthesis activity and increased in production and accumulation of 

carbohydrates and favorable effect on vegetative growth. Kumbhar and Deshmukh (1993) 
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and Bose and Tripathi (1996) revealed that the increased in dry matter production may be 

attributed to greater accumulation of photosynthates by vegetative parts. The presence of 

zinc activates the synthesis of tryptophan, precursor of IAA and it is responsible to stimulate 

plant growth. Fe plays vital role in promoting growth characters being a component of 

ferrodoxin and electron transport protein and is associated with chloroplast, helps in 

photosynthesis might have caused better vegetative growth. It was reported that use of iron 

increases plant weight by Saimbhi et. al. (1979) on okra.   

4.2.2 1000 Grain Weight 

                The observation on 1000 grain weight showed that treatment T11 (GRDF + Soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) reported significantly higher 1000 

grain weight (12.85 g) closely followed by and at par with T8 (GRDF + Foliar spray of 

chelated  Fe + Zn @ 0.2%  each) (12.71 g ), T7 (GRDF + Foliar spray of chelated  Fe + Zn @ 

0.1% each) (12.35 g) and T6 (GRDF + Foliar spray of chelated Zn @ 0.2%)                   

(12.10 g) compared among all rest of the treatments (Table 4.2). These findings are in 

confirmatory with reports recorded by (Zou et. al. 2007) and Abid Ali et. al. (2017) on lentil. 

4.2.3 Number of Pods per Plant 

  It could be observed from the data, that the soil application of FeSO4 @           

15 kg ha-1 + ZnSO4 @ 10 kg ha-1 along with GRDF registered significantly higher number of 

pods (32.27). However, this was at par with treatment T8, GRDF + foliar sprays of chelated 

iron (0.2%) + chelated zinc (0.2%) (31.23) (Table 4.2). 

Application of zinc and iron produces healthy green plants by synthesizing 

chlorophyll, growth promoting substances and mobility of minerals, water, photosynthesis 

and amino acids from the source to sink which may in turn increase the pod production and 

ultimately pod yield. Similar findings were also reported by Nag and Biswas (2002)  

Balkrishnan et. al. (2007) and Naveenkumar et. al. (2009), Abid Ali et. al. (2017) on lentil 

and Mahobiya (2016) on fenugreek. 

4.2.4  Seed Yield 

  The soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 recorded 

significantly higher seed yield (9.12 ql ha-1). This was closely followed by treatments T8 

(GRDF + Foliar spray of chelated Fe + Zn @ 0.2% each) (8.98 ql ha-1) and T10 (GRDF + Soil 

application of ZnSO4 @ 10 kg ha-1) (8.85 ql ha-1) (Table 4.2). 

 Further it is interesting to note that the foliar sprays of chelated zinc found 

significantly superior for increasing seed yield of fenugreek. The seed yield was increased 

from 8.46 ql ha-1 to 9.12 ql ha-1. 
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Increased yield might be due to micronutrients helps in nitrogen assimilation 

and synthesis of protein and also because of catalytic role in activation of enzymes 

(Chaturvedi et. al. 1986). Mahesh Kumar and Sen (2005) reported that the increase in yield 

of okra due to application of zinc through soil. These results were in agreement with findings 

of Jhon et al. (1997) and Mukherjee et. al. (1998), Choudhary et. al.(2015) on fennel,                  

Abid Ali et. al.(2017) on lentil and Kuldeep et. al. (2018) on chickpea. 

In general, the application of iron and zinc found promising for increasing 

yield parameters of fenugreek. 

Table 4.2: Influence of iron and zinc application on yield parameters of fenugreek. 

 

 

 

 

 

 

Treatment 

No. 
Treatments 

Plant 

weight at 

harvest (g) 

1000 grain 

weight (g) 

No. of 

pods per 

plant 

Seed 

yield  

(ql ha
-1

) 

T1 GRDF  11.65 11.37 16.63 8.46 

T2 GRDF + Water spray 11.15 11.27 17.30 8.49 

T3 
GRDF + Foliar spray of 

chelated iron (0.1%) 
12.25 11.67 21.00 8.56 

T4 
GRDF + Foliar spray of 

chelated iron (0.2%) 
13.35 11.75 24.20 8.62 

T5 
GRDF + Foliar spray of 

chelated zinc (0.1%) 
12.55 11.88 22.57 8.73 

T6 
GRDF + Foliar spray 

ofchelated zinc (0.2%) 
13.39 12.10 25.97 8.77 

T7 

GRDF + Foliar spray of 

chelated iron (0.1%) + Foliar 

spray of chelated zinc 

(0.1%) 

14.33 12.35 24.23 8.78 

T8 

GRDF + Foliar spray of 

chelated iron (0.2 %) + 

Foliar spray of chelated zinc 

(0.2%). 

16.52 12.71 31.23 8.98 

T9 
GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 
15.71 11.58 26.87 8.74 

T10 
GRDF + Soil application  of  

ZnSO4 @ 10 kg ha-1 
14.95 11.84 27.33 8.85 

T11 

GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 + ZnSO4 

@ 10 kg ha-1 
18.35 12.85 32.27 9.12 

 SEM + 0.50 0.26 0.79 0.06 

 CD (0.05) 1.50 0.77 2.33 0.22 



30 
 

4.3 Influence of Iron and Zinc Application on Qualitative Parameters of Fenugreek 

                  The data pertaining to Influence of iron and zinc application on qualitative 

parameters of fenugreek are presented below. 

      The quantitative observations in total chlorophyll content at 50% flowering, 

iron and zinc content in seeds, germination of seeds, viability of seeds and seed vigour index 

were recorded. Hence statistical analysis was not done for these parameters. 

4.3.1 Total Chlorophyll Content at 50% Flowering 

  The data on influence of iron and zinc on chlorophyll content at 50% 

flowering of fenugreek are presented in table 4.3. Total chlorophyll content was significantly 

higher in T11 (GRDF + Soil application FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1)                 

(31.11 mg 100 g-1 fresh weight ) closely followed by T9 (GRDF + Soil application of FeSO4 

@ 15 kg ha-1) (30.75 mg 100 g-1 fresh weight) and T8 (GRDF + Foliar spray chelated Fe + Zn 

@ 0.2% each) (30.55 mg 100 g-1 fresh weight). 

There was higher  magnitudes of total chlorophyll where iron application was 

done as compared to zinc application. The soil application of FeSO4 recorded higher value of 

total chlorophyll content (30.75 mg 100 g-1 fresh weight). Increase in chlorophyll content 

was from 26.23 to 31.11 mg 100 g-1 fresh weight. 

  Increase in total chlorophyll content might be due to iron plays vital role in 

promoting growth characters being a component of ferrodoxin, and electron transport protein 

and is associated with chloroplast. It helps in photosynthesis might have helped in better 

chlorophyll content. Zinc is associated with 59 kinds of enzymes which regulates several 

vital physiological functions in plants it also governs the synthesis of chlorophyll 

tryptophan and ascorbic acid in plants. The increase in total chlorophyll content either 

through soil or foliar application of iron and zinc might have associated with saccharide 

metabolism, photosynthesis and protein synthesis. Iron has important function in plant 

mechanism such as photorespiration, the glycolate pathway and chlorophyll content                 

Miller et. al. (1995). Similar findings were reported by Karuppaiah (2006) and                      

Arif et. al. (2016) on garlic. 

4.3.2 Protein Content 

The treatment T11 i.e. soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @                

10 kg ha-1 recorded significantly higher protein content (25.92%). This was closely followed 

by treatments T10 (GRDF + Soil application of ZnSO4 @ 10 kg ha-1 and T8 (GRDF + Foliar 

spray of chelated Fe + Zn @ 0.2% each) (25.46%). (Table 4.3). However the treatment T11 

was significantly superior over rest of the treatments. 
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            The increase in protein content content either through soil or foliar application 

of iron and zinc might have associated with increase in nitrogen content. As iron plays 

important role in nitrogen fixation and energy transfer. Zinc regulates several vital 

physiological functions in plants. There are 59 kinds of zinc containing enzymes. Zinc is a 

constituent of metalloenzymes and an activator of metalloenzyme complexes as well as 

being involved in the allosteric regulation of enzymes by virtue of its ability to modify 

enzyme conformation. The protein synthesis suffers due to the reduced activity of nitrate 

reductive and other enzymes. Hence application of zinc has showed positive effect on the 

protein content. Similar findings were also reported by Ghritlahare et. al. (2015) on okra and 

Jat et. al. (2017) on amaranth. 

Table 4.3: Influence of iron and zinc application on chlorophyll content and protein  

content of fenugreek. 

 

4.3.3 Iron and Zinc Content in Seed 

The data pertaining to iron and zinc content in seeds are presented in         

Table 4.4. It was clearly noticed that there was remarkable increase in iron content in seed 

due to application of iron to fenugreek. The treatment T11 (GRDF + Soil application of FeSO4 

@ 15 kg ha-1 +ZnSO4 @ 10 kg ha-1) registered higher iron content in seed (34.90 mg kg-1) 

followed by T9 (GRDF + Soil application of FeSO4 @ 15 kg ha-1) (34.20 mg kg-1). The 

Treatment 

No. 
Treatments 

Total 

chlorophyll 

content 

(mg 100 g-1 

fresh weight) 

Protein 

content 

(%) 

T1 GRDF  26.23 25.09 

T2 GRDF + Water spray 27.62 25.11 

T3 GRDF + Foliar spray of chelated iron (0.1%) 29.25 25.21 

T4 GRDF + Foliar spray of chelated iron (0.2%) 29.29 25.21 

T5 GRDF + Foliar spray of chelated zinc (0.1%) 28.25 25.29 

T6 GRDF + Foliar spray ofchelated zinc (0.2%) 28.90 25.21 

T7 
GRDF + Foliar spray of chelated iron (0.1%) 

+ Foliar spray of chelated zinc (0.1%) 
29.79 25.25 

T8 
GRDF + Foliar spray of chelated iron (0.2 %) 

+ Foliar spray of chelated zinc (0.2%). 
30.55 25.46 

T9 
GRDF + Soil application of FeSO4 @             

15 kg ha-1 
30.75 25.29 

T10 
GRDF + Soil application  of  ZnSO4 @                 

10 kg ha-1 
28.75 25.46 

T11 

GRDF + Soil application of FeSO4 @           

15 kg ha-1 + ZnSO4 @ 10 kg ha-1 31.11 25.92 

 SEM +  0.08 

 CD (0.05)  0.22 
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application of iron either through soil or foliar could increase iron content in seed. Values 

ranged from 25.20 to 34.90 mg kg-1. Application of zinc either through foliar or soil could 

helped to improve zinc content in seed. The higher content of zinc in seed was observed in 

treatment T11 (GRDF + Soil application of FeSO4 @ 15 kg ha-1 +ZnSO4 @ 10 kg ha-1)              

(71.20 mg kg-1) followed by T10 (GRDF + Soil application of ZnSO4 @ 10 kg ha-1)                   

(69.90 mg kg-1) (Table 4.4). 

 The increase in content of iron due to FeSO4 might be attributed to easy 

availability of iron from FeSO4. The ZnSO4 plays synergetic effect for availability of iron. 

Pahlvan-Rad and Pessarakli (2009) reported that foliar application of Zn increased Zn 

concentration and Fe concentration in wheat grains 99 % and 8 % respectively.                

Hossain et. al. (2008) reported that the Zn and N concentrations of grains were significantly 

increased with Zn application.  

  In general application of iron and zinc to fenugreek promises to increase iron 

and zinc content in seed respectively. 

Table 4.4: Influence of iron and zinc application on iron and zinc content in fenugreek 

seed. 

 

 

 

Treatment 

No. 
Treatments 

Iron content 

in seed 

(mg kg-1) 

Zinc content 

in seed 

(mg kg-1) 

T1 GRDF  25.20 40.30 

T2 GRDF + Water spray 26.80 48.20 

T3 
GRDF + Foliar spray of chelated iron 

(0.1%) 
30.80 55.40 

T4 
GRDF + Foliar spray of chelated iron 

(0.2%) 
31.50 55.30 

T5 
GRDF + Foliar spray of chelated zinc 

(0.1%) 
28.50 60.20 

T6 
GRDF + Foliar spray of chelated zinc 

(0.2%) 
29.00 67.70 

T7 

GRDF + Foliar spray of chelated iron 

(0.1%) + Foliar spray of chelated zinc 

(0.1%) 

31.10 61.40 

T8 
GRDF + Foliar spray of chelated iron (0.2 

%) + Foliar spray of chelated zinc (0.2%). 
33.40 69.50 

T9 
GRDF + Soil application of FeSO4 @            

15 kg ha-1 
34.20 60.20 

T10 
GRDF +  Soil application  of  ZnSO4 @                    

10 kg ha-1 
32.10 69.90 

T11 

GRDF + Soil application of FeSO4 @            

15 kg ha-1 + ZnSO4 @ 10 kg ha-1 34.90 71.20 
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4.3.4 Germination of Seeds 

             The data on iron and zinc application on seed quality of fenugreek (Table 4.5) 

showed that there was 89% germination of seeds due to treatment GRDF + soil application 

of  FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 closely followed by T10 (GRDF + Soil 

application ZnSO4 @ 10 kg ha-1) (3.50) (87%) and T8 (GRDF + Foliar spray chelated  Fe + 

Zn @ 0.2% each) (86%) which was higher over T1 (GRDF (40:80:80 kg ha-1 N:P2O5:K2O) + 

FYM 10 t ha-1) (76%) (Table 4.5). 

   The germination of fenugreek seed was increased due to iron and zinc 

application either through foliar spray or through soil. However the zinc application to 

fenugreek showed significantly higher values of germination of fenugreek seeds. 

 The increase in seed germination may be due to the participation of 

micronutrients in catalytic activity and breakdown of complex substances into simple forms 

like glucose, amino acids and fatty acids. Due to active role of different micronutrients in 

meristimatic growth, nitrogen assimilation, hormonal biosynthesis, protein synthesis and 

photosynthetic process. Similar results were also recorded by Rajput et. al. (2003) and 

Girwani et. al. (1990). Plant needs iron to produce chlorophyll and to activate several 

enzymes including those involved in the oxidation / reduction processes of photosynthesis 

and respiration. Zinc is an important for the formation and activity of chlorophyll and in 

the functioning of several enzymes and growth hormone auxin. These results confirms the 

findings reported by Hatwar et. al. (2003) and Suryawanshi (2010). 

4.3.5 Viability of Seeds 

 The viability of seed was higher in T11 (GRDF + soil application of  FeSO4 @ 

15 kg ha-1 + ZnSO4 @ 10 kg ha-1) (93.62%) treatment closely followed by T10 (GRDF + Soil 

application of ZnSO4 @ 10 kg ha-1) (89.26%) and T8 (GRDF + Foliar spray chelated  Fe+Zn 

@ 0.2% each) (87.78%) compared to T1 (GRDF (40:80:80 kg ha-1 N:P2O5:K2O) + FYM          

10 t ha-1) (81.38%) (Table 4.5). 

 The viability of seed was also influenced due to iron and zinc application. 

Among different foliar treatments the application of zinc showed promising results over 

foliar application of iron as far as viability of seeds is concerned. The increase in viability of 

fenugreek due to micronutrients might be due to their role in fundamental processes 

involved in cellular mechanism and respiration. These findings confirms the results 

reported by Srihari et. al. (1987), Medhi and Kakati (1994), Singh and Hooda (1992) and 

Suryawanshi (2010).  
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Table 4.5: Influence of iron and zinc application on seed quality of fenugreek. 

 

4.3.6 Seed Vigour Index 

  The seed vigour index was higher in T11 (GRDF + soil application of  FeSO4 

@ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) (1618) closely followed by T8 (GRDF + Foliar spray 

chelated Fe + Zn @ 0.2% each) (1564) compared over T1 (GRDF (40:80:80 kg ha-1 

N:P2O5:K2O)  (1195). It was ranged from 1195 to 1617 (Table 4.5). 

  Micronutrients application have a great influence on vegetative growth, 

because they enhance the availability of micronutrients and also activate the plant defence 

mechanism result in vegetative growth (Bashir et. al. 2013). The obtained results are in 

conformity with those of El-Khayat (1999), Gomaa, (2001), Yadav et. al. (2002) and             

Samia and Mahmoud (2009) also Nahed and Laila (2007), Farahat et. al. (2007) and                 

Rawia et. al. (2010). 

  In general, the qualitative parameters viz. germination of seeds, viability of 

seeds and seed vigour index found to be increased due to application of iron and zinc to 

fenugreek. 

 

 

Treatment 

No. 
Treatments 

Germination 

of seeds (%) 

Viability 

of seeds 

(%) 

Seed vigour 

index 

T1 GRDF 76 81.38 1195 

T2 GRDF + Water spray 79 84.35 1232 

T3 
GRDF + Foliar spray of chelated iron 

(0.1%) 
81 86.96 1288 

T4 
GRDF + Foliar spray of chelated iron 

(0.2%) 
82 85.74 1394 

T5 
GRDF + Foliar spray of chelated zinc 

(0.1%) 
84 87.56 1463 

T6 
GRDF + Foliar spray of chelated zinc 

(0.2%) 
85 89.32 1471 

T7 

GRDF + Foliar spray of chelated iron 

(0.1%) + Foliar spray of chelated zinc 

(0.1%) 

83 86.66 1427 

T8 

GRDF + Foliar spray of chelated iron      

(0.2%) + Foliar spray of chelated zinc 

(0.2%). 

86 87.78 1564 

T9 
GRDF + Soil application of FeSO4 @ 

15 kg ha-1 
81 84.56 1328 

T10 
GRDF + Soil application  of  ZnSO4 

@ 10 kg ha-1 
87 89.26 1556 

T11 

GRDF + Soil application of FeSO4 @           

15 kg ha-1 + ZnSO4 @ 10 kg ha-1 89 93.62 1618 
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4.4 Influence of Iron and Zinc Application on Macronutrient Nutrient Uptake of 

Fenugreek 

  The N, P and K uptake by fenugreek was influenced significantly by the 

different treatments (Table 4.6). 

4.4.1 Nitrogen Uptake 

  There was significant increase in nitrogen uptake (112.82 kg ha-1) due to 

application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1. The 

uptake of nitrogen was ranged from 87.93 kg ha-1 to 112.82 kg ha-1 (Table 4.6). 

The increase in nitrogen uptake through soil application of iron and zinc might 

have associated with increase in nitrogen content. As iron plays important role in nitrogen 

fixation and energy transfer. These findings are in supportive to earlier results reported by 

Samui et. al. (1981), Balasubramanium et. al. (1998), Bhatt and Srivastava (2006),         

Radder et. al. (2008) and Ravi (2008). The synergistic effect of zinc with nitrogen might 

have attributed to increase in nitrogen uptake by fenugreek. These findings are in accordance 

with the results of Savitha (2008) on red chilli and Jadhav et. al. (2017) on coriander. 

4.4.2 Phosphorus Uptake 

  In case of uptake of phosphorous, significantly higher uptake was registered in 

T11 (GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) (4.66 kg ha-1) 

and at par with T7 (GRDF + Foliar spray of chelated Fe + Zn @ 0.1%  each) (4.52 kg ha-1), 

T4 (GRDF + Foliar spray of chelated  Fe@ 0.2%) (4.51 kg ha-1), T8 (GRDF + Foliar spray of 

chelated  Fe + Zn @ 0.2%  each)  (4.48 kg ha-1) and T3 (GRDF + Foliar spray of chelated  Fe 

@ 0.1%) (4.21 kg ha-1) (Table 4.6). 

 It indicated that soil application of ZnSO4 showed antagonistic effect in 

respect of uptake of phosphorus. Similar antagonistic effect of Zn in respect of P uptake has 

been reported by Hossain et. al. (2008) and Chandra Deo and Khandelwal (2009). The 

amounts of NPK content in leaf material were slightly increased by spraying plants       

(Visica faba) with iron (EI-Naggar and Awad 1986). The application of sulphur, zinc and 

iron increased uptake of NPK significantly over control (Ravi et. al. 2008).  
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Table 4.6: Influence of iron and zinc application on macronutrient uptake by 

fenugreek. 

 

4.4.3 Potassium Uptake 

 The uptake of potassium was significantly higher in T11, GRDF + soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 (49.29 kg ha-1) over all rest of 

treatments. The uptake of potassium ranged from 30.62 to 49.29 kg ha-1(Table 4.6). 

  The combined application of FeSO4 + ZnSO4 showed significantly higher uptake of 

potassium than individual application of FeSO4 and ZnSO4 either through foliar spray or 

through soil. All treatments exhibited significant increase in uptake of potassium over water 

spray. Samui et. al. (1981) reported that potassium uptake was increased due to Fe 

application. 

 In general, the uptake of macronutrients viz. NPK were greatly influenced by 

soil application of FeSO4 and ZnSO4 to fenugreek. The application of iron and zinc when 

applied under deficient condition might have helped for better uptake of NPK by fenugreek 

crop. The synergistic effect of zinc with potassium might have attributed to increase in 

Treatment 

No. 
Treatments 

Nitrogen  Phosphorous      Potassium  

(kg ha
-1

) 

T1 GRDF  87.93 3.94 30.62 

T2 GRDF + Water spray 88.50 3.74 33.02 

T3 
GRDF + Foliar spray of chelated 

iron (0.1%) 
94.97 4.21 37.43 

T4 
GRDF + Foliar spray of chelated 

iron (0.2%) 
95.42 4.51 37.98 

T5 
GRDF + Foliar spray of chelated 

zinc (0.1%) 
91.72 4.31 38.60 

T6 
GRDF + Foliar spray of chelated 

zinc (0.2%) 
93.07 4.17 34.73 

T7 

GRDF + Foliar spray of chelated 

iron (0.1%) + Foliar spray of 

chelated zinc (0.1%) 

95.64 4.52 38.07 

T8 

GRDF + Foliar spray of chelated 

iron (0.2%) + Foliar spray of 

chelated zinc (0.2%). 

101.67 4.48 37.38 

T9 
GRDF + Soil application of FeSO4 

@ 15 kg ha
-1

 
90.82 3.82 33.72 

T10 
GRDF + Soil application  of  ZnSO4 

@ 10 kg ha
-1

 
97.07 4.04 35.69 

T11 

GRDF + Soil application of FeSO4 

@ 15 kg ha
-1

 + ZnSO4@ 10 kg ha
-1 112.82 4.66 49.29 

 SEM + 3.47 0.16 1.34 

 CD (0.05) 10.30 0.46 3.97 
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potassium uptake by fenugreek. These findings are in accordance with the results of              

Savitha (2008) on red chilli, by Jadhav et. al. (2017) on coriander.  

4.5 Influence of Iron and Zinc Application on Micronutrient Uptake by Fenugreek.  

  The data on influence of iron and zinc on nutrient uptake of fenugreek is 

presented in table 4.7. 

4.5.1 Iron Uptake 

  There was significant increase in uptake of iron by fenugreek due to 

application of  GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1         

(389 g ha-1) and another treatment GRDF + foliar sprays of chelated iron and zinc @ 0.2% 

each (356 g ha-1). These treatments were at par with each other and superior over rest of the 

treatments (Table 4.7). 

             The application of chelated iron to fenugreek when applied through foliar 

sprays significantly increased iron uptake. It was also noticed that the foliar sprays of 

chelated zinc could also helped to increase iron uptake. It might be due to complimentary 

influence of zinc for iron uptake. The combined application of chelated iron and zinc showed 

beneficial effect for iron uptake by fenugreek.  

             The increase in uptake of iron due to FeSO4 might be attributed to easily 

availability of iron from FeSO4. The ZnSO4 plays synergetic effect for availability of iron. 

The uptake of Fe by the crop significantly increased up to 5 ppm, and decreased at higher 

level of Zn application (Subrahmanyam et. al. 1991).  

4.5.2 Zinc Uptake 

  There was significant influence of micronutrients application on uptake of zinc 

by fenugreek. The treatment T11 (GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 

@ 10 kg ha-1) showed significant increase in zinc uptake (159 gm ha-1) over all rest of the 

treatments (Table 4.7). 

  Foliar sprays of chelated zinc registered significantly higher uptake of iron 

when compared to treatment T1 (GRDF) (114 g ha-1) and T2 (GRDF + Water spray)                 

(114 g ha-1). 

  Chandra Deo and Khandelwal (2009) noticed that application of Zn and P 

significantly increased the P and Zn uptake. The application of ZnSO4 might have supplied 

sufficient quantity of zinc to the crop resulting in its better uptake. The addition of ZnSO4 

along with FeSO4 found beneficial.  

  The soil application of FeSO4 and ZnSO4 increased the uptake of iron and zinc 

respectively. This might be due to supply of iron and zinc to fenugreek immediately after it 

started vegetative growth. 
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4.5.3 Manganese Uptake 

  The application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 

@ 10 kg ha-1 recorded significantly higher uptake of manganese (263 g ha-1). This was 

closely followed by two treatments T8 (GRDF + Foliar spray chelated Fe + Zn @ 0.2%  

each) (239 g ha-1 ). Both these treatments significantly superior over rest of the treatments    

(Table 4.7). 

Table 4.7: Influence of iron and zinc application on micronutrients uptake by  

fenugreek. 

 

4.5.4 Copper Uptake 

The application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 

10 kg ha-1 (68.67 gm ha-1) and treatment T8 (62.33 gm ha-1 ) (GRDF + Foliar spray chelated  

Fe + Zn @ 0.2%  each) registered at par uptake of copper and significantly superior over rest 

of the treatments.  

Treatment 

No. 
Treatments 

Fe 

(g ha-1) 

Zn 

(g ha-1) 

Mn 

(g ha-1) 

Cu 

(g ha-1) 

T1 GRDF  306 114 208 48 

T2 GRDF + Water spray 310 114 209 53 

T3 
GRDF + Foliar spray of 

chelated iron (0.1%) 
334 121 224 56 

T4 
GRDF + Foliar spray of 

chelated iron (0.2%) 
339 123 228 57 

T5 
GRDF + Foliar spray of 

chelated zinc (0.1%) 
320 127 218 56.67 

T6 
GRDF + Foliar spray 

ofchelated zinc (0.2%) 
327 130 220 58 

T7 

GRDF + Foliar spray of 

chelated iron (0.1%) + 

Foliar spray of chelated 

zinc (0.1%) 

338 133 228 57.33 

T8 

GRDF + Foliar spray of 

chelated iron (0.2 %) + 

Foliar spray of chelated 

zinc (0.2%). 

356 140 239 62.33 

T9 
GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 
321 122 213 56.33 

T10 
GRDF + Soil application  of  

ZnSO4 @ 10 kg ha-1 
338 138 228 59.33 

T11 

GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 + 

ZnSO4 @ 10 kg ha-1 
389 159 263 68.67 

 SEM + 12.15 4.66 8.20 2.14 

 CD (0.05) 36.09 13.86 24.38 6.34 
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  Foliar feeding of nutrients have become an established procedure to increase yield 

and quality of produce (Romemheld, 1999). It may actually promote root absorption of the 

same nutrients or other nutrients through improving root growth and increasing nutrient 

uptake (Saqib et. al. 2006).  

   In general, the iron and zinc application to fenugreek helped to increase uptake 

of nutrients. 

4.6 Influence of Iron and Zinc on Soil Chemical Properties after Harvest of Fenugreek. 

4.6.1 Soil pH 

  The data pertaining to soil pH as influenced due to micronutrient application to 

crop fenugreek differed non-significantly. The pH values after harvest of crop ranged 

between 8.15 to 8.16 (Table 4.8). 

4.6.2 Electrical Conductivity of Soil 

   The electrical conductivity of soil showed non-significant effect of various 

treatments. The electrical conductivity of soil was registered within 0.16 to 0.17 dS m-1 after 

harvest of the crop (Table 4.8). 

Table 4.8: Influence of iron and zinc application on soil chemical properties after  

harvest of fenugreek. 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment 

No. 
Treatments pH 

EC 

(dS m-1) 

Organic 

carbon  

(g kg-1) 

T1 GRDF  8.16 0.16 6.30 

T2 GRDF + Water spray 8.16 0.17 6.30 

T3 
GRDF + Foliar spray of chelated iron 

(0.1%) 
8.16 0.17 6.20 

T4 
GRDF + Foliar spray of chelated iron 

(0.2%) 
8.15 0.16 6.30 

T5 
GRDF + Foliar spray of chelated zinc 

(0.1%) 
8.16 0.17 6.30 

T6 
GRDF + Foliar spray of chelated zinc 

(0.2%) 
8.15 0.17 6.20 

T7 

GRDF + Foliar spray of chelated iron 

(0.1%) + Foliar spray of chelated zinc 

(0.1%) 

8.16 0.17 6.10 

T8 
GDRF + Foliar spray of chelated iron (0.2 

%) + Foliar spray of chelated zinc (0.2%). 
8.16 0.17 6.20 

T9 
GRDF + Soil application of FeSO4 @         

15 kg ha-1 
8.15 0.16 6.30 

T10 
GDRF + Soil application  of  ZnSO4 @   

10 kg ha-1 
8.16 0.17 6.30 

T11 

GRDF + Soil application of FeSO4 @      

15 kg ha-1 + ZnSO4 @ 10 kg ha-1 8.15 0.17 6.40 

 SEM + 0.004 0.006 0.06 

 CD (0.05) NS NS NS 
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4.6.3 Soil Organic Carbon Content 

  The organic carbon of the soil remained unaffected due to iron and zinc 

application to fenugreek crop. The organic carbon was observed in the range of 6.10 g kg-1 to 

6.40 g kg-1 due to different treatments (Table 4.8). 

  The soil organic carbon was decreased in all treatments when compared with 

initial soil organic carbon (6.60 g kg-1). The decrease in organic carbon might be attributed to 

better mineralization of organic matter. Akbari et. al. (2003) noticed that under various levels 

of zinc, iron, manganese and copper the soil pH and organic carbon content of soil after 

harvest of crop were remained unchanged. 

4.6.4 Available Nitrogen 

   The data on influence of iron and zinc on available nutrients viz, N, P and K 

are presented in table 4.9. The perusal of data indicated that there was significantly higher 

available nitrogen content in all the treatments over T1 (GRDF (40:80:80 kg ha-1 

N:P2O5:K2O) + FYM 10 t ha-1) and T2 (GRDF + Water spray) The available N content was 

ranged from 334 to 361.33 kg ha-1.  

 The increase in soil available nitrogen content might be due to effect of soil 

test with progressive inclusion of deficient nutrients, Rao Subba et. al. (2009). The results 

are in confirmity with the findings of Bhattacharyya et. al. (2004). 

4.6.5 Available Phosphorous 

   There was not significant effect of iron and zinc application to fenugreek on 

available phosphorous in soil. The values ranged from 32.00 to 37.67 kg ha-1 (Table 4.9). 

4.6.6 Available Potassium 

   The available potassium was also observed significantly higher in all 

treatments over T1 (GRDF (40:80:80 kg ha-1 N:P2O5:K2O + FYM 10 t ha-1) and                                

T2 (GRDF + water spray). The magnitude of available potassium ranged from 745.33 kg ha-1 

to 777.33 kg ha-1 (Table 4.9). 

 The increased availability of K with FYM application might be due to 

solubilisation action of certain organic acids produced during decomposition of organic 

manures and its greater capacity to hold K in available form in soil. Similar beneficial effect 

of organic manures in increasing soil K were reported earlier Pawar et. al. (1997) and             

Sharma et. al. (2001). 
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Table 4.9: Influence of iron and zinc application on available nutrients after harvest  

of fenugreek. 

 

4.6.7 DTPA Iron 

   The data on available DTPA micronutrients are presented in table 4.10. The 

DTPA iron in soil after harvest of fenugreek influenced by iron and zinc application to 

fenugreek clearly showed that there was significant increase in DTPA iron in                                

T9 (GRDF + Soil application of FeSO4 @ 15 kg ha-1) (4.73 mg kg-1) and T11 (GRDF + Soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) (4.87 mg kg-1) where GRDF + soil 

application of FeSO4 @ 15 kg ha-1 was done. It was interesting to note that the soil which 

was deficient in DTPA iron content before experimentation was found sufficient in         

DTPA iron content after harvest of the crop when soil application of FeO4 @ 15 kg ha-1 was 

done to fenugreek. 

Treatment 

No. 
Treatments 

Available nutrients (kg ha-1) 

Av. N Av. P Av. K 

T1 GRDF  334 34.00 745 

T2 GRDF + Water spray 337 32.00 747 

T3 
GRDF + Foliar spray of chelated 

iron (0.1%) 
345 34.33 767 

T4 
GRDF + Foliar spray of chelated 

iron (0.2%) 
352 35.67 765 

T5 
GRDF + Foliar spray of chelated 

zinc (0.1%) 
357 37.67 761 

T6 
GRDF + Foliar spray of chelated 

zinc (0.2%) 
358 36.33 764 

T7 

GRDF + Foliar spray of chelated 

iron (0.1%) + Foliar spray of 

chelated zinc (0.1%) 

362 34.67 771 

T8 

GRDF + Foliar spray of chelated 

iron (0.2 %) + Foliar spray of 

chelated zinc (0.2%). 

361 35.67 769 

T9 
GRDF + Soil application of FeSO4 

@ 15 kg ha-1 
353 33.00 777 

T10 
 GRDF + Soil application  of  

ZnSO4 @ 10 kg ha-1 
354 34.33 768 

T11 

GRDF + Soil application of FeSO4 

@ 15 kg ha-1 + ZnSO4@                 

10 kg ha-1 
361 34.33 759 

 SEM + 4.00 1.73 6.02 

 CD (0.05) 12 NS 18 
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  Meena et. al. (2006) reported that the Zn and Fe enriched FYM enhanced 

DTPA extractable Zn and Fe content of soil. These results are in accordance with the results 

recorded by Teke (2009). 

 

Table 4.10: Influence of iron and zinc application on available DTPA micronutrients  

after harvest of fenugreek. 

 

4.6.8 DTPA Zinc 

  Significant increase in DTPA zinc in soil was recorded where soil application 

of ZnSO4 @ 10 kg ha-1 with GRDF was done in T10 (GRDF + Soil application ZnSO4 @             

10 kg ha-1) (0.67 mg kg-1) and T11 (GRDF + Soil application FeSO4 @ 15 kg ha-1 + ZnSO4  @            

10 kg ha-1) (0.66 mg kg-1) (Table 4.10). Treatment T10 (0.67 mg kg-1) and T11 (0.66 mg kg-1) 

brought zinc to sufficient level in soil. This increase in Fe and Zn content of soil might be 

due to addition of FeSO4, ZnSO4 and FYM. FYM might have also contributed in addition of 

Fe and Zn content in soil. 

Treatment 

No. 
Treatments 

Fe 

( mg kg-1) 

Zn 

(mg kg-1) 

Mn 

(mg kg-1) 

Cu 

(mg kg-1) 

T1 GRDF  4.20 0.40 11.67 4.37 

T2 GRDF + Water spray 4.13 0.41 12.43 4.40 

T3 
GRDF + Foliar spray of 

chelated iron (0.1%) 
4.37 0.41 12.73 5.20 

T4 
GRDF + Foliar spray of 

chelated iron (0.2%) 
4.37 0.42 12.57 4.73 

T5 
GRDF + Foliar spray of 

chelated zinc (0.1%) 
4.13 0.43 12.43 5.17 

T6 
GRDF + Foliar spray of 

chelated zinc (0.2%) 
4.13 0.44 12.57 4.93 

T7 

GRDF + Foliar spray of 

chelated iron (0.1%) + Foliar 

spray of chelated zinc (0.1%) 

4.30 0.44 12.37 4.90 

T8 

GRDF + Foliar spray of 

chelated iron (0.2 %) + Foliar 

spray of chelated zinc (0.2%). 

4.37 0.44 12.27 4.93 

T9 
GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 
4.73 0.43 12.30 4.933 

T10 
GRDF + Soil application  of  

ZnSO4 @ 10 kg ha-1 
4.20 0.67 12.47 5.03 

T11 

GRDF + Soil application of 

FeSO4 @ 15 kg ha-1 + ZnSO4 

@ 10 kg ha-1 
4.87 0.66 12.43 5.07 

 SEM + 0.09 0.01 0.45 0.26 

 CD (0.05) 0.27 0.04 NS NS 
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  It indicated that there was improvement of soil iron and zinc content in soil 

due to application of FeSO4 and ZnSO4 respectively in soil.   

  In general, it was clearly noticed that foliar application of chelated iron and 

chelated zinc mitigated the need of iron and zinc of crop. However, the soil application of 

FeSO4 @ 15 kg ha-1 and ZnSO4 @ 10 kg ha-1 had not only mitigated the need of iron and zinc 

of fenugreek but improved the DTPA iron and DTPA zinc status in soil. 

  Meena et. al. (2006) reported that the Zn and Fe enriched FYM enhanced 

DTPA extractable Zn and Fe content of soil. These results resemble the results reported by 

Teke (2009). The application of FYM in addition to foliar or soil application of Fe and Zn 

mitigate the requirement of crop and resulted increase in Fe and Zn content of soil after 

harvest of fenugreek. This could be attributed to the direct contribution of FYM to nutrient 

pool and its beneficial effect either through complexation or metabolism of native Fe and Zn 

(Nand Ram and Verloo, 1985). Similar finding have also been reported by                                

Singh et. al. (2009). 

4.6.9 DTPA Manganese 

  The content of manganese remained significantly unchanged due to iron and 

zinc application to fenugreek (Table 4.10). 

4.6.10 DTPA Copper 

  The content of copper remained significantly unchanged due to iron and zinc 

application to fenugreek (Table 4.10). 
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5. SUMMARY AND CONCLUSION 

    The field experiment was conducted on Inceptisol to study the response of 

fenugreek to iron and zinc during rabi season of 2017. The results obtained during this 

investigation are summarized and presented in following subheads: 

5.1 Growth Parameters 

     The application of micronutrient either through foliar spray or soil 

significantly influenced the growth parameters of fenugreek as compared to water spray. 

Among various treatments,  application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + 

ZnSO4 @ 10 kg ha-1 at the time of sowing show significantly higher plant height (29.83 cm) , 

The number of branches per plant (3.53) and trifoliate leaves (66.70) over rest of the 

treatments. 

5.2 Yield Parameters  

  It was clearly indicated that GRDF + soil application of FeSO4 @ 15 kg ha-1 + 

ZnSO4 @ 10 kg ha-1 recorded significantly higher plant weight (18.35 g), 1000 grain weight 

(12.85 g), seed yield (9.12 ql ha-1) and higher no. of pods per plant (32.27) over rest of all 

treatments.  

5.3 Qualitative Parameters 

The total chlorophyll content @ 50% flowering (31.11 mg 100 g-1 fresh 

weight) and protein content (25.92%) were significantly higher in T11 treatment (GRDF + 

soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1). 

The treatment T11 registered higher iron content in seed (34.9 mg kg-1) 

followed by T9 (GRDF + Soil application of FeSO4 @ 15 kg ha-1) (34.2 mg kg-1). The 

application of iron either through soil or foliar could increase iron content in seed.  

   The application of zinc either through foliar or soil could helped to improve 

zinc content in seed. Remarkably higher content of zinc in seed was observed in treatment 

T11 (71.2 mg kg-1) followed by T10 (GRDF + Soil application of ZnSO4 @ 10 kg ha-1)                

(69.9 mg kg-1). 

Also higher (89%) germination of seeds was observed, due to treatment T11, 

(GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1). The viability of 

seed (93.62%) and seed vigour index (1618) were higher in T11 (GRDF + soil application of 

FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1) over rest of the treatments.  

 

 

 



45 
 

5.4 Nutrient Uptake 

5.4.1 Macronutrient Uptake 

  The data in respect of nutrients uptake revealed that significant increase in 

nitrogen uptake (112.82 kg ha-1) due to application of  treatment T11, GRDF + soil 

application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1. In case of uptake of phosphorous 

(4.66 kg ha-1) and uptake of potassium (49.29 kg ha-1) were significantly higher in T11 over 

all rest of treatments.  

    It is observed that treatment T11 (GRDF + soil application of FeSO4 @              

15 kg ha-1 + ZnSO4 @ 10 kg ha-1) showed significantly higher uptake of macronutrients.  

5.4.2 Micronutrient Uptake 

  The application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 

@ 10 kg ha-1 recorded significantly higher uptake iron (389 mg kg-1), zinc uptake                         

(159 mg kg-1), uptake of manganese (263 mg kg-1) and copper (68.67 mg kg-1). This 

treatment significantly superior over rest of the treatments. 

5.5 Soil Chemical Properties after Harvest of Fenugreek 

5.5.1 Soil Properties 

                There was no significant influence of iron and zinc application either through 

foliar or soil on soil pH, electrical conductivity and organic carbon content in soil.  

5.5.2Soil Available Macronutrients 

  There was significantly higher available nitrogen in all the treatments over                

T1 (GRDF) and T2 (GRDF + Water spray). There was not significant effect of iron and zinc 

application to fenugreek on available phosphorous in soil. Available potassium was also 

observed significantly higher in all treatments over T1 (GRDF) and T2 (GRDF+ Water spray). 

5.5.3 Soil Available Micronutrients 

  The soil application of Fe and Zn fertilizers significantly altered the DTPA 

extractable Fe and Zn content in soil after harvest of fenugreek. There was significant 

increase in DTPA iron in T9 (GRDF + Soil application of FeSO4 @ 15 kg ha-1 (4.73 mg kg-1) 

and T11 (4.87 mg kg-1) where GRDF + soil application of FeSO4 @ 15 kg ha-1 was done. 

Similar increase in DTPA zinc in soil was recorded where soil application of ZnSO4 @        

10 kg ha-1 along with GRDF was done in T10 (GRDF + Soil application of ZnSO4 @               

10 kg ha-1) (0.67 mg kg-1) and T11 (0.66 mg kg-1). The content of manganese and copper 

remained significantly unchanged due to iron and zinc application to fenugreek.    
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CONCLUSION 

The field experiment was conducted on Inceptisol to study the response of 

fenugreek cv. Phule Kasturi (GKF-3) to iron and zinc during Rabi season of 2017-2018. The 

results obtained during this investigation are summarized as: 

The foliar application of iron and zinc could helped to increase growth, yield 

and quality parameters of fenugreek grown in iron and zinc deficient soil. However, the 

application of GRDF + soil application of FeSO4 @ 15 kg ha-1 + ZnSO4 @ 10 kg ha-1 to 

fenugreek not only helped to improve growth, yield and quality parameters of fenugreek but 

it helped to built up iron and zinc content respectively in iron and zinc deficient soil. 
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