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Fenugreek (Trigonella foenum-graecum L.) is an important seed spice and medicinal crop 

whose productivity is often constrained by micronutrient deficiencies, particularly zinc (Zn) and 

iron (Fe). Balanced application of these essential micronutrients plays a crucial role in 

improving plant growth, physiological processes, yield, and nutrient uptake. Therefore, the 

present investigation was conducted to evaluate the effect of different levels of zinc and iron on 

the growth, chlorophyll content, yield attributes, yield, and nutrient uptake of fenugreek under 

controlled conditions. The experiment was conducted using a Completely Randomized Design 

(CRD) comprising different combinations of zinc and iron with appropriate replications. 

Standard agronomic and crop management practices were followed throughout the experimental 

period. Observations were recorded on plant height, number of branches, dry matter 

accumulation, chlorophyll content, yield attributes, seed and straw yield, and nutrient uptake. 

The collected data were statistically analysed using analysis of variance (ANOVA). The 

combined application of zinc and iron significantly improved plant growth, chlorophyll content, 

yield attributes, seed yield, straw yield, and nutrient uptake over the control. Among the 

treatments, the combined application of Zn and Fe produced superior crop performance, 

indicating a synergistic effect of these micronutrients. The improvement in growth and 

productivity was attributed to enhanced chlorophyll synthesis, increased enzymatic activity, 

improved photosynthetic efficiency, and better absorption and translocation of essential 

nutrients. Balanced micronutrient nutrition also resulted in greater nutrient uptake and overall 

improvement in crop performance. The study demonstrates that integrated application of zinc 

and iron is an effective micronutrient management strategy for enhancing the growth, 

productivity, and nutrient uptake of fenugreek. The findings provide useful information for 

developing sustainable nutrient management practices for fenugreek cultivation in 
micronutrient-deficient soils. Future field-based investigations across diverse agro-climatic 

regions are recommended to validate the experimental findings under farmers' field conditions. 
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Introduction 
 

Fenugreek (Trigonella foenum-graecum L.) is an 

important annual leguminous seed spice belonging to the 

family Fabaceae. It is widely cultivated in India and 

several Mediterranean and Asian countries for its 

culinary, medicinal, and industrial uses. The seeds and 

tender leaves are rich sources of protein, dietary fibre, 

vitamins, minerals, and bioactive compounds such as 

diosgenin, trigonelline, and galactomannan, which 

contribute to its high nutritional and therapeutic value. 

Owing to its diverse applications in the food, 

pharmaceutical, and nutraceutical industries, the demand 

for fenugreek has increased considerably in recent years. 
 

India is the world's leading producer, consumer, and 

exporter of fenugreek. Despite its economic importance, 

the productivity of the crop is often limited by 

imbalanced nutrient management and widespread 

deficiencies of essential micronutrients, particularly zinc 

(Zn) and iron (Fe). Continuous cultivation, intensive 

cropping systems, and inadequate replenishment of 

micronutrients have resulted in declining soil fertility and 

reduced crop productivity in many agricultural regions. 

 

Zinc is an essential micronutrient required for numerous 

physiological and biochemical processes in plants. It 

functions as a structural and catalytic component of 

several enzymes and plays a crucial role in protein 

synthesis, auxin metabolism, membrane integrity, 

chlorophyll formation, and photosynthesis. Zinc 

deficiency adversely affects plant growth, leaf 

development, reproductive processes, and ultimately crop 

yield and quality. 
 

Iron is another indispensable micronutrient involved in 

chlorophyll biosynthesis, electron transport, respiration, 

nitrogen metabolism, and several oxidation–reduction 

reactions. Although iron is abundant in most soils, its 

availability to plants is often limited under alkaline and 

calcareous soil conditions. Iron deficiency results in 

chlorosis, reduced photosynthetic activity, poor biomass 

accumulation, and lower crop productivity. 
 

Balanced application of zinc and iron has been reported 

to improve vegetative growth, chlorophyll content, 

nutrient uptake, yield attributes, and quality in several 

agricultural crops. However, information regarding the 

combined effect of these micronutrients on fenugreek 

under the prevailing agro-climatic conditions remains 

limited. Moreover, the optimum combination of zinc and 

iron for maximizing crop performance and nutrient 

uptake has not been adequately established. Therefore, 

the present investigation was undertaken to evaluate the 

effect of different levels of zinc and iron on the growth, 

chlorophyll content, yield attributes, yield, and nutrient 

uptake of fenugreek. The findings of this study are 

expected to contribute to the development of efficient 

micronutrient management strategies for sustainable 

fenugreek production in micronutrient-deficient soils. 

 

Materials and Methods 
 

Experimental site and physiographic 

characteristics 
 

A pot experiment was conducted during the 2024–2025 

growing season at the Department of Soil Science and 

Agricultural Chemistry, Institute of Agricultural 

Sciences, Bundelkhand University, Jhansi, Uttar Pradesh, 

India. Jhansi is located at approximately 25.45° N 

latitude and 78.57° E longitude, at an elevation of about 

285 m above mean sea level. The experimental site 

represents the semi-arid agro-climatic conditions of the 

Bundelkhand region of Uttar Pradesh. 
 

The experiment was designed to evaluate the influence of 

zinc (Zn) and iron (Fe) fertilization, individually and/or 

in combination, on the growth, yield, and nutrient uptake 

of fenugreek (Trigonella corniculata L.) under controlled 

pot conditions. 
 

Collection and preparation of experimental soil 
 

A representative bulk surface soil sample was collected 

from the 0–15 cm soil depth of the Agricultural Research 

Farm, Bundelkhand University, Jhansi. The collected soil 

was air-dried under ambient laboratory conditions, gently 

crushed, and passed through a 2-mm sieve to remove 

stones, plant residues, and other coarse materials. 
 

Approximately 6 kg of processed soil was weighed and 

filled into each polythene-lined experimental pot. The 

soil was thoroughly homogenized before filling the pots 

to minimize variation in the initial soil properties among 

experimental units. Representative soil samples were 

retained for the determination of selected 

physicochemical and available nutrient properties prior to 

experimentation. 

 

Experimental crop and variety 
 

Fenugreek (Trigonella corniculata L.), belonging to the 
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family Fabaceae (Leguminosae), was selected as the test 

crop. The cultivar 'Pusa Kasuri', commonly cultivated for 

its tender aromatic foliage and repeated leaf harvests, 

was used in the experiment. 

 

Experimental design and treatments 

 
The experiment was conducted using a Completely 

Randomized Design (CRD) appropriate for pot culture 

experiments. The experimental treatments consisted of 

different levels and combinations of zinc and iron, 

including an untreated control. Zinc and iron treatments 

were applied according to the predetermined 

experimental treatment structure. 

 
The treatments should be reported in the manuscript 

using a consistent format such as: 
 

T₁ = Control (no Zn and Fe) 
T₂ = Zn₁ 
T₃ = Zn₂ 
T₄ = Fe₁ 
T₅ = Fe₂ 
T₆ = Zn₁ + Fe₁ 
T₇ = Zn₁ + Fe₂ 
T₈ = Zn₂ + Fe₁ 
T₉ = Zn₂ + Fe₂ 
  

Each treatment was maintained in the specified number 

of replications under uniform experimental conditions. 

The pots were arranged randomly to minimize positional 

effects. 

 

Sowing and crop establishment 
 

Fenugreek seeds were sown on 15 November 2024. 

Twenty seeds were uniformly sown in each pot at an 

appropriate depth. Following seed germination and 

establishment, seedlings were thinned to maintain six 

healthy and uniformly distributed plants per pot. 

Thinning was performed carefully to minimize 

disturbance to the remaining plants. 

 

Crop harvesting and leaf sampling 

 
The fenugreek crop was harvested through successive 

manual leaf pickings. Four harvests were undertaken 

during the experimental period: 

First harvest: 15 December 2024 

Second harvest: 30 December 2024 

Third harvest: 14 January 2025 

Fourth and final harvest: 13 February 2025 

 
Fresh, marketable leaves were manually collected from 

each pot at each harvest. The harvested leaf material was 

weighed for determination of fresh biomass and 

subsequently processed for dry matter and nutrient 

analysis. 

 
Following the final harvest, the plants were uprooted 

carefully from the soil surface/base. Plant materials were 

shade-dried initially to minimize moisture-related 

deterioration and contamination and were subsequently 

retained in appropriately labelled paper bags for further 

laboratory analysis. 

 

Assessment of growth parameters 
 

Germination period 
 

The number of days required for seed germination was 

recorded for each treatment. Germination was considered 

when visible emergence of seedlings occurred. The mean 

germination period was calculated for each treatment. 

 

Plant height 
 

Plant height was measured at 30, 45, 60, and 90 days 

after sowing (DAS) and at harvest. Height was recorded 

from the soil surface to the apical growing point using a 

measuring scale and expressed in cm plant⁻¹. 
Measurements were taken from representative plants 

within each pot and averaged for statistical analysis. 

 

Number of leaves 
 

The number of fully developed green leaves per plant 

was recorded at 30, 45, 60, and 90 DAS. The 

observations were averaged and expressed as number of 

leaves plant⁻¹. 
 

Number of branches 
 

The number of primary branches produced per plant was 

recorded at 30, 45, 60, and 90 DAS. The observations 

were expressed as branches plant⁻¹. 
 

Internode length 
 

Internode length was measured at the designated 
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observation stage by measuring the distance between 

successive nodes using a ruler and expressed in cm. 

 

Chlorophyll content 
 

Leaf chlorophyll status was assessed using a SPAD 

chlorophyll meter at 30, 45/40, 60, and 90 DAS. 

Measurements were taken from fully expanded, 

representative leaves while avoiding damaged or 

senescent tissues. SPAD values were used as a 

nondestructive estimate of relative leaf chlorophyll 

concentration. 

 

Editorial point: Your original text mentions 30, 40, 60 

and 90 DAS for chlorophyll but 30, 45, 60 and 90 DAS 

for most other growth parameters. This should be 

verified against your raw data before submission. 

 

Yield and yield attributes 
 

Fresh leaf weight 
 

Fresh marketable leaves harvested from each pot during 

individual pickings were weighed immediately after 

harvest using a precision balance. The fresh weights 

obtained from all four harvests were summed to calculate 

the total fresh leaf biomass per pot, expressed in g pot⁻¹. 
 

Dry leaf weight 
 

Representative harvested leaf samples were shade-dried 

initially and subsequently dried to constant weight under 

controlled laboratory conditions. The dry weights from 

individual harvests were recorded and summed to obtain 

the total dry leaf biomass, expressed as g pot⁻¹. 
 

Leaf yield 
 

The cumulative leaf yield was calculated by summing the 

yield obtained from all successive harvests. The total leaf 

yield was expressed on a kg pot⁻¹ basis. 
 

Determination of soil pH 
 

Soil pH was determined in a 1:2.5 soil-to-water 

suspension, following standard soil analytical 

procedures. Briefly, 10 g of air-dried soil was mixed with 

25 mL of distilled water, thoroughly stirred, and allowed 

to equilibrate. The pH of the suspension was measured 

using a calibrated digital pH meter. 

The procedure was based on standard soil chemical 

analysis protocols described by Sparks et al. (1996). 

 

Electrical conductivity 
 

Electrical conductivity (EC) was determined in the same 

1:2.5 soil-to-water extract prepared for pH determination. 

The suspension was allowed to settle sufficiently, and the 

EC of the clear supernatant was measured using a 

calibrated conductivity meter. The results were expressed 

as dS m⁻¹ at the specified measurement temperature, 
following standard procedures (Sparks et al., 1996). 

 

Soil organic carbon 
 

Soil organic carbon was determined by the Walkley and 

Black wet oxidation method. Briefly, 1 g of processed 

soil was transferred to a 500-mL conical flask, followed 

by the addition of 10 mL of 1 N potassium dichromate 

(K₂Cr₂O₇) solution. Subsequently, 20 mL of concentrated 
sulfuric acid (H₂SO₄) was added, and the contents were 
mixed carefully and allowed to stand for approximately 

30 min. 

 

The suspension was diluted with distilled water, followed 

by the addition of phosphoric acid and diphenylamine 

indicator. The residual dichromate was titrated against 

standardized ferrous ammonium sulfate solution until the 

endpoint was reached. Organic carbon was calculated 

from the amount of dichromate reduced during oxidation 

and expressed as a percentage of soil weight following 

the procedure of Walkley and Black (1934). 

 

Determination of available soil nutrients 
 

Available nitrogen 
 

Available nitrogen in soil was determined using the 

standard alkaline permanganate method described by 

Subbiah and Asija (1956). The quantity of ammonia 

released during alkaline permanganate digestion was 

estimated and expressed as kg ha⁻¹. 
 

Available phosphorus 
 

Available phosphorus was determined using an 

appropriate standard soil extraction procedure based on 

the chemical characteristics of the experimental soil. The 

extracted phosphorus was estimated colorimetrically 

using the molybdenum blue method and expressed as kg 
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ha⁻¹, following established soil-testing procedures. 

 

For neutral to alkaline soils, the Olsen bicarbonate 

extraction method is generally appropriate (Olsen et al., 

1954). 

 

Available potassium 
 

Available potassium was extracted using a neutral 

ammonium acetate solution and determined using a 

flame photometer. The results were expressed as kg ha⁻¹, 
following standard soil-testing methodology (Jackson, 

1973). 

 

Available Sulphur 
 

Available sulphur was extracted from soil using an 

appropriate extracting solution and estimated by a 

standard turbidimetric procedure. The concentration of 

sulphate-sulphur was determined spectrophotometrically 

and expressed as mg kg⁻¹ soil, following established 
analytical procedures (Chesnin & Yien, 1951). 

  

Statistical analysis 
 

The experimental data were subjected to statistical 

analysis using the Completely Randomized Design 

(CRD) appropriate for pot experiments. Analysis of 

variance (ANOVA) was performed to determine the 

significance of treatment effects on growth, yield, soil 

properties, nutrient concentration, and nutrient uptake. 
 

Results and Discussion 
 

Plant Height 
 

Plant height increased significantly with the application 

of zinc and iron at all growth stages (30, 45, 60 and 90 

DAS). The maximum plant height was recorded in 

treatment T₅ [FeSO₄ (2.5 kg ha⁻¹) + ZnSO₄ (5 kg ha⁻¹)], 
recording 8.74, 12.62, 20.67 and 26.97 cm at 30, 45, 60 

and 90 DAS, respectively. The lowest plant height was 

observed in the control treatment (T₁). 
 
The increase in plant height may be attributed to the 

synergistic effect of zinc and iron. Zinc promotes 

tryptophan synthesis, which acts as a precursor of auxin 

(IAA) responsible for cell elongation and stem growth, 

whereas iron enhances chlorophyll formation and 

photosynthetic activity by participating in electron 

transport. Consequently, improved photosynthesis and 

nutrient metabolism resulted in greater vegetative 

growth. Similar findings have been reported by Barman 

and Pal (1993), Halder et al., (2007), Choudhary et al., 

(2015), and Hatwar et al., (2003). 
 

Seed Germination 
 

The minimum seed germination period (3.22 days) was 

recorded under treatment T₅, followed by T₄ (3.24 days), 
whereas the maximum germination period (4.58 days) 

was recorded in the control treatment.  

 

Earlier seed germination under zinc and iron application 

may be due to enhanced enzymatic activity and rapid 

mobilization of stored food materials such as 

carbohydrates, proteins and lipids.  

 

These micronutrients improve metabolic activities, 

resulting in faster germination and vigorous seedling 

establishment. Similar observations were reported by 

Rajput et al., (2003), Girwani et al., (1990), Hatwar et 

al., (2003). 

 

Number of Branches per Plant 
 

The highest number of branches per plant (6.61) was 

recorded in treatment T₇, while the lowest number (3.54) 
was recorded under the control. 

 

Application of zinc and iron increased branching due to 

their involvement in enzyme activation, carbohydrate 

synthesis and hormonal regulation. Enhanced 

photosynthetic activity and assimilate production 

promoted lateral growth and branch development. 

Similar findings were reported by Kuldeep et al., (2018). 

 

Number of Leaves per Plant 
 

The maximum number of leaves per plant (12.82) was 

observed in treatment T₇, whereas the control recorded 
the minimum value (9.56). 

 

Higher leaf production under micronutrient application 

was due to increased chlorophyll synthesis, enhanced 

enzyme activity and improved physiological processes. 

Zinc and iron promoted cell division and leaf expansion, 

leading to better canopy development.  

 

Similar observations were reported by Deshmukh and 

Wavhal (1999),. 
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Internodal Length 
 

Treatment T₅ recorded the maximum internodal length 
(2.34 cm), while the minimum (1.21 cm) was recorded 

under control. 

 

The increase in internodal length resulted from enhanced 

chlorophyll synthesis, nutrient mobility and 

photosynthetic efficiency under zinc and iron application. 

Improved assimilate translocation from source to sink 

promoted stem elongation. Similar findings were 

reported by Nag and Biswas (2002).  

 

Leaf Area 
 

The highest leaf area (12.35 cm²) was recorded under T₅, 
whereas the lowest (9.78 cm²) was observed in the 

control. 

 

 

Larger leaf area may be attributed to improved 

chlorophyll synthesis and enhanced physiological 

activities promoted by zinc and iron. Increased leaf 

expansion improved light interception and photosynthetic 

efficiency. 

 

Leaf Chlorophyll Content 
 

Treatment T₅ recorded the highest chlorophyll content 
(44.00 mg 100 g⁻¹), while the control recorded the lowest 
(34.53 mg 100 g⁻¹). 
 

Iron plays a central role in chlorophyll biosynthesis and 

electron transport, while zinc activates enzymes 

associated with chlorophyll formation and carbohydrate 

metabolism. Their combined application significantly 

enhanced chlorophyll content and photosynthetic 

activity. Similar findings were reported by Miller et al., 

(1995), Karuppaiah (2006). 

 

Table.1 Influence of zinc and iron plant height at 30, 45, 60 and 90 DAS of fenugreek  

(Trigonella foenum-graecum L.). 

 

S/No. Treatment  Plant height (cm) 

30 DAS 45 DAS 60 DAS 90 DAS 

T1  Control  4.67  8.64  13.71  23.57  

T2  ZnSo4 (5 kg/ha)  5.63  9.11  15.38  24.12  

T3  ZnSo4 (10 kg/ha)  6.55  9.15  15.77  24.41  

T4  FeSo4 (2.5 kg/ha)  7.64  11.36  18.86  26.10  

T5  FeSo4 (2.5 kg/ha) + ZnSo4 (5 kg/ha)  8.74  12.62  20.67  26.97  

T6  FeSo4 (2.5 kg/ha) + ZnSo4 (10 kg/ha)  7.71  11.34  18.42  26.50  

T7  FeSo4 (5 kg/ha)  7.65  10.61  16.40  24.88  

T8  FeSo4 (5 kg/ha) + ZnSo4 (5 kg/ha)  6.84  12.27  20.19  26.73  

T9  FeSo4 (5 kg/ha) + ZnSo4 (10 kg/ha)  6.97  11.15  17.45  25.46  

  SE m ±  0.11  0.37  0.25  0.26  

  CD at 5%  0.33  1.12  0.76  0.80  

  CV  2.78  6.02  2.52  1.82 
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Table.2 Influence of zinc and iron seed germination (days), no. of branches per plant, no. of leaves per plant 

of fenugreek (Trigonella foenum-graecum L.). 

 

S/No. Treatment Seed 

germination 

(days) 

No. of 

branches 

/plant 

No. of 

leaves/plant 

T1  Control  4.58 3.54 9.56 

T2  ZnSo4 (5 kg/ha)  3.90 4.11 10.30 

T3  ZnSo4 (10 kg/ha)  4.11 4.52 11.54 

T4  FeSo4 (2.5 kg/ha)  3.24 4.74 11.74 

T5  FeSo4 (2.5 kg/ha) + ZnSo4 (5 kg/ha)  3.22 5.49 11.79 

T6  FeSo4 (2.5 kg/ha) + ZnSo4 (10 kg/ha) 3.77 5.52 11.29 

T7  FeSo4 (5 kg/ha)  3.98 6.61 12.82 

T8  FeSo4 (5 kg/ha) + ZnSo4 (5 kg/ha)  3.54 4.65 10.64 

T9  FeSo4 (5 kg/ha) + ZnSo4 (10 kg/ha)  4.44 5.47 11.50 

  SE m ±  0.18 0.12 0.21 

  CD at 5%  0.55 0.38 0.63 

  CV  8.24 4.40 3.25 

 

Table.3 Influence of zinc and iron inter-nodes length per plant (cm), leaf area (cm2), leaf chlorophyll content 

(mg 100 g-1) of fenugreek (Trigonella foenum-graecum L.). 

 

S/No. Treatment Inter-nodes 

length 

/plant(cm) 

Leaf area 

(cm2) 

Leaf 

chlorophyll 

content  (mg 

100 g-1) 

T1  Control  1.21  9.78  34.53  

T2  ZnSo4 (5 kg/ha)  1.22  10.63  36.73  

T3  ZnSo4 (10 kg/ha)  1.63  10.72  37.64  

T4  FeSo4 (2.5 kg/ha)  2.03  11.27  43.71  

T5  FeSo4 (2.5 kg/ha) + ZnSo4 (5 kg/ha)  2.34  12.35  44.00  

T6  FeSo4 (2.5 kg/ha) + ZnSo4 (10 kg/ha)  1.47  10.48  42.44  

T7  FeSo4 (5 kg/ha)  1.78  11.48  42.93  

T8  FeSo4 (5 kg/ha) + ZnSo4 (5 kg/ha)  2.02  11.04  39.44  

T9  FeSo4 (5 kg/ha) + ZnSo4 (10 kg/ha)  1.96  11.81  40.19  

  SE m ±  0.16  0.23  0.35  

  CD at 5%  0.50  0.72  1.07  

  CV  16.66  3.73  1.53 
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Table.4 Influence of zinc and iron fresh weight (gm), dry weight (gm), moisture content (%), green leaf 

yield per hectare (q/ha) of fenugreek (Trigonella foenumgraecum L.). 

 

S/No. Treatment Fresh 

weight 

(gm) 

Dry 

weight 

(gm) 

Moisture 

content 

(%) 

Green 

leaf yield 

(q/ha) 

T1  Control  4.70 1.08 79.50  112.88 

T2  ZnSo4 (5 kg/ha)  5.52 1.38 80.60  156.11 

T3  ZnSo4 (10 kg/ha)  5.77 1.75 80.13  169.15 

T4  FeSo4 (2.5 kg/ha)  6.62 2.34 80.27  304.47 

T5  FeSo4 (2.5 kg/ha) + ZnSo4 (5 kg/ha)  7.42 2.71 81.35  319.22 

T6  FeSo4 (2.5 kg/ha) + ZnSo4 (10 

kg/ha)  

5.74 2.09 80.14  200.25 

T7  FeSo4 (5 kg/ha)  6.22 1.96 80.57  289.42 

T8  FeSo4 (5 kg/ha) + ZnSo4 (5 kg/ha) 5.77 2.18 79.96  215.45 

T9  FeSo4 (5 kg/ha) + ZnSo4 (10 kg/ha)  5.88 2.19 79.94  256.52 

  SE m ±  0.27 0.15 0.24  0.50 

  CD at 5%  0.83 0.45 0.74  1.51 

  CV  8.06 13.33 0.53  0.38 

 

Fig.2 Effect of zinc and iron plant height at 30, 45, 60 and 90 DAS of fenugreek  

(Trigonella foenum-graecum L.). 
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Fig.3 Effect of zinc and iron seed germination (days) of fenugreek (Trigonella foenum-graecum L.). 

 

 
 

Fig.4 Effect of zinc and iron number of braches per plant of fenugreek (Trigonella foenum-graecum L.). 
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Fig.5 Effect of zinc and iron number of leaves per plant of fenugreek (Trigonella foenum-graecum L.). 

 

 
 

Fig.6 Effect of zinc and iron inter-nodes length per plant (cm) of fenugreek (Trigonella foenum-graecum L.). 
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Fig.7 Effect of zinc and iron leaf area (cm2) of fenugreek (Trigonella foenumgraecum L.). 

 

 
 

Fig.8 Effect of zinc and iron leaf chlorophyll content (mg 100 g-1) of fenugreek  

(Trigonella foenum-graecum L.). 
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Fig.9 Effect of zinc and iron fresh weight (gm) of fenugreek (Trigonella foenumgraecum L.). 

 

 
 

Fig.10 Effect of zinc and iron dry weight (gm) of fenugreek (Trigonella foenumgraecum L.). 
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Fig.11 Effect of zinc and iron moisture content (%) of fenugreek (Trigonella foenum-graecum L.). 

 

 
 

Fig.12 Effect of zinc and iron green leaf yield per hactare (q/ha) of fenugreek  

(Trigonella foenum-graecum L.). 
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Fig.13 Available macro and micro nutrient content of fenugreek (Trigonella foenum-graecum L.) 

 

 
 

Fig.14 Effect of zinc and iron macro and micro nutrient uptake of fenugreek  

(Trigonella foenum-graecum L.). 
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Fresh Weight 
 

The highest fresh weight (7.42 g plant⁻¹) was recorded in 
T₅, whereas the lowest (4.70 g plant⁻¹) was observed in 
the control. 

 

Higher fresh weight resulted from increased 

photosynthetic activity, greater carbohydrate 

accumulation and vigorous vegetative growth under 

micronutrient application. Similar findings were reported 

by Bose and Tripathi (1996). 

 

Dry Weight 
 

The highest dry weight (2.71 g plant⁻¹) was obtained in 
T₅, while the control recorded the lowest dry weight 
(1.08 g plant⁻¹). 
 

The increase in dry matter production may be attributed 

to greater accumulation of photosynthates, improved 

auxin synthesis and enhanced photosynthesis under zinc 

and iron application. Similar observations were reported 

by Saimbhi et al., (1979). 

 

Green Leaf Yield 
 

Maximum green leaf yield (319.22 q ha⁻¹) was recorded 
in T₅, followed by T₄ (304.47 q ha⁻¹), whereas the 
control recorded only 112.88 q ha⁻¹. 
 

Higher green leaf yield resulted from improved 

vegetative growth, enhanced chlorophyll synthesis and 

efficient nutrient utilization under combined zinc and 

iron application. Similar findings were reported by 

Gomaa (2001), Yadav et al., (2002),  

 

Nutrient Uptake 
 

The combined application of FeSO₄ (2.5 kg ha⁻¹) + 
ZnSO₄ (5 kg ha⁻¹) recorded the highest availability and 
uptake of N, P, K, Zn and Fe compared with all other 

treatments 

 

Combined zinc and iron application improved nutrient 

absorption, translocation and utilization. Iron enhanced 

nitrogen metabolism and energy transfer, whereas zinc 

improved enzyme activity and nutrient uptake.  

 

The combined application showed a synergistic effect, 

resulting in greater macro- and micronutrient uptake than 

individual applications.  

 

Similar findings were reported by Samui et al., (1981), 

Bhatt and Srivastava (2006), Ravi et al., (2008), Hossain 

et al., (2008), and Chandra Deo and Khandelwal (2009). 

In conclusion, the present investigation demonstrated 

that the application of zinc and iron significantly 

influenced the growth, yield, and nutrient uptake of 

fenugreek under the experimental conditions. All 

micronutrient treatments performed better than the 

control; however, their response varied depending on the 

level and combination of zinc and iron applied. 

 

Among the nine treatments evaluated, the combined 

application of FeSO₄ (2.5 kg ha⁻¹) + ZnSO₄ (5 kg ha⁻¹) 
(T₅) proved to be the most effective. This treatment 

consistently recorded superior values for most growth 

parameters, including plant height, internodal length, 

leaf area, chlorophyll content, fresh weight, dry weight, 

and green leaf yield. It also resulted in earlier seed 

germination and significantly improved the availability 

and uptake of essential macro- and micronutrients 

compared with the control and other treatments. 

 

The enhanced crop performance under the combined 

application of zinc and iron indicates a beneficial 

interaction between these two micronutrients. Their 

balanced application promoted better vegetative growth, 

improved physiological efficiency, and increased 

nutrient utilization, resulting in higher productivity of 

fenugreek. The improvement in soil nutrient availability 

and nutrient uptake further suggests that integrated 

micronutrient management contributes to efficient 

nutrient absorption and utilization by the crop. 

 

Based on the findings of the present study, it can be 

concluded that the application of FeSO₄ (2.5 kg ha⁻¹) + 
ZnSO₄ (5 kg ha⁻¹) is the most suitable micronutrient 

treatment among those evaluated for improving the 

growth, yield, and nutrient uptake of fenugreek under the 

conditions of this experiment. Adoption of this 

micronutrient combination may therefore contribute to 

enhanced crop productivity and improved soil fertility 

where similar conditions prevail. 
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