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Abstract  
Chickpea (Cicer arietinum L.) is widely grown as a major food legume for its rich 

nutritional profile and serves as a primary source of protein in developing nations. To 

overcome hidden hunger linked with Fe deficiency, a field experiment on agronomic 

biofortification of chickpea through foliar application was conducted at the research farm 

of MNS-University of Agriculture, Multan, Pakistan, during the Rabi season, 2020-21. 

The experiment was laid out under Randomized Complete Block Design (RCBD) with 

three replications. FeSO4 was used as the Fe source for foliar application; control, water 

spray, and 0.5% and 1% FeSO4 were applied. The foliar application of Fe at 1% FeSO4 

resulted in a significant 21% increase in yield and quality attributes, including a 17% 

increase in grain Fe content, compared with the control. In conclusion, Fe foliar feeding 
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of chickpea served as an effective, economical, and easy approach to enrich chickpea with 

Fe to address hidden hunger linked with Fe deficiency. 
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Introduction  
Malnutrition is a serious threat to human health, which is affecting billions of 

people around the world (Webb et al., 2018). Malnutrition refers to any deficiency, excess, 

or imbalance in food intake and includes both under- and over-nutrition (Ntenda, 2019). 

Malnutrition is a great concern that is affecting people of all ages in Pakistan. Malnutrition 

has been a serious problem in countries like Pakistan over the last decade, particularly in 

protein, vitamin, and mineral (iron) deficiencies (Asim & Nawaz, 2018). 

 Fe is an important element for humans and plants, required in small quantities 

(Kobayashi & Nishizawa, 2012). It is essential for a healthy lifestyle as it plays an 

important role in the normal growth and development of the human body (Beard & 

Connor, 2003). Iron deficiency is the most common, affecting more than 2 billion people 

globally (WHO, 2011). Its deficiency has an impact on the immune system. For humans, 

the recommended daily Fe intake is 8 mg for men and 18 mg for women, and insufficient 

intake prevents the production of biologically essential molecules, most notably haeme, 

leading to anemia (Trumbo et al., 2001). As an element, Fe also plays a significant role in 

crops, as it is vital for many enzymes, including cytochrome, which is involved in 

chlorophyll synthesis, enzymatic activity, maintenance of chloroplast structure, and the 

electron transport chain. Fe deficiency in agricultural lands negatively impacts crop 

productivity and nutritional quality (Cakmak, 2009). In high-pH calcareous soils, Fe 

deficiency is a common problem. The lack of Fe in soils retard crop growth and results in 

low crop yield, thereby necessitating the use of remedial procedures to overcome this 

deficiency (Alvarez-Fernandez et al., 2004).  

Fe deficiency can be assessed through artificial supplementation or intake, but it 

is costly and difficult to manage regularly, especially in underdeveloped countries (Best 

et al., 2011). Fe deficiency can be alleviated by increasing the bioavailable Fe content in 

food crops through Fe fortification (Rana et al., 2012). Biofortification is a long-term, 

effective method for overcoming Fe deficiency in the human race. It is the most cost-

effective, sustainable, and feasible strategy for poor people worldwide (Garcia-Banuelos 

et al., 2014).  

 Pulses provide important minerals, fiber, and vitamins, in addition to their high 

protein content. Fe in pulses is non-heme Fe, which has lower bioavailability than heme 

Fe (Sulaiman et al., 2021). A major challenge in pulses is to increase Fe bioavailability 

and concentration. Despite being an important protein source in poor countries, pulses 

such as chickpea have received less attention. After dry beans and peas, chickpea is the 

world's third most significant pulse crop. Chickpea is a primary source of protein for most 

people who become vegetarians due to economic constraints or by choice. Although iron 

foliar application is beneficial, little research has been conducted on the biofortification of 

pulses, particularly chickpea, to standardize the FeSO4 foliar dose and compare it with 

water spray and a control to assess their roles in increasing chickpea yield and quality. 

Materials and Methods 
The present study was carried out in the Research area of Muhammad Nawaz 

Shareef University of Agriculture, Multan, during the 2020-21 growing season to fortify 



 

 

 

 

 

 

 

 

 

 

Foliar Iron Improves Chickpea Yield 

chickpea with Fe through foliar application of iron sulfate. The study was laid out under a 

randomized complete block design (RCBD) with three replications and a net plot size of 

20 m2 (5 m × 4 m). The experiment consisted of a control, in which no treatment was 

applied; water spray, where plants received a foliar spray of water only; 0.5% FeSO₄, in 

which plants were treated with a 0.5% ferrous sulfate (FeSO₄) foliar spray; and 1% FeSO₄, 

where plants received a foliar spray of 1% ferrous sulfate (FeSO₄). 

The analytical findings indicated that the experimental field's soil had a sandy 

loam texture. The seedbed was prepared by plowing, followed by leveling. For optimal 

growth and development during the growing season, two irrigations were provided at the 

pre-flowering (45 days) and pod-filling (75 days) stages after sowing. Fertilizers 

containing phosphorus and nitrogen were applied at the rate of 32 and 85 kg ha-1, 

respectively. Nitrogen was applied in two splits: the first as a basal dose, and the second 

at 45 days after sowing. However, all phosphatic fertilizers were applied as a basal dose. 

Throughout the experiment, all agronomic operations were maintained at normal levels 

and even. Plant protection methods were implemented to keep the crop free of weeds, 

diseases, and insects. Weed control was established through manual weeding at early 

stages. To control gram pod borer, Emamectin was sprayed. Fungicide was applied to 

control Ascochyta blight.  

In this experiment, different concentrations of Fe were applied as FeSO4 

solutions. FeSO4 was applied to chickpea leaves. For the preparation of 0.5% and 1% 

foliar solutions of Fe, the required amount of Fe was prepared by dissolving 5g and 10 g 

of Fe sulfate (as per treatment) in 1 liter of water. All management practices, except for 

the treatment under study, were kept the same across all experimental units. 

Randomly selected plants were used to record plant height, 100-grain weight, 

chlorophyll contents, and grain yield. After winnowing, the seed yield per plot was 

weighed. The collected data were then analyzed by using Fisher’s analysis of variance. 

Treatment means were compared using Tukey’s Honestly Significant Difference (HSD) 

test at 0.05 probability (Steel et al., 1997) using Statistix 8.1 software. 

Weather data 

The climate of this region is typically arid, with extreme temperatures in summer 

and winter. During summer, the temperature may reach as high as 48- 50 °C. The weather 

data (maximum and minimum temperatures, sunshine hours, and rainfall) for the crop 

season were obtained from the Agronomy Department, MNS University of Agriculture, 

Multan. Temperature remained at a minimum during January and gradually increased as 

the growing season progressed to maturity. In March, rainfall was received, while all other 

months of the growing season were dry. 

Results and Discussion 
Plant height 

Analysis of Variance showed a significant impact of FeSO4 on plant height and 

yield-associated parameters (such as branches per plant, chlorophyll content, pods per 

plant, number of grains per pod, 100-grain weight, grain yield, and harvest index) and 

quality parameters (such as grain protein and iron contents) of kabuli chickpea. The tallest 

plants were observed in plots where 1% FeSO4 was applied to chickpea foliage, which was 

statistically at par with 0.5% FeSO4, whereas the lowest were observed in the water-spray 

treatment, which was statistically at par with the control (Fig. 1A). Higher plant height 
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was recorded with the application of Fe, which might be due to the role of Fe in starch 

formation and protein synthesis (Rout & Sahoo, 2015) as well as maintenance and 

synthesis of chlorophyll in plants (Masoud et al., 2012). The increase in the availability of 

Fe to the plant might have stimulated the metabolic and enzymatic activities, thereby 

increasing the growth and ultimately the height of the plant. These results agree with the 

findings of Pingoliya et al. (2014), who reported that chickpea plant height increased with 

the application of Fe. 

 

 
Figure 1. Effect of varying concentrations of foliar-applied Fe on A. plant height and 

B. Branches per plant of chickpea 

 

Branches per plant 

The highest number of branches per plant was observed in plots where chickpea 

foliage was sprayed with 1% FeSO4, which was statistically at par with 0.5% FeSO4. In 

contrast, the lowest was observed in the water spray, which was statistically at par with 

the control (Figure 3). A higher number of branches with Fe application might be due to 

Fe's role in chlorophyll synthesis and chloroplast development (Masoud et al., 2012).  

Higher availability of Fe to crop plants might have stimulated the enzymatic activities 

responsible for increased numbers of primary and secondary branches per plant. Patel et 

al. (2011) reported a higher number of branches plant-1 in cowpea with foliar spray of 

FeSO4.
   

It absorbs solar radiation for photosynthesis and is an important parameter in the regulation 

of photosynthesis. Fe plays an important role in physiological processes in plants, such as 

water and nutrient uptake, nucleic acid synthesis, and IAA synthesis (El-Fouly et al., 

2011). Fe plays an important role in the synthesis and maintenance of chlorophyll in plants. 

It has a role in nucleic acid metabolism and activates several enzymes (Kumar et al., 2019). 
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Foliar Iron Improves Chickpea Yield 

The application of Fe increased the chlorophyll content in cowpea (Kumawat et al., 2006) 

and in soybean (Trivedi et al., 2011). 
Chlorophyll content 

The highest chlorophyll content was observed with FeSO4 at 1% concentration, 

which is statistically at par with FeSO4 at 0.5%. In contrast, the lowest was observed in 

water spray, which is statistically at par with control (Figure 2A). 

Pods per plant 

The highest number of pods per plant was observed with FeSO4 at 1%, while the 

lowest was observed with water spray, which is statistically at par with the control (Figure 

2B). A higher number of pods per plant might be due to foliar applications of Fe, which 

are readily absorbed by aerial plant parts and transported to growth sites. This stimulates 

auxin activity at growing points of crops and improves shoot development (Verma et al., 

2017). 

Grains per pod 

The maximum number of grains per pod was observed with FeSO4 at 1%, while 

the lowest was observed in the water spray treatment, which was statistically at par with 

the control (Figure 3A). Grains per plant may be due to a Fe spray, which makes it easier 

for assimilates to move from the plant to the soil. Similar observations were obtained by 

Ram et al. (2013). 
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Figure 2. Effect of varying concentrations of foliar-applied Fe on A. Chlorophyll 

contents and B. No. of pods plant-1 
Grain yield (kg ha-1) 

The highest grain yield was observed with FeSO4 at 1% concentration, while the 

lowest was observed in the water spray treatment, which was statistically at par with the 

control (Figure 3B). Fe application enhances photosynthesis and promotes higher growth 

and yield in the crop (Balachandar et al., 2003).  It helps achieve a higher photosynthesis 

rate and dry matter assimilation in the sink, increasing the final yield of the crop. Foliar 

application of Fe increases photosynthesis and assimilate transport from source to sink, 

thereby increasing grain and stover yields in mungbean (Saini & Singh, 2017). Similar 

results were reported in chickpea with soil application of Fe at 5.0 kg ha-1 (Pingoliya et 

al., 2014) and in cowpea with foliar spray of FeSO4 at 0.5% at 25 and 45 days (Anitha et 

al., 2005). Fe is a component of ferredoxin and cytochromes involved in photosynthesis; 

therefore, an increased grain yield with foliar application of Fe may be due to increased 

synthesis of carbohydrates and proteins, and their transport to the site of grain formation. 

Fe is required for the synthesis of growth factors, including proteins, nucleic acids, and 

auxins, as well as for seed maturation (Rout & Sahoo, 2015). Fe is essential for the 

production of chlorophyll (Jin et al., 2008). Thus, foliar application of Fe during the 

flowering and pod formation stages may have accelerated photosynthesis and mobilized 

photosynthate to sinks, thereby increasing grain yield (Balachandar et al., 2003). 
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Figure 3. Effect of varying concentrations of foliar-applied Fe on A. No. of grains per 

pod and B. Grain yield kg ha-1 

100 grain weight (g) 

The highest value of 100 seed weight was observed in the case of FeSO4 at 1%, 

while the lowest was observed in water spray, which is statistically at par with the control 

(Figure 4A). Fe also helps in absorption of other nutrients (Kuldeep et al., 2017). Higher 

nitrogen fixation rates and nutrient absorption of other ions might have increased 

photosynthetic efficiency, which helped increase carbohydrate loading to the sink and was 
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reflected in higher 100-grain weight.  Similar findings were reported by Sharma et al. 

(2010). 

Harvest index (%) 

The highest harvest index was observed with FeSO4 at 1%, while the lowest was 

observed with water spray, which was not statistically different from the control (Figure 

4B).  Harvest index is due to higher accumulation of photosynthates and translocation of 

nutrients to the economic part of the crop. Similar results were observed by Nandan et al. 

(2018). 

Protein content (%) 

The highest grain protein content was observed with FeSO4 at 1%, while the 

lowest was observed with water spray, which is statistically at par with the control (Figure 

4C). Higher Protein content might be due to the stimulating effect of foliar Fe spray on 

several dehydrogenase, proteinase, and peptidase enzymes, as Fe is an important 

constituent of these enzymes and in the synthesis of many amino acids. Similar findings 

were also reported by Wasmatkar et al. (2002). 

Grain Fe content (mg kg-1) 

The highest value of grain protein content was observed in the case of FeSO4 at 

1%, while the lowest was observed in water spray, which is statistically at par with the 

control (Figure 4D). Fe content in chickpeas was higher after foliar application of 1% 

FeSO4 than in other treatments. The most efficient method for increasing nutrient 

concentrations in plants' edible parts, such as grains, is thought to be foliar nutrient 

spraying. 

Conclusion 

Iron foliar application increased grain Fe because of biofortification. Moreover, farmers 

can obtain a 27% increase in grain yield over no spray, with better quality of chickpea 

grains through agronomic biofortification of 1% FeSO4 foliar spray. 
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Figure 4. Effect of varying concentrations of foliar-applied Fe on A. 100-grain mass, B. 

Harvest index, C. Protein content, and D. Iron contents 

 

 

 

c c

a
b

40

41

42

43

44

45

46

H
a

rv
es

t 
in

d
ex

 %

c c b
a

0

20

40

60

80

100

P
ro

te
in

 c
o

n
te

n
t 

%

c
bc

ab a

15

16

17

18

19

20

21

No Spray Water Spray Fe (0.5%) Fe (1%)

ir
o

n
 c

o
n

te
n

ts
 



 

 

 

 

 

 

 

 

 
Munawar et al.                                                                                                                  33 

References 

Alvarez-Fernandez, A., P. Garcia-Lavina, C. Fidalgo, J. Abadia & A. Abadia. (2004). 

Foliar fertilization to control iron chlorosis in pear (Pyrus communis L.) 

trees. Plant Soil. 263: 5–15. 

Anitha, S., E. Sreenivasan & S.M. Purushothaman. (2005). Response of cowpea (Vigna 

unguiculata) to foliar nutrition of zinc and iron in the oxisols of kerala. Legum. 

Res. 28: 294–296. 

Asim, M. & Y. Nawaz. (2018). Child malnutrition in Pakistan: evidence from literature. 

Children. 5: 60–68. 

Balachandar, D., P. Nagarajan & S. Gunasekaran. (2003). Effect of organic amendments 

and micronutrients on nodulation and yield of blackgram in acid soil. Int. J. 

Legum. Res. 26: 192–195. 

Beard, J.L. & J.R. Connor. (2003). Iron status and neural functioning. Annu. Rev. Nutr. 

23: 41–58. 

Best, J.R., P.H. Miller and L.L. Jones. 2011. Executive functions after age 5. Changes and 

correlates. Dev. Rev. 29: 180-200. 

Cakmak, I. (2009). Fertilizer enrichment with zinc: an excellent investment for humanity 

and crop production in India. J. Trace Elem. Med. Biol. 23: 281–289. 

El-Fouly, M.M., Z.M. Mobarak & Z.A. Salama. (2011). Micronutrients (Fe, Mn, Zn) foliar 

spray in chickpea (Cicer arietinum L.). African J.  Pl. Sci. 5: 312–314. 

García-Bañuelos, M.L., J.P. Sida-Arreola y E. Sánchez. (2014). Biofortification- a 

promising approach to increasing the content of iron and zinc in staple food 

crops. J. Elem. 19: 865–888. 

Jin, Z., Minyan, W., Lianghuan, W., Jiangguo, W. & Chunhai, S. (2008). Impacts of 

combination of foliar iron and boron application on iron biofortification and 

nutritional quality of rice grain. J. Pl. Nut. 31: 1599-1611. 

Kobayashi, T. and N.K. Nishizawa. 2012. Iron uptake, translocation, and regulation in 

higher plants. Annu. Rev. Plant Biol. 63: 131–152. 

Kuldeep, P. D. Kumawat, Mahendra Choudhary, Kuldeep. (2017). Response of chickpea 

(Cicer arietinum L.) to iron and zinc nutrition on protein and chlorophyll content. 

Ecol. Environ. 35: 1894-1897 

Kumar, S., A. Palve, C. Joshi & R.K. Srivastava. (2019). Crop biofortification for iron 

(Fe), zinc (Zn) and vitamin A with transgenic approaches. J. Heliyon 5: 1914. 

Kumawat, R. N., P.S. Rathore & N. Pareek. (2006). Response of mung bean to sulfur and 

iron nutrition under calcareous soil conditions in western Rajasthan. Indian J. 

Pulse Res. 19: 228–230. 

Masoud B., A. Rooholla, M.N. Ghasem, Y. Khatoon & M.T. Sayed. (2012). Effect of 

different microelement treatment on wheat (Triticum aestivum L.) growth and 

yield. Int. Res. J. Appl. Basic Sci. 3: 219–23. 

Nandan, R., Singh, V., Singh, S. S., Hazra, K. K., & Nath, C. P. (2018). Performance of 

crop residue management with different tillage and crop establishment practices 

on weed flora and crop productivity in rice-wheat cropping system of eastern 

Indo-Gangetic plains. Journal of Crop and Weed, 14(2): 65–71. 

Ntenda, P. 2019. Association of low birth weight with undernutrition in preschool-aged 

children in Malawi. Nutr. J. 18: 1-15. 



 

 

 

 

 

 

 

 

 

 

Foliar Iron Improves Chickpea Yield 

Patel, M. M., I.C. Patel, R.I. Patel & S. Acharya. (2011). Effect of iron on yield and yield 

attributes of rainfed cowpea (Vigna unguiculata L.). Ann. Arid Zone. 50: 17–19. 

Pingoliya, K.K., A.K. Mathur, M.L. Dotaniya, D.K. Jajoria & G.P. Narolia. (2014). Effect 

of phosphorus and iron levels on growth and yield attributes of chickpea (Cicer 

arietinum L.) under agroclimatic zone A of Rajasthan. India. Legume Res. 37: 

537–41. 

Ram, U. S., V.K. Srivastava, A. Hemantaranjan, A. Sen, R.K. Singh, J.S. Bohra & U. 

Shukla. (2013). Effect Fe and FYM application on growth, yield and nutrient 

content of rice. Oryza. 50: 351–357. 

Rana, A., M. Joshi, R. Prasanna, Y.S. Shivay & L. Nain. (2012). Biofortification of wheat 

through inoculation of plant growth-promoting rhizobacteria and cyanobacteria. 

Eur. J. Soil Biol. 50: 118–126.  

Rout, R.G. & S. Sahoo. (2015). Role of iron in plant growth and metabolism. Rev Agric. 

Sci. 3: 1–24. 

Saini, A.K. & R. Singh. (2017). Effect of iron fertilization on growth and yield of 

greengram (Vigna radiata L.). Int. J. Curr. Microbiol. App. Sci. 6: 1922-1929. 

Sharma, A., H.T. Nakul, B.R. Jelgeri & A. Surwenshi. (2010). Effect of micronutrients on 

growth, yield and yield components in pigeon pea (Cajanus cajan L.). Res. J. 

Agric. Sci. 1: 142–44. 

Steel, R. G. D., Torrie, J. H., & Dickey, D. (1997). Principles and procedures of statistics: 

A biometrical approach. 3rd (ed.). McGraw-Hill. 

Sulaiman, N., Givens, D. I., & Anitha, S. (2021). A narrative review: in vitro methods for 

assessing bio-accessibility/bioavailability of iron in plant-based foods. Frontiers 

in Sustainable Food Systems, 5, 727533 

Trivedi, A., A. Hemantaranjan & S.K. Pandey. (2011). The application of iron and sulfur 

may improve soybean growth and yield. Indian J. Pl. Physiol. 16: 309. 

Trumbo, P., A. Yates, S. Schlicker & M. Poos. (2001). Dietary reference intakes: Vitamin 

A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, 

molybdenum, nickel, silicon, vanadium, and zinc. J. Acad. Nutr. Diet. 101: 294–

301. 

Verma, C.B., R. Pyare, M. Aslam, V.K. Verma, V. Singh & H. Sharma. (2017). Enhancing 

growth, yield and quality of lentil through foliar spray of zinc, urea and thiourea 

under rainfed condition. Agriways. 5: 123–127. 

Wasmatkar, R.P., G. L. Ingole & P.D. Raut. (2002). Effect of different Fe levels on 

soybean quality and nutrient uptake. J. Maharashtra Agric. Universities India. 

6:44-56. 

Webb, P., G.A. Stordalen, S. Singh, R. Wijesinha-Bettoni, P. Shetty & A. Lartey. (2018). 

Hunger and malnutrition in the 21st century. Brit. Med. J.  361: 22–38. 

WHO, World Health Organization. 2011. World Health Statistics WHO, Geneva. 

Accessed from https://reliefweb.int/report/world/world-health-statistics-

2011#:~:text=13%20May%202011%20%7C%20Geneva%20%2D%20A

n,2015%2C%20but%20progress%20has%20accelerated.. 

Citation 
Munawar, K., Ikram, N. A., Iqbal, S., ul Haq, T., Mubeen, K., Ghaffar, A., Ikram, R. M., 

Aziz, M., Hassan, W., Sultana, S. R., Ayub, M., Shahid, M., & Saleem, A. (2026). 

Iron fortification of chickpea through foliar application reduces iron deficiency 

https://reliefweb.int/report/world/world-health-statistics-2011#:~:text=13%20May%202011%20%7C%20Geneva%20%2D%20An,2015%2C%20but%20progress%20has%20accelerated
https://reliefweb.int/report/world/world-health-statistics-2011#:~:text=13%20May%202011%20%7C%20Geneva%20%2D%20An,2015%2C%20but%20progress%20has%20accelerated
https://reliefweb.int/report/world/world-health-statistics-2011#:~:text=13%20May%202011%20%7C%20Geneva%20%2D%20An,2015%2C%20but%20progress%20has%20accelerated


 

 

 

 

 

 

 

 

 
Munawar et al.                                                                                                                  35 

and improves grain yield and quality. Journal of Agriculture and Food, 7(1), 24–

35. https://doi.org/10.52587/JAF070103.  

https://doi.org/10.52587/JAF070103

