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ABSTRACT 

The present study was done to evaluate the effect of various levels of Fe and Zn alone and in combination on  

yield  and  yield contributing parameters of barley (Hordeum vulgare L.)” var. K-125 (Azad). For this 

application of  20, 40, 60 ppm of Fe or Zn, and their combinations i.e. Fe20 + Zn20, Fe20 + Zn40, Fe40 + 

Zn20, Fe40 + Zn40 and Fe + Zn (chelated) as seed soaking for 48 hrs, plus three foliar sprays on were given. 

Among the three concentrations of Fe applied alone, Fe20 ppm was the best dose for inducing maximum yield 

parameters studied except early booting where Fe40 was better. Among the Zn treatments applied alone Zn20 

promoted best effect in early anthesis, awn length and grain number / plant. All other yield and yield 

parameters were promoted most with Zn40 application. Combined treatments of Fe + Zn were in all respect 

better in promoting yield parameters than their treatments given individually. Results showed that Fe and Zn 

treatments promoted yield and yield parameters. A significant increase in yield parameters was observed and 

all were positively and significantly correlated to yield. On comparing the effect of the best dose of Fe and Zn 

i.e. Fe20 + Zn40 with its chelated form it was found that the latter gave better results. 
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I. INTRODUCTION 

 

Barley a member of Poaceae is one of the first crop domesticated for human consumption and among the most 

important cereals cultivated worldwide since it can grow in large number of environmental conditions. The 

growing worldwide demand for barley is placing pressure on new innovations to improve the cultivars with 

greater yield (World Barley Outlook, 2010). It is fourth in terms of total world Production (Barley World, 2006).  

Barley contains nitrogenous compounds (12.981%), gum (6.744%), sugar (3.2%), starch 59.95% and fat 

(2.17%). It also contains astounding amounts of proteins, vitamins and minerals, beta carotene, B1, B2, B6, C, 

folic acid, panthothenic acid, essential and non essential amino acids making it the most nourishing food stuff 

known to man. It contains high levels of chlorophyll, a substance said to inhibit cancer and several antioxidants 

that prevent degenerative disease. It is consumed in the form of chapatti, sattu etc but it’s by-product at 

industrial level is very important for preparing barley water, malt and barley wines. Barley is used in industries 

for making baby food, milk based drinks, malt chocolates. Barley is used as a major animal feed crop, as a 

popular seasoning, in malting and in health food.  

Zinc is essential for sugar regulation and enzymes that control plant growth (Halvin et al., 1999). Formation of 

some growth hormones, auxin metabolism, activity of dehydrogenases enzymes, synthesis of cytochrome etc. 

are influenced by zinc. Iron on the other hand is essential in chlorophyll synthesis. It is a component of flavo 
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proteins and functions in iron prophyrin proteins. It is present in ferrodoxin, ferredoxin reducing substances and 

cytochromes. Iron is critical for chlorophyll formation and photosynthesis and is important in enzyme systems 

and respiration in plants (Halvin et al., 1999). 

A global investigation of FAO has brought to light that Zinc is the most widely deficient micronutrient, About 

50% of the soils used for cereal production in the world contain low levels of plant available Zn which reduces 

not only grain yield, but also nutritional quality (Cakmak et al., 1996). Zn has a critical role in synthesis of 

protein and metabolism of DNA and RNA. Protein content of Zn deficient plant is dramatically reduced (Vallee 

and Falchuk, 1993). Some work on effect of Fe and Zn on wheat has been done (Narimani et al., 2010; Zhao et 

al. 2011). 

Zinc deficiency is a critical problem in wheat and barley (Cakmak et al., 1996) and it has been found that only a 

few cultivars proved to be Zn efficient (Kinaci and Kinaci, 2005; Imtiaz et al., 2010). Cereal is a good and 

easily accessible source of Fe and Zn for both feed and food. The micronutrients play an important role in 

increasing crop yield (Asad and Rafique 2000; Hussain et al., 2002; Ghavami et al., 2015; Mosanna and 

Behrozyar, 2015). Several reports indicate that either soil or foliar application of micronutrients have positive 

correlation with wheat yield (Habib, 2009; Mitra et al., 2015). 

The objective of this study was to evaluate the effect of various levels of Fe and Zn alone and in combination on 

yield with yield parameters of barley. Their effect on vegetative morphology has already been studied (Gunjan 

and Boswal, 2015). Nutrient deficiencies have also been corrected by using metal chelators (Szladils, 1956; 

Pandey and Pandey 2002). Metal chelators are soluble in water and dissociate slightly. It is because of this fact 

that they are ideally suited for application to the crops deficient in particular micronutrient. They are more 

effective than normal salts of these nutrients (Sekhon, 2003). The rate of absorption of chelating agents 

associated with metallic cations is relatively higher than that of chelating agents without the associate of cations. 

The absorption of Fe was greater with Fe-EDTA than when Fe was given alone (Erdal et al., 2004). Application 

of metal chelators on different plants increased their growth (Duhan and Dudeja, 1998; Qadir et al., 2014). 

Chelates may be applied to the soil or as spray to the foliage. There are reports that foliar application was more 

effective than soil application which increased yield significantly (Fareghi naeini, 2014; Rahman et al., 2014; 

Zain et al., 2015).  

Keeping in mind the above importance, the present study has been undertaken to investigate the effect of Fe and 

Zn on the yield of Hordeum vulgare L. with the following objectives:  

1. To study the effect of Fe or Zn on yield and yield parameters.  

2. To estimate the combined effect of Fe and Zn on yield and phenological characters. 

3. To compare the effect the best dose of Fe+Zn in terms of yield with its chelated form.  

 A number of parameters help to indicate the effect of extrinsic factors on plant growth (Godin et al., 1999) and 

yield. Some of the traits studied by Mohamoud and Mohamoud, (2011) in rice were plant height, days to 

heading (booting), panicle length (spike length), number of tillers / plant for vegetative traits, grain yield/plant, 

100-grain weight, harvest index, number of panicles/plant, dry matter production (straw weight) for yield traits. 

Thus such parameters have been considered in the present study. The flag leaf is the primary source of 

assimilates for grain filling and grain yield (Briggs & Aytenfish, 1980; Khaliq et al., 2008). Awns have also 
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been observed as important photosynthetic organs which act as source of assimilates for grain formation as they 

are nearest plant parts to developing grains in spikelets (Khaliq et al., 2008). 

  

II. MATERIAL AND METHODS 

 

The seeds of Hordeum vulgare L. var. K-125 (Azad) were obtained from Chandra Shekhar Azad University of 

Agriculture and Technology, Kanpur. 

 

2.1 Preparation of Solutions 

For preparation of the experimental chemicals one gram each of the chemical was taken in an individual neat 

and clean beaker. These chemicals were dissolved in 500 ml distilled water with constant stirring. The volume 

of solution was finally constituted to one litre. This was the 1000 ppm stock solution of each chemical; the 

flasks containing the chemicals were covered with muslin cloth to avoid any contamination. For preparation of 

20, 40, 60 ppm solution of each chemical 20, 40, 60 ml of liquid from the stock solution was taken in a well 

cleaned measuring flask and continued to 1000 ml. 

 

2.2 Treatments  

Maximum Fe and Zn absorption by plants takes place upto tillering or preflowering stage. Split application of 

Zn is recommended i.e. foliar sprays two or three times (Singh, 2004). Fe and Zn application prior to sowing is 

considered best. Therefore, in the present investigation four applications were given, one prior to the seed 

sowing followed by three sprays at an interval of 14 days, starting with 20 DAS. 

Based on preliminary experiments and experiments on seedling growth the doses of 20, 40 and 60 ppm of Fe, 

Zn were applied alone or in combinations at soaking seed stage and three sprays at intervals of 14 days, the first 

spray being 20 DAS (days after sowing). Since combined dose of Fe20 + Zn40 ppm generally gave the best 

result a comparative study of this combined dose was made with 20 ppm of Fe – EDTA + 40 ppm of Zn – 

EDTA, written later as Fe + Zn (chelated).   

 

2.3 Twelve Treatments Were Applied As Follows 

1. Control  

2. Fe 20 ppm (Fe20)  

3. Fe 40 ppm (Fe40)  

4. Fe 60 ppm (Fe60)  

5. Zn 20 ppm (Zn20)  

6. Zn 40 ppm (Zn40)  

7. Zn 60 ppm (Zn60)  

8. Fe20 + Zn20  

9. Fe20 + Zn40  

10. Fe40 + Zn20  

11. Fe40 + Zn40  

12. 20 ppm of Fe – EDTA + 40 ppm of Zn 

EDTA  

i.e. Fe + Zn (Chelated)  

 

III. RESULTS AND DISCUSSION 

 

Summing up the results of yield and yield parameters it can be concluded that Fe and Zn treatments had a 

promoting effect. Chart A and B reveals the best effect and maximum percentage increase over control with 

treatmeants. Comparing Fe application alone, Fe20 induced earliest anthesis (minimum time taken was 80.92 

days), maximum increase in flag leaf area (9.63 cm2), tiller number /plant (2.41), spike number (2.33), spikelet 
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number on main spike (17.33). spikelet number / plant (50.39), peduncle length (7.33 cm), spike length (8.16 

cm)…Chart A, grain number on main spike (46.16), grain number / plant (123.00), grain weight of 100 seeds 

(4.650g), grain weight / plant (4.63g) straw weight/ plant (15.16 g) and harvest index (22.66)…Chart B. 

However, Fe40 was better for promoting early booting (70.58 days) and increasing awn length (13.10cm). 

Among the Zn treatments applied alone Zn20 promoted best effect in early anthesis (79.50 DAS), awn length 

(13.76 cm) and grain number / plant (133.92) i.e. percent increase over control being 4.70%, 22.20% and 

33.65%, respectively. All other yield and yield parameters were promoted most with Zn40 application. The 

effect of Fe60 and Zn60 showed a decreasing trend as compared to their lower doses and so not shown in the 

Charts. 

Combined treatments of Fe + Zn were in all respect better in promoting yield parameters than their treatments 

given individually. Fe20 + Zn20 was best in inducing early anthesis (75.75 DAS i.e. 9.19% earliness over 

control) .Fe20 + Zn40 was the best application for most yield parameters like flag leaf area (13.07 cm2), tiller 

number/plant (3.25) spike number (3.17) spikelet number (20.66) spikelet number /plant (64.58), awn length 

(14.90 cm) spike length (9.83 cm) grain number on main shoot (54.58%), grain wt of 100 seeds (4.88), grain 

wt/plant (10.34), straw wt. (22.56) and harvest index (31.16). Fig.1a shows that Fe20 brought 9.05 percentage 

increase over control in the harvest index. Zn40 increased it by 12.22%, Fe20 + Zn40 promoted the increase to 

49.95%. With Fe + Zn (chelated) the percentage increase over control was further promoted to 72.14. Fig.1b 

indicates that results on harvest index with Fe+Zn chelated was far above other treatments..Harvest index with 

all single treatments were at par with control. 

In the present investigation Fe or Zn when given alone as foliar spray increased the flag leaf area, spike length, 

peduncle and awn length. Combined applications and Fe + Zn (chelated) were still more effective. Flag leaf 

plays an important role in grain yield (Wan and Shong, 1981; Sheela et al., 1990; Raj and Tripathi, 2000), 

spikelet fertility (Sheela et al., 1990; Regina et al., 1994); spike length (Bashar et al., 1990; Rao, 1992) and 

grain size and weight (Das et al., 1981; Faisal, 2014). The grain yield and yield related traits were positively 

related to flag leaf area (Ashrafuzzaman, et al., 2009). Broader flag leaves help in greater yield (Dutta et al., 

2002) as also observed in the present investigation. 

Flag leaf area, awn length, number of grains per spike and 1000 grain weight demonstrated positive and 

significant association with grain yield/plant (Ali et al., 2010) in wheat as also observed in barley in the present 

work. Awns and flag leaf play a dominate role in carbohydrate production in wheat (Li et al., 2006; Khaliq et 

al., 2008). Early tillering, early booting, early anthesis and early maturity of grain was a phenomenon observed 

with treatments. The results of many researchers revealed the application of balanced fertilization significantly 

increased grain yield. Fe and Zn had a significant effect on important traits, tiller number, 1000 kernel weight, 

spike length grain number/spike and protein content (Narimani et al., 2010). Foliar application with Fe or Zn 

increased number of spikes/plant, number of grains/spike can be the result of higher photosynthetic processes, 

biochemical and physiological activities. Similar results were reported by Habib, 2009 and Zeidan et al., 2010.  

A study of literature reveals that mineral and chelating agents when supplied alone or in combination increased 

growth and yield (Sekhon, 2003; Mosanna and Behrozyar, 2015). The literature has also helped understand that 

enhanced growth with chelators like EDTA could be due to its ability to act as auxins and also to combine with 
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metals and transport them into the plant system thus decreasing mineral deficiencies and increasing productivity 

of crops.  

 

IV. TABLES AND FIGURE 

Chart A: Effect of Fe and Zn on yield and yield parameters of Hordeum vulgare L. 

Treatments  

Parameters 

 

Contro

l 

Fe alone Zn alone                                Fe + Zn  Fe+Zn 

(Chelated) Fe20 Fe40 Zn20 Zn40 Fe20+Zn

20 

Fe20+Zn4

0 

Fe40+Zn2

0 

Fe40+

Zn40 

Booting 

(DAS) 

74.08 70.9* 70.58* 

(-4.72) 

71.16 70.08* 

(-5.40) 

71.08 67.58* 66.83* 

(-9.79) 

68.75

* 

 

66.66* 

(-10.02) 

Anthesis 

(DAS) 

83.42 80.92* 

(-3.00) 

81.00* 79.50* 

(-4.70) 

79.67* 75.75* 

(-9.19) 

77.17* 79.00* 77.83

* 

 

75.33* 

(-9.70) 

Flag leaf 

area (cm
2
) 

7.37 9.63* 

(30.66) 

9.13 9.82* 10.18* 

(38.12) 

12.17* 13.07* 

(77.34) 

11.92* 11.37

* 

 

14.96* 

(102.99) 

Tiller no. 

/plant  

1.33 2.41* 

(81.20) 

2.08* 2.83* 2.91* 

(118.79) 

2.83* 3.25* 

(144.36) 

3.00* 2.91* 

 

3.41* 

(156.39) 

Spike 

no./plant  

1.33 2.33* 

(75.18) 

2.08* 2.67* 2.75* 

(106.77) 

2.83* 3.17* 

(138.34) 

2.92* 2.83* 

 

3.25* 

(144.36) 

Spikelet No. 

on main axis  

13.50 17.33* 

(28.37) 

17.30* 17.33* 18.00* 

(33.33) 

17.16* 20.66* 

(53.03) 

18.50* 18.50

* 

 

20.83* 

(54.29) 

Spikelet No. 

/ plant  

29.58 50.39 

(70.35) 

44.20* 52.58* 54.17* 

(83.09) 

54.58* 64.58* 

(118.32) 

57.83* 57.50

* 

 

65.50* 

(121.43) 

Peduncle 

length (cm) 

6.83 7.33 

(7.32) 

7.00 7.00 8.00* 

(17.13) 

7.33 12.66* 13.66* 

(100.00) 

5.83 

 

13.85* 

(102.78) 

Awn length 

(cm) 

11.26 12.73 13.10 

(16.34) 

13.76* 

(22.20) 

13.73* 14.23* 14.90* 

(32.33) 

14.20* 12.13 

 

15.00* 

(33.21) 

Spike length 

(cm) 

6.66 8.16 

(22.52) 

7.66 7.33 9.50* 

(42.64) 

8.00 9.83* 

(47.60) 

8.66 6.50 

 

9.94* 

(49.25) 

*significant earliness/increase at 5%level 

Figures in parenthesis depicts percentage increase over control for best effect with Fe/Zn, Fe+Zn and 

Fe+Zn chelated treatments 

 

 



 

47 | P a g e  

Chart B: Effect of Fe and Zn on yield and yield parameters of Hordeum vulgare L. 

Treatments  

Parameters 

 

Contro

l 

Fe alone Zn alone                                        Fe + 

Zn 

        Fe+Zn 

(Chelat

ed) Fe20 Fe40 Zn20 Zn40 Fe20+Zn2

0 

Fe20+Zn4

0 

Fe40+Zn20 Fe40+Zn4

0 

Grain no. on 

main shoot 

33.08 46.16* 

(39.54) 

46.08* 44.91 47.08* 

(42.32) 

43.41  

 

54.58* 

(64.99) 

49.33* 

 

 

47.58* 54.83* 

(65.75) 

Grain no. / 

plant  

72.92 123.0* 

(68.68) 

113.2* 133.9* 

(83.65) 

132.9* 135.75*  

 

144.33* 144.92*  

 

145.75*  

(99.88) 

167.17* 

(129.25) 

Grain 

weight of 

100 seeds 

(g) 

4.588 4.65 

(1.35) 

4.61 4.75 4.85* 

(5.80) 

4.73   

 

4.88* 

(6.36) 

4.85* 

 

 

4.83* 4.975* 

(8.44) 

Grain 

weight / 

plant (g) 

2.93 4.63* 

(58.02) 

4.18 4.95* 5.60* 

(91.13) 

6.02* 

 

10.34* 

(252.90) 

5.19* 

 

4.57 14.11* 

(381.57) 

Straw 

weight (g) 

11.30 15.16 

(34.16) 

15.16 

(34.16) 

15.88 18.43 

(63.10) 

13.55 

 

22.56* 

(99.65) 

   15.30 

   

   13.10 25.32* 

(124.07) 

Harvest 

index  

20.78 22.66 

(9.05) 

21.55 22.91 23.32 

(12.22) 

30.72* 

 

31.16* 

(49.95) 

26.03* 

 

25.54* 35.77* 

(72.14) 

*significant increase at 5%level.  

Figures in parenthesis depicts percentage increase over control for best effect among Fe alone, Znalone,  Fe+Zn and 

Fe+Zn chelated treatments 
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V. CONCLUSION 

 

Treatments of Fe and Zn increased yield and yield parameters of barley. Combined treatments of Fe 

and Zn were more effective than their treatments given individually. Fe20 + Zn40 was the best 

application for most yield parameters like flag leaf area , tiller number/plant, spike number , spikelet number , 

spikelet number /plant , awn length , spike length ,grain number on main shoot , grain wt of 100 seeds , grain 

wt/plant , straw wt. , and harvest index . Chelated form of the combination was still more promoting. 
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