
 

 

Original Research Article 
 

Zinc nutrition for improving the growth and yield of barnyard millet (Echinochola  

frumantacea l.)  

 

ABSTRACT 

Aims: To evaluate the effect of various levels and methods of zinc fertilization in improving the 

growth and yield of barnyard millet at different growth stages. 

Study design: Randomized Block Design (RBD) with three replications. 

Place and Duration of Study: A field experiment was conducted in the farmer’s field at Pasur 

village, Coimbatore district from January to April, 2022. 

Methodology: A field experiment was conducted with barnyard millet (Echinochloa 

frumentacea L.) var. MDU 1 by using different levels of ZnSO4 at 5, 10, 15, 20 and 25 kg ha
-1 

as 

basal soil application and foliar spraying of 0.25, 0.50 & 0.75% twice along with soil test based 

NPK as control in Randomized Block Design with three replications. The growth and yield 

parameters such as plant height, SPAD index, root length, lateral root length, root volume, no. of 

tillers, panicle length, panicle weight, 1000 grain weight, grain and straw yield were recorded as 

per standard protocols. 

Results: Application of soil test based NPK + 20 kg ZnSO4 ha
-1 

performed better in increasing 

the plant height (157.0 cm), SPAD index (46.3), root length (21.1 cm), lateral root length (16.3 

cm), root volume (3.80 cc) and yield attributes like number of tillers (5.06), panicle length (17.6 

cm), panicle weight (29.2 g) and 1000 seed weight (3.89g) of barnyard millet. Higher grain 

(2606 kg ha
-1

)
 
and straw yield (3411 kg ha

-1
) was also registered with the addition of soil test 

based NPK+20 kg ZnSO4 ha
-1

 which was 27.1% increase over NPK. 

Conclusion: Basal soil application of soil test based NPK + 20 kg ZnSO4 ha
-1 

was found optimal 

and economical for improving the growth and yield of barnyard millet variety MDU 1. 
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1. INTRODUCTION 

Barnyard millet is grown in tropical region of India, China, Japan, Central African 

Republic, Tanzania and Malawi and is the fourth most produced minor millet worldwide 

(Renganathan et al. 2020).  Although barnyard millet is nutritionally superior to other cereals, its 

utilization is very much limited due to the presence of anti-nutrients like phytates, polyphenols 

and tannins which reduce the bioavailability of micronutrients particularly Zn & Fe by chelation 

(Chandel et al., 2014, Renganathan et al., 2018). Further, Zn content in barnyard millet is also 

comparatively lesser (1.5 to 7.5 mg 100 g
-1

). Hence increasing the grain zinc content is essential 

to improve the dietary requirement and also to address the human malnutrition issues.  

 

Despite being the nutritious millet next to cereals, barnyard millet contains high phytic 

acid and phenolic compounds that act as an anti-nutritional factor in grains and flour, which 

reduces the bioavailability of Zn in human digestive tract. Research indicates that, Zn deficiency 

in soils can reduce the crop yield by 40% without showing any Zn deficiency symptoms in many 

crops. Hence developing effective Zn nutritional strategies is essential for achieving higher yield 

with better grain quality. Generally foliar spraying or combined soil and foliar application of zinc 

fertilizer under field conditions are highly effective and practical way to maximize the uptake 

and accumulation of zinc in whole grain (Xia et al., 2020). 

 

In India, Zn and Fe deficiencies are the most common in soils, especially in the soils 

under intensive cereal cropping systems. Generally, plants takes Zn in its divalent form and plays 

a fundamental role in basic biochemical processes such as enzyme catalysis or activation, protein 

synthesis, carbohydrate and auxin metabolism, chlorophyll production, pollen formation, 

cytochrome and nucleotide synthesis, maintenance of membrane integrity, and energy dissipation 

(Alloway, 2009; Nandal, and Solanki, 2021). Deficiency of Zn resulted in various abnormalities 

in plants development and became visible as deficiency symptoms such as reduction in flowering 

and fruit development, prolonged growth periods, delayed maturity, decreased yield and quality, 

sub-optimal nutrient-use efficiency, reduction in photosynthesis and nitrogen metabolism 

(Kathpalia and Bhatla, 2018, Rivera-Martin et al., 2020b, González-Caballo et al., 2022). 

 

Foliar application of micronutrients (Fe, Zn & B) plays critical role in crop growth by its 

involvement in photosynthesis process, respiration, biochemical and physiological activities of 



 

 

the crops (Sai Divya et al., 2021). Renganathan et al. (2020) reported that, foliar application of 

micronutrients at critical stages of the crop effectively absorbed and translocated to the 

developing panicle thereby producing more number of productive tillers and better filling in 

barnyard millet. The highest dry weight, leaf area index and plant height was recorded by the 

foliar spraying of 0.5% ZnSO4 which plays a vital role in cell division and growth of the plant 

(Reddy et al., 2018). Appropriate concentrations of Zn as foliar spraying is generally in the range 

of 0.1 to 0.5% ZnSO4·7H2O (w/v), but excessive concentrations could also cause severe foliar 

damage and reduce the crop yield (Zhang et al., 2020). The grain Zn recovery through foliar 

spraying was higher (26.4%) besides increasing the grain yield (Shankar et al., 2017). 

 

Soil application of Zn sources, had differential effect on the yield and quality of crop 

produces and maintaining sufficient Zn in the soil which is essential to achieve higher yield and 

profit. Soil Zn application also had positive effect on grain Zn concentration (Kaya et al., 2009) 

and plant Zn contents. Anandhan et al. (2021) reported that DTPA-Zn in the soil has been 

maintained adequately by the use of chelated zinc fertilizers which slowly releases zinc for the 

growth of millets and increased the zinc content and uptake by plants. Rai et al. (2016) reported 

a significant increase in the yield of millets due to zinc fertilization and increased the total dry 

matter production by its beneficial effect on physiological process, plant metabolism and plant 

growth (Shanmudasundaram et al., 2006). In this context, the study was proposed to know the 

effect of zinc fertilization practices on the growth and yield of barnyard millet MDU 1 and to 

optimize the rate and method of Zn application for higher yield and benefit. 

 

2. MATERIALS AND METHODS 

2.1 Experimental soil and location  

Field experiment was carried out at Pasur village, Coimbatore (N 11º16113, E 

077º06.475) to know the role of zinc in improving the growth and yield of barnyard millet 

variety MDU 1 on a mixed black calcareous soil belonging to Periyanayakenpalayam series. 

Genetically pure seeds of barnyard millet variety MDU1 was obtained from the Department of 

Plant Breeding and Genetics, AC&RI, Madurai and used for the experiment. The experimental 

soil was having low N, medium P and K with sufficient micronutrients except Zn which was 

deficient in the soil (Table 1).   

 



 

 

2.2 Treatments details 

The effect of zinc was explored through soil and foliar application for evaluating the 

impact on crop growth and productivity of barnyard millet (MDU1). The treatment structure 

comprised of: T1-Absolute control, T2- soil test based NPK, T3- NPK + soil application of 5.0 kg 

ZnSO4 ha
-1

, T4 - NPK + soil application of 10 kg ZnSO4 ha
-1

,T5 - NPK + soil application of 15 

kg ZnSO4 ha
-1

, T6 - NPK + soil application of 20 kg ZnSO4 ha
-1

, T7- NPK + soil application of 

25 kg ZnSO4 ha
-1

, T8- NPK +  foliar spraying of 0.25% ZnSO4 twice ,T9-NPK + foliar spraying 

of  0.50% ZnSO4  twice, T10 - NPK + foliar spraying of  0.75% ZnSO4 twice ha
-1

. The 

experiment was conducted with three replications on a plot size of 3m x 5m in a randomized 

block design. Growth and yield attributes of the crop was observed at harvest to know the effect 

of various levels and mode of Zn application. The grain and straw yield of the crop was recorded 

upon maturity to optimize the rate and method of Zn application. 

 

2.3 Fertilizer application 

Soil test based NPK (22:33:30 kg ha
-1

) was applied as nitrogen in two splits i.e., 50% 

each at sowing and the remaining 50% at 45 days after sowing by top dressing.  Entire dose of 

phosphorus and potassium was applied basally. The Zn treatments as soil application were 

carried out on the day of sowing and the foliar spraying was done twice at vegetative and panicle 

initiation stages of the crop.  

 

2.4 Observations  

2.4.1 Growth and yield attributes  

Plant height was measured from ground level to tip of the leaf at harvest stage and the 

mean height was expressed in cm. The root traits like root length (cm), lateral root length (cm) 

and root volume (cc) was also measured. The SPAD readings were recorded at harvest stage, as 

per the procedure, 3
rd

 leaf from the top (fully expanded leaf) was collected and measured at a 

wavelength of 940 nm using the chlorophyll meter (SPAD 502, Minolta Camera Co. Ltd., 

Japan). Five readings were taken in each plant at 90 DAS and the mean was expressed as the 

SPAD index. 

Root length was determined by measuring the length of root from the base of stem to the 

tip of lengthiest root and expressed in centimetre (cm). Lateral root length was determined by 

measuring the length of nodal root and expressed in centimetre (cm). The root volume was 



 

 

measured after washing the uprooted plants with running tap water to remove all the adhering 

soil particles and shade dried for 15 minutes. The roots were then immersed completely in a 

measuring cylinder which was filled with water. The water spilled out from the cylinder was 

collected and the volume was measured using a measuring cylinder and expressed as cubic 

centimetre (cc). One thousand seeds from each treatment were chosen at random and their 

weight was recorded using electronic balance as ISTA procedure. The average of 1000 seed 

weight was expressed in g. The number of tillers, panicle length (cm) and weight (g) was also 

measured at harvest stage.  

 

2.4.2 Grain and straw yield: Seeds were obtained from each plot and weighed after drying and 

seed yield per plot area of each treatment was recorded and expressed as kilogram. The straw 

yield of the crop was also measured from each plot and expressed as kilogram per hectare. 

 

2.5 Data analysis 

The data obtained from different components were statistically analyzed to find out the 

significance of difference among the treatments. The analysis of variance (ANOVA) was carried 

out to test the effect of treatments on the growth and yield of barnyard millet. Mean comparison 

was performed using the least significant differences test (LSD) at P = 0.05 (Panse and Sukhatme 

, 1978). 

 

3. RESULT AND DISCUSSION 

3.1 Growth parameters 

The growth attributes were significantly influenced by different levels and methods of Zn 

application and the data were presented in table 2. The maximum plant height was obtained by 

the soil application of ZnSO4 as compared to foliar spraying and the mean plant height ranged 

from 96 to 157 cm. The highest plant height (157 cm) was registered with the application of soil 

test based NPK +20 kg ZnSO4 ha
-1

 and the lowest plant height (96 cm) was recorded in absolute 

control. The plant height at harvest was significantly higher due to Zn treatments which might be 

due to its involvement in chlorophyll formation, cell elongation and division which led to 

increase in many metabolic activities resulting in higher growth and in agreement with findings 

of Choudhary et al. (2005) and .Dadhich and Gupta (2016).  The SPAD index of the leaf was 

recorded higher in soil test based NPK + 20 kg ZnSO4 ha
-1 

(46.3) followed by NPK + 25 kg 



 

 

ZnSO4 (40.3) and the lowest SPAD index was recorded in absolute control (29.9). Addition of 

zinc regulates various metabolic activities in plants and is essential for the formation of 

chlorophyll and plays an important role in nitrogen metabolism (Suruthi et al. 2019).  

 

As compared to foliar spray, the growth of barnyard millet was highly improved by the 

soil application of zinc sulphate. The accessibility of micronutrients played a vital role in protein 

synthesis and enzyme activities of crops besides helped in effective utilization of applied NPK 

which might have led to improved growth attributes (Nciizah et al., 2020). 

 

3.2 Root traits 

The effect of ZnSO4 on the root traits of barnyard millet was recorded and reported in 

table 2. The longest root length and lateral root length was recorded with the application of soil 

test based NPK + 20 kg ZnSO4   ha
-1

 (21.1 cm and 16.3 cm) which was closely followed by the 

addition of NPK + 25 kg ZnSO4 (18.0 cm and 14.4 cm) and the least being noted in absolute 

control (10.7 cm and 8.53 cm). Higher root volume was also recorded with the same treatment 

(3.80 cc) and the lowest root volume was observed in absolute control (1.92 cc). Among the 

foliar treatments, spraying of 0.75% ZnSO4 registered higher root length, lateral root length and 

root volume of 15.7 cm, 12.9 cm and 2.83 cc, respectively which were comparable with the soil 

application of 5 kg ZnSO4 ha
-1

. This could be attributed to the significant influence of Zn on root 

growth and responsible for cell wall formation and stabilization. Further its application also 

increases endogenous hormones like auxins, gibberellins, and melatonin which benefit growth 

and development of the crop (Rai et al. 2016, Prakash and Chitdeshwari, 2021). 

 

3.3 Yield attributes 

Inclusion of zinc sulphate in the fertilizer schedule had significant influence on the yield 

attributes of barnyard millet also (Fig.1). The highest number of tillers (5.06) and panicle length 

(17.6 cm) was recorded in soil test based NPK + 20 kg ZnSO4 which was closely followed by the 

soil application of NPK + 25 kg ZnSO4.  Soil application of ZnSO4
 
significantly increased the 

number of productive tillers per meter (Khan et al., 2008). The weight of panicle and 1000 grain 

weight was also observed higher with the application of soil test based NPK + 20 kg ZnSO4 (29.2 

and 3.89 g) followed by the application of soil test based NPK + 25 kg ZnSO4 (27.6 and 3.74 g). 

Among the foliar treatments, spraying of 0.75% ZnSO4 showed better yield attributes. The 



 

 

lowest number of tillers, panicle length, panicle weight and 1000 grain weight were observed in 

absolute control (2.11, 10.3 cm, 18.7 g and 2.49 g, respectively). Application of zinc was 

effectively absorbed by the plants thereby producing more number of productive tillers and 

translocated to the developing panicle which resulted in better filling of barnyard millet grains. 

Similar studies were reported by Rajesh and Paulpandi (2013) in redgram and Sujatha et al. 

(2017) in panivaragu. 

 

3.4. Grain and straw yield 

 There were significant differences among the treatments with respect to grain and straw 

yield of barnyard millet (Table 3). Higher grain (2606 kg ha
-1

) and straw yield (3411 kg ha
-1

) 

were recorded with the application of soil test based NPK + 20 kg ZnSO4 ha
-1

 followed by the 

application of soil test based NPK + 25 kg ZnSO4 (2509 and 3220 kg ha
-1

). With regards to foliar 

spraying, soil test based NPK + 0.75% ZnSO4 resulted in higher grain yield of 2314 kg ha
-1

 and 

straw yield of 2925 kg ha
-1

. Between the two method of Zn application, basal soil application of 

ZnSO4 showed marked increase (27.1%) in grain yield than the foliar spraying (12.9%) as 

compared to soil test based NPK. The absolute control recorded lesser grain and straw yield of 

1701 kg ha
-1

 and 2117 kg ha
-1

, respectively. Sandhya Rani et al., (2017) reported higher grain 

and straw yield of finger millet with the application of recommended NPK with ZnSO4. 

Vijyakumar et al., (2020) found that application of Zn along with N and P enhanced the grain 

yield, stover biomass and total biomass of finger millet as compared to the addition of N and P 

alone. Further, addition of Zn might have activated the molecular and physiological mechanisms 

necessary for the biosynthesis and accumulation of secondary metabolites and supported better 

photosynthetic efficiency, thus increased the grain yield and dry matter production (Elizabath et 

al., 2017, Prakash & Chitdeshwari, 2021). 

 

4. CONCLUSION 

 Results showed better growth and yield response of barnyard millet to various levels and 

method of zinc sulphate application. Soil application of zinc sulphate provided better nutrient 

availability and improved the growth, yield and yield attributes of barnyard millet than foliar 

application. Basal soil application of 20 kg ha
-1

 ZnSO4 along with soil test based NPK was found 

to be superior in improving the growth, yield attributes and yield of barnyard millet. Based on 

the experimental results, it can be concluded that, for obtaining higher growth, yield and yield 



 

 

attributes of barnyard millet, inclusion of 20 kg ZnSO4 ha
-1

 along with soil test based NPK may 

be followed. 
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Table 1: Initial characteristics of the experimental soil 

pH EC 

(dS m
-1

) 

Organic carbon 

 (g kg
-1

) 

Available nutrients  (kg ha
-1

) DTPA Zn 

(mg kg
-1

) 
Nitrogen Phosphorus Potassium 

8.10 0.33 5.50 267 7.43 236 0.66 



 

 

 

Table 2. Effect of various levels and mode of ZnSO4 application on the growth attributes 

and root traits of barnyard millet 

 

Treatments (ha
-1

) 

Growth attributes Root traits 

Plant 

height(cm) 

SPAD Root 

length 

(cm) 

Lateral 

root 

length(cm) 

Root 

volume 

(cc) 

T1 - Absolute control 96
f
 29.9

f
 10.7

f
 8.53

h
 1.92

f
 

T2 - Soil test based NPK 106
e
 34.4

de
 13.5

e
 9.90

g
 2.43

e
 

T3 - NPK + Soil application of 5.0 kg ZnSO4 120
cd

 35.2
cd

 14.8
cd

 11.8
ef

 2.67
cd

 

T4 - NPK + Soil application of 10.0 kg ZnSO4  127
c
 37.6

bc
 15.7

c
 12.6

de
 2.83

c
 

T5 - NPK + Soil application of 15.0 kg ZnSO4 142
b
 39.8

b
 17.3

b
 13.5

bc
 3.11

b
 

T6 - NPK + Soil application of 20.0 kg ZnSO4 157
a
 46.3

a
 21.1

a
 16.3

a
 3.80

a
 

T7 - NPK + Soil application of 25.0 kg ZnSO4 150
ab

 40.3
b
 18.0

b
 14.4

b
 3.23

b
 

T8 - NPK+ Foliar spraying of 0.25% ZnSO4 twice 109
e
 29.8

f
 14.1

de
 10.4

fg
 2.53

de
 

T9 -NPK+ Foliar spraying of 0.50% ZnSO4 twice  114
ed

 31.8
ef

 15.1
c
 12.3

de
 2.72

c
 

T10 - NPK+ Foliar spraying of 0.75% ZnSO4 twice 118
d
 33.6

de
 15.7

c
 12.9

cd
 2.83

c
 

SEd 4.19 1.32 0.44 0.44 0.07 

CD (P=0.05) 8.81 2.78 0.92 0.93 0.16 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

               Table 3.  Effect of various levels and mode of ZnSO4 application on grain and 

straw yield of barnyard millet 

 

Treatments (ha
-1

) 

Yield (kg ha
-1

) 

Grain   Straw  

T1 - Absolute control 1701
g
 2117

h
 

T2 - Soil test based NPK 2050
f
 2464

g
 

T3 - NPK + Soil application of 5.0 kg ZnSO4 2167
de

 2611
f
 

T4 - NPK + Soil application of 10.0 kg ZnSO4  2247
cd

 2793
e
 

T5 - NPK + Soil application of 15.0 kg ZnSO4 2471
b
 3110

c
 

T6 - NPK + Soil application of 20.0 kg ZnSO4 2606
a
 3411

a
 

T7 - NPK + Soil application of 25.0 kg ZnSO4 2509
ab

 3220
b
 

T8 - NPK+ Foliar spraying of 0.25% ZnSO4 twice 2090
e
 2687

f
 

T9 -NPK+ Foliar spraying of 0.50% ZnSO4 twice  2192
de

 2811
e
 

T10 - NPK+ Foliar spraying of 0.75% ZnSO4 twice 2314
c
 2925

d
 

SEd 54.8 48.9 

CD (P=0.05) 115 102 

 

 



 

 

 

 

Figure 1. Effect of various levels and mode of ZnSO4 application on the yield attributes of 

Barnyard millet  


