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ABSTRACT

The field experiment was conducted in Randomized Block Design (RBD) with three replications at 
Agricultural Research Station (ARS), Mandor, during the rainy season of 2018 on sandy loam soil of 
low nitrogen, low phosphorus, low zinc, low iron and medium potassium content with 7.8 pH. The soil 
application of zinc sulphate heptahydrate @ 25 kg/ha at the time of sowing + foliar application of 0.5% 
solution of ferrous sulphate at 30 and 45 days after sowing recorded 9%, 40.7%, 9.5% and 6.9% higher 
plant height, number of tillers/plant, panicle length and panicle girth at harvest, respectively over control. 
The grain yield (38.9 q/ha) with soil application of zinc sulphate @ 25 kg/ha + foliar application of 0.5% 
ferrous sulphate solution was increased by 47% over micronutrient deficient control. This treatment also 
recorded a maximum net return (` 57632/ha) with a B: C ratio of 4.15.

HIGHLIGHTS

mm The role of micronutrients (zinc and iron) is vital for various plant growth and developmental 
processes.

mm Foliar application is readily available for plant uptake, and thus it becomes generally more effective 
than its soil application.

mm Pearl millet growth parameters and yield can be increased substantially due to soil application of 
zinc sulphate and foliar application of ferrous sulphate in western Rajasthan conditions.
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Pearl millet is popularly known as “Bajra” and 
belongs to the family of Gramineae. Pearl millet is 
a coarse grain crop suitable to cultivate in drylands 
and considered the poor man’s source of staple 
nourishment. It is grown in many countries, China, 
India, South-Eastern Asia, Sudan, Pakistan, Arabia, 
Russia, & Nigeria. It is produced in the arid and 
semi-arid regions with fourth place after rice, wheat 
and sorghum, both in the area (7.41 mha) and 
production (10.30 mt) with a yield of 1391 kg/ha 
(Satyavathi 2021). Significant pearl millet producing 
states in India are Rajasthan, Maharashtra, Haryana, 
Uttar Pradesh and Gujarat; however, its productivity 
is high in Tamil Nadu. Pearl millet is used for both 

human food as well as valuable animal fodder. Its 
grains have very high nutritional value and are 
traditionally used for human consumption and 
fodder is used for livestock, both in fresh and dried 
forms. Although Rajasthan contributes about 50% 
of the total pearl millet area in India, the average 
productivity in the State is low. Besides aberrant 
weather conditions, the soils of Rajasthan are poor 
in macro and micronutrients especially nitrogen, 
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phosphorus, sulphur, zinc and iron. There are 
multi-nutrient deficiencies in plants under such 
conditions, resulting in low yields (Sahu et al. 2007). 
There are 48% and 12% soils are deficient in Zn and 
Fe, respectively, in India (Singh 2008). The role of 
micronutrients (zinc and iron) is vital for various 
plant growth and developmental processes (Bybordi 
and Mamedov 2010; Kim and Rees 1992; Rakshit et 
al. 2018). Many workers (Rahman et al. 2015; Singh 
et al. 2013; Kumawat et al. 2006; Salam et al. 2004) 
reported that growth attributes and productivity 
of crops were increased with the application of 
micronutrients (Zn and Fe). Given this, to enhance 
the productivity of pearl millet through zinc and 
iron application, an attempt was made in arid and 
semi-arid conditions of western Rajasthan.

MATERIALS AND METHODS
The field experiment was conducted during  the 
Kharif (rainy) season of 2018 at Agricultural 
Research Station (ARS)-Mandor, Agriculture 
University, Jodhpur on sandy loam soil of low N, 
low P2O5, low Zn and low Fe and medium K2O 
content with 7.8 pH. There was 31.6 to 39.7 oC mean 
daily maximum and 23.9 to 29.5 oC mean daily 
minimum temperature during the crop growing 
season. During the crop growth period (Standard 
Meteorological Week, 26th to 38th, 2018), there were 
15 rainy days and a total of 227.2 mm of rainfall was 
received. The Randomized Block Design (RBD) was 
used for experimenting with nine treatments and 
three replications. The treatments comprised of T1- 
RDF (except Zn and Fe fertilizers), T2 – T1 + 25 kg/ha 
Zinc Sulphate (21% zinc) as soil application at the 
time of sowing, T3 – T1 + 25 kg/ha Ferrous Sulphate 
(19% iron) as soil application at the time of sowing, 
T4 – T1 + Foliar spray of 0.5% Zinc Sulphate (21% 
zinc) solution at 30 and 45 days after sowing, T5 – T1 
+ Foliar spray of 0.5% Ferrous Sulphate (19% iron) 
solution at 30 and 45 days after sowing, T6 –T1 + 25 
kg/ha Zinc Sulphate (21% zinc) as soil application 
at the time of sowing  + Foliar spray of 0.5% Zinc 
Sulphate (21% zinc) solution at 35 days after sowing, 
T7 –T1 + 25 kg/ha Ferrous Sulphate (19% iron) as soil 
application at the time of sowing + Foliar spray of 
0.5% Ferrous Sulphate (19% iron) solution at 35 
days after sowing, T8 – T1 + 25 kg/ha Zinc Sulphate 
(21% zinc) as soil application at the time of sowing 
+ Foliar spray of 0.5% Ferrous Sulphate (19% iron) 

solution at 30 and 45 days after sowing and T9 –T1 
+ 25 kg/ha Ferrous Sulphate (19% iron) as soil 
application at the time of sowing + Foliar spray of 
0.5% Zinc Sulphate (21% zinc) solution at 30 and 45 
days after sowing. Nitrogen and Phosphorus (30 kg 
each) were applied through urea and diammonium 
phosphate, respectively, at the time of sowing. The 
micronutrients (Zn and Fe) were applied through 
zinc sulphate heptahydrate (21% Zn) and ferrous 
sulphate heptahydrate (19% Fe), respectively, as 
per treatments at the time of sowing. The weeding 
was done at 30 days after sowing and then foliar 
applications of zinc and iron were done in respective 
plots as per treatments. A quantity of 5 g of zinc 
sulphate and ferrous sulphate was used per liter of 
water for making 0.5% solution. The solution was 
neutralised by mixing slaked lime @ 2.5 g/liter of 
water. Crop variety MPMH 17 was sown on 5th July 
2018. There was a gap in rainfall at 25 days after 
sowing therefore, one irrigation was applied at 25 
DAS for proper growth and development of the 
crop. The observations of growth, yield and yield 
attributes were recorded at harvest.

RESULTS AND DISCUSSION

Productivity

Pearl millet growth and yield in terms of plant 
height, the number of tillers/plant, panicle length, 
panicle girth, grain yield, and fodder yield were 
significantly increased over control with soil 
application of zinc sulphate + foliar application of 
ferrous sulphate (Graph 1). The application of zinc 
sulphate @ 25 kg/ha (T2) increased the plant height 
and number of tillers per plant by 7.6% and 3.3%, 
respectively, over control. The vigorous growth of 
plants is attributed to cellular growth, differentiation 
and metabolism in which zinc plays a pivotal role 
leading to increased growth parameters (Prasad et 
al. 2014 in pearl millet, Sharma et al. 2004 in cluster 
bean; Khorgami and Farnia 2006 in chickpea). The 
effect of zinc, which is involved in IAA synthesis 
and also metabolic process in plants (Verma and 
Yadav 2004), resulted in increased plant height and 
number of tillers. Similar results of the significant 
effect of soil application of zinc sulphate on 
plant growth parameters were also reported by 
Karwasra and Kumar (2007), Sharma and Abrol 
(2007), Kharol et al. (2014) and Solanki et al. (2017). 
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The growth and yield parameters substantially 
increased when soil application of zinc sulphate 
was supplemented with foliar application of ferrous 
sulphate (T8). The plant height, the number of 
tillers/plant, panicle length and panicle girth was 
increased by 9%, 40.7%, 9.5% and 6.9%, respectively 
over control. This might be due to the requirement 
of both the micronutrients by uptake through the 
soil and a foliar application. This may also be due 
to more response of supplemented foliar spray than 
soil application which is affected by different factors 
like soil pH and light-textured calcareous soil. The 
effect of foliar fertilization of iron on plant growth 
parameters was well documented by many workers 
(Trivedi et al. 2011 in soybean, Choudhary  et al. 
2018 in mungbean, Fouda and Elhamied, 2017 in 
cowpea, Bhamare  et al.  2018 in french bean). The 
increased leaf area (Kumawat et al. 2006 and Ali et 
al. 2008) and increased stem diameter (Malakouti 
and Tehrani, 2005) also contributed to an increase 
in growth parameters due to foliar application of 
ferrous sulphate. The favourable effect of zinc and 
iron on photosynthetic and enzymatic activities 
would increase the vegetative growth of plants 
(Thalooth  et al.  2006). The more carbohydrates 
synthesis due to ferrous supply may also be the 
reason for more growth of plants as reported by 
Sharma (2006) in fenugreek and (Kumawat  et al. 
2006) in mungbean. The maximum increase in the 
yield parameters and grain and fodder yield of pearl 

millet were recorded when soil application of zinc 
sulphate @ 25 kg/ha was supplemented with 0.5% 
foliar spray of ferrous sulphate. Foliar iron is readily 
available for plant uptake, and thus it becomes 
generally more effective than soil application. These 
results are also in confirmation to that of earlier 
reported by Vaja et al.  (2020), Meena  et al.  (2018) 
in pearl millet, Gaffar  et al. (2011) in Sugarcane, 
Habib (2012) in wheat, Roy  et al.  (2013), Jamal  et 
al.  (2018) in mungbean, Khan  et al.  (2017) and 
Elayaraja (2018) in sesame. The supplementary 
foliar spray might fulfil the nutritional demand of 
plants during pre-flowering stages leading to more 
photosynthetic efficiency with better partitioning of 
photosynthates from leaf to seed which increases 
seed weight (Bybordi and Malakouti  2003) and 
finally increase seed and stover yield (Guruprasad et 
al. 2009; Mondal et al. 2011; Saini and Singh 2017). 
A similar effect of foliar spray of iron was observed 
by Anitha et al. (2005) in oxisols.

Profitability

Net return:  The maximum increase in net return 
was recorded (Graph 2) when soil application of 
zinc sulphate @ 25 kg/ha was supplemented with 
0.5% foliar spray of ferrous sulphate (T8) which was 
marginally followed by T6 (25 kg/ha Zinc Sulphate 
(21% zinc) as soil application + 0.5% solution of Zinc 
Sulphate (21% zinc) as foliar spray at 35 days after 

Graph 1: Growth and yield of pearl millet under different treatments of zinc and iron application
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sowing). Foliar iron is readily available for plant 
uptake and thus it becomes generally more effective 
than its soil application. The supplementary foliar 
spray increased the gross return which ultimately 
led to maximum net return. However, only soil 
application of zinc sulphate (T2) increased the gross 
return with considerable no change in cost resulting 
in at par return with those supplemented with the 
foliar application which resulted in 48% higher 
net return over control. Similar findings of higher 
net returns were also reported by Sammauria and 
Yadav (2010) in fenugreek, Patel  et al.  (2011) in 
cowpea and Gupta (2012) in fennel.
B:C ratio:  The practicability and usefulness of 
treatments are ultimately judged in the B: C ratio, 
which is the deciding parameter for declaring the 
most suitable treatment combination. In the present 
experimentation, the B: C was maximum (4.15) in 
soil application of zinc sulphate @ 25 kg/ha + foliar 
application of ferrous sulphate at 30 and 45 days 
after sowing (T8). The control recorded minimum 
benefit-cost ratio (3.27) followed by 3.64 in T9 (soil 
application of 25 kg/ha Ferrous Sulphate (19% iron) 
at the time of sowing + Foliar spray of 0.5% Zinc 
Sulphate (21% zinc) solution at 30 and 45 days after 
sowing). The higher cost of ferrous sulphate might 
reduce B: C ratio in ferrous sulphate soil application 
treatment. On the other hand, the comparatively 
lesser cost of zinc sulphate with better response in 
respect to yield might have resulted in a higher B: 
C ratio in zinc sulphate treatment.

CONCLUSION
The majority of soils in India are significantly 
deficient in zinc and iron micronutrients. Rajasthan 
state is also not untouched in these deficiencies 
mainly because of edaphic and climatic conditions 
of the State. Since pearl millet is an important food 
crop that fits better in the state’s physicochemical 
conditions of soil and agro-climatic conditions, 
it becomes essential to increase the average 
productivity of this crop in the State. The findings 
of the present attempt concluded that zinc sulphate 
@ 25 kg/ha as soil application + foliar application of 
0.5% solution of ferrous sulphate at 30 and 45 days 
after sowing could enhance the productivity of pearl 
millet in western Rajasthan conditions.
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