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Response of maize (Zea mays) to foliar application of Zinc and Boron
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ABSTRACT

A field experiment was carried out during the summer 2018 at Student Instructional Research Farm of
Moradabad, Uttar Pradesh to find out the effect of foliar application of different doses of zinc and boron at different
stages of maize (Zea mays L.) growth. The foliar application of 1.0% zinc (Zn) and boron (B) at 30,40 and 50 days
after sowing of maize significantly influenced the plant height, cob length, cob girth, number of grain rows, grains/
row and seed index. The grain and stover yields of maize also maximum in the same treatment (1% Zn and B

spray 3 times).
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Zinc (Zn) is essential for the growth of animals, human
beings and plants. It is vital to the crop nutrition as required
in various enzymatic reactions, metabolic processes and
oxidation-reduction reactions. In addition, Zn is also essen-
tial for many enzymes which are needed for nitrogen me-
tabolism, energy transfer and protein synthesis. Plant en-
zymes activated by Zn are involved in carbohydrate me-
tabolism, maintenance of the integrity of cellular mem-
branes, protein synthesis, regulation of auxin synthesis and
pollen formation (Pooniya and Shivay, 2011). Zinc plays
an important role in increasing the maize yield (Majhi et.
al. 2018), and can control nitrogen management of this
plant. Grzebisz et al. (2008) reported that the increase in
nitrogen uptake rate by plant canopy at 2 growth stages, i.e.
from 7th to 9th leaf stage and from milk to physiological
maturity of grain, considered as secondary effect, was in-
duced by Zn application at early stage of maize growth.
Foliar application of zinc at 5th leaf stage can increase the
partial factor of fertilizer nitrogen productivity (PFPN) as
compared to the classical NPK fertilization.

Boron (B) is also an essential micronutrient for plant
growth and reproduction. It is important for carbohydrate
metabolism and their translocation and also plays an indis-
pensable role in plant cell-wall formation, integrity of
plasma membranes, pollen tube growth and increases pol-
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lination and seed development. Boron is essential for nor-
mal growth and development of all plants (Brown et al.,
2002). It plays an important role in the growth and devel-
opment of new cells in the plant meristems because it is
closely associated with cell-division in the growing region
of the plant that is near the tip of roots and shoots. It is also
needed for the growth of the pollen tube during flower
pollination and is therefore important for good seed set and
fruit development. Suitable B availability augments mer-
istematic growth, cross links cellulose molecules in cell-
wall, stimulates enzymes by combining diol comprising
groups in cell membrane, movement of sugar into budding
parts of plants, pollination and setting of seeds. Tissue of
boron-deficient plants often breaks down permanently,
causing brown flecks, necrotic spots, cracking and corky
areas in fruits and tubers. Soil application of micronutrient
is not very effective to recover these deficiencies in calcar-
eous and alkaline soils due to mass flow of micronutrients.
Therefore, an experiment was undertaken with foliar appli-
cations of different concentration of Zn and B at different
growth stages to evaluate the growth and yield of Maize.
The present field experiment was carried out during
summer, 2018 at Student Instructional Research Farm of
the Institute of Foreign Trade and Management University,
Lodhipur-Rajput, Delhi Road, Moradabad, Uttar Pradesh.
(28°21°-28°16" north latitude and 78°4" to 79° east longi-
tude and 198 m above means sea-level). The field was
fairlylevelled and have good drainage with assured irriga-
tion facility. The soil of experimental site was sandy loam
and have 7.0 pH. The experiment consisted of 10 treat-
ments viz. 3 Zn and B concentration, viz. 0.5, 0.75 and 1%
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and 3 foliar application time at 30, 40 and 50 days after
sowing (DAS) with 1 absolute control. The seeds of maize
cv. Pioneer ‘P 1866’ (Hybrid) were sown in lines at row-to-
row distance of 50 cm and plant-to-plant distance of 20 cm.
Nitrogen (N), phosphorus (P) and potassium (K) were ap-
plied @ 120, 60 and 40 kg N, P,O, and K,O/ha through
urea (46% N), diammonium phosphate (18% N, 46% P.O,)
and muriate of potash (60% K,0), respectively. One-third
N and whole P O, and K,O were applied at the time of
sowing, and remaining nitrogen was applied in 2 splits-
each at knee-high (35 days after sowing) and tasseling
stage. The required fertilizer quantity was mixed thor-
oughly and then placed in open furrows. Zinc sulphate and
borax were used for foliar application as per the treatment
concentration and time of application. The Zn and B foliar
application were done at 30, 40 and 50 days after sowing
of maize in 400, 500 and 600 liters water, respectively.
Results indicated that the application of Zn and B sig-
nificantly affected the growth and yield attributes of maize
(Table 1). Application of zinc and boron significantly influ-
enced the plant height, varying from 165.33 cm to 192.49
cm. Maximum plant height was recorded with the applica-
tion of 1% foliar spray of zinc and boron at 30, 40 and 50
DAS and it was at par with 0.75% of Zn and B foliar ap-
plication treatment. Plant height increased with the appli-
cation of zinc may be due to that it is a prosthetic group in
a large number of proteins and also involved in the activa-
tion of all the 6 groups of enzymes, viz. transferase, oxi-
doreductase, lysase, hydrolases, isomerases and ligases.
Our results confirm the findings of Kumar et al. (2019).
Significant effect of zinc and boron was observed on
yield attributes of maize. Maximum cob length was re-
corded with the application of 1% foliar spray of Zn and B
at 30, 40 and 50 DAS and it was at par with 0.75% of Zn
and B application. Similar results also obtained for cob
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girth, grains/row, rows/cob and seed index over control
treatment (Table 1). Stem girth was recorded maximum in
1% Zn and B foliar spray at 30, 40 and 50 DAS, but it was
non-significant with all treatments. Folizr application of Zn
and B facilitated augmentation in plant height, stem girth,
cob length and seed index over the control, which may be
attributed to role of zinc and boron in photosynthesis. Ap-
plication of zinc and boron might have stimulated enzymes
and thereafter improved carbon fixation. Thus, enhanced
photosynthesis with zinc and boron nutrition might have
encouraged dry-matter accumulation in vegetative parts of
the crop. Likewise, zinc and boron incited enrichment in
cob girth and 100-grain weight (seed index) recognized the
role of zinc and boron in activation of enzymes and photo-
synthesis. Equally, boron application might encourage ra-
dial cell-division and later enhanced stem girth over the
control. Moreover, B facilitated radial cell-division was
also established from boron intermediated augmentation in
cob girth. Our results confirm the findings of Manzeke et
al. (2014), Shivay and Prasad (2014) and Kumar et al.
(2019).

Study on mean values for grain yield was conveyed to
have significant changes among the treatment means that
wide-ranging from 2.78 to 5.12 t/ha (Table 2). The maxi-
mum grain yield was recorded in 1% foliar spray of Zn and
B at 30, 40 and 50 DAS (5.12 t/ha), followed by 0.75%
foliar spray of Zn and B at 30, 40 and 50 DAS (4.92 t/ha),
1% foliar spray of Zn and B at 30 and 40 DAS (4.89 t/ha),
while the least grain yield was recorded in the control (2.78
t/ha). Stover and biological yields of maize were also sig-
nificantly influenced by the application of Zn and B. Maxi-
mum stover and biological yields were recorded with the
application of 1% foliar spray of Zn and B at 30, 40 and 50
DAS being 25.74 and 30.85 t/ha, respectively. This might
be owing fact that to the foliar-applied Zn and B increased

Table 1. Effect of zinc and boron foliar application on plant growth and yield attributes of maize

Treatment Plant height Stem girth Cob length  Cob girth Grains/ Grain Seed
(cm) (cm) (cm) (cm) row rows/cob  index (g)

Control 165.3 7.1 13.6 12.1 28.0 15.3 17.3
Zn and B spray 0.5% at 30 DAS 175.1 7.3 14.4 12.5 28.4 15.7 19.0
Zn and B spray 0.5% at 30, 40 DAS 184.4 7.4 15.3 12.6 203 16.7 19.0
Zn and B spray 0.5% at 30, 40, 50 DAS 186.3 7.5 16.2 13.6 30.3 17.1 20.7
Zn and B spray 0.75% at 30 DAS 179.4 7.4 16.3 12.6 28.8 16.5 19.0
Zn and B spray 0.75% at 30, 40 DAS 188.9 7.6 16.3 13.6 30.9 17.3 21.7
Zn and B spray 0.75% at 30,40,50 DAS 191.4 7.7 16.7 13.9 32.7 17.9 21.9
Zn and B spray 1% at 30 DAS 185.2 7.5 15.9 13.1 30.0 16.7 19.3
Zn and B spray 1% at 30, 40 DAS 190.3 7.7 16.6 13.9 32.1 17.4 22.0
Zn and B spray 1% at 30, 40, 50 DAS 192.5 7.7 17.4 14.0 33.2 18.6 223

SEm+ 4.376 0.157 0.550 0.386 1.037 0.495 0.629

CD (P=0.0 5) 13.104 N.S. 1.646 1.157 3.105 1.483 1.882

DAS, Days after sowing
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Table 2. Yield (t/ha) and harvest index of maize as influenced by zinc and boron foliar application

Treatment Grain yield Stover yield Biological Harvest
(t/ha) (t/ha) yield (t/ha) index
Control 2.78 19.37 22.15 14.3
Zn and B spray 0.5% at 30 DAS 3.24 20.34 23.58 16.0
Zn and B spray 0.5% at 30, 40 DAS 3.51 21.47 24.98 16.3
Zn and B spray 0.5% at 30, 40, 50 DAS 4.43 23.43 27.85 18.9
Zn and B spray 0.75% at 30 DAS 3.39 21.34 24.73 15.9
Zn and B spray 0.75% at 30, 40 DAS 4.59 23.77 28.35 19.3
Zn and B spray 0.75% at 30,40,50 DAS 4.92 24.32 29.24 20.2
Zn and B spray 1% at 30 DAS 3.52 21.89 25.41 16.1
Zn and B spray 1% at 30, 40 DAS 4.89 24.07 28.96 20.3
Zn and B spray 1% at 30, 40, 50 DAS 5.12 25.74 30.85 19.9
SEm+ 0.108 0.350 0.335 0.382
CD (P=0.05) 0.322 1.049 1.003 1.143

DAS, Days after sowing

the photosynthesis and chlorophyll production that ulti-
mately increased the dry weight and yield (Tariq et al.,
2014). Grain yield is the mutual outcome of different char-
acters of the crop. Rise in grain yield under foliar-applied
Zn and B combination might be ascribed to distinguished
increase in complete yield-related traits. Equally, it might
be owing to advanced translocation of carbohydrates to
grains (Rajaie and Ziaeyan, 2009), which in the end give
rise to higher grain yield under foliar application of micro-
nutrients. Minimum stover and grain yield were recorded
in the control treatment (Table 2). Application of Zn and B
also affected harvest index significantly. Maximum harvest
index was recorded with the application of 1% foliar spray
of Zn and B at 30 and 40 DAS (20.31%)), being at par with
1% foliar spray of Zn and B at 30, 40 and 50 DAS
(20.23%) and 0.75% foliar spray of Zn and B at 30, 40 and
50 DAS (19.89%). The minimum harvest index was re-
corded in the control. Application of boron increased the
pollen-tube germination, seed setting and synthesis of pro-
teins carbohydrates (Moeinian ef al., 2011), which im-
proved the seed yield owing to application of B and other
micronutrients. Foliar application of Zn and B increased
the biological yield and harvest index, might be to owing
increased chlorophyll contents and grain yield. It might be
because of to activation of different physiological pro-
cesses like stomatal regulation, chlorophyll formation, en-
zyme activation and biochemical processes through appli-
cation of micronutrients (Cakmak, 2008) which resulted in
high dry matter and yield. Kumar et al. (2019) also re-
ported similar results.

It can be concluded that the results of the present study
show that foliar application of zinc and boron at different
growth stages of maize had roles on the vegetative growth
and yield. Application of zinc and boron @ 1% foliar spray
at 30, 40 and 50 days after sowing may be recommended

for getting high yield of maize.
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