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ABSTRACT

Zinc (Zn) deficiency has started manifesting on some crops and in some soils in Nigeria, due to
reduction in the length of fallow periods, continuous cropping and planting of high-nutrients
demanding and high-yielding varieties of crops. In this study, field study was conducted during the
2014 and 2015 cropping seasons at the Teaching and Research Farm of the Federal University of
Technology, Minna, southern Guinea savanna of Nigeria, to investigate the effects of application
method of Zn on the growth and yields of maize. The treatments consisted of three rates of soil applied
Zn(0,2.5,and 5 kg Zn ha') at 2 weeks after sowing (WAS) and two rates of foliarapplied Znat2.5and 5
kg Zn ha' at 3 and 6 WAS. The experimental design was randomized complete block with three
replications. The initial soil extractable Zn was high, resulting in lack of response to Zn fertilization by
maize yields in 2014. Soil and foliar Zn application significantly improved the plant height of maize at 4
and 12 WAS only in both years. Maize stover and grain yields were increased by over | tonha'in 2015.
Grain yield in 2015 was significantly higher by 24 % over that of 2014. There was a build-up of soil
extractable Zn by adequate fertilization with Zn fertilizers. It was concluded that Zn fertilization will
not only increase yields of maize, but also build-up soil Znto a concentration level that will forestall
deficiency in the foreseeable future.
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INTRODUCTION

Zinc (Zn) is an essential trace element for the
growth and development of plants. Some of the
physiological functions of Zn in plants include
carbohydrate, protein, lipid, nucleic acid and auxin
metabolism, enzyme activation like RNA polymerases,
alcohol dehydrogenase, carbonic anhydrase, cell
proliferation, and differentiation and membrane integrity
(Alloway, 2008; Palmer and Guerinot, 2009). Besides
these, Zn plays a major role in chlorophyll development
and function, of which most important are the Zn-
dependent activity of spp peptidase and the repair process
of photo system 11 by turning over photo damaged D1

protein.(Hansch and Mendel, 2009). Deficiency o
reduces growth, tolerance to stress and chloropis
synthesis (Kawachi, et al., 2009; Lee et al.,2010).

Zinc occurs in soil in five distinct pools as =
soluble, exchangeable, adsorbed, chellated or comp
Zn with each pool having different strength
determines their solubility and susceptibility to 3
uptake, leaching and extractability (Deb, 1992: Shas
al., 2013). The Zn that is available for plant uptake =
soil isthatwhichis present in the soil solution or ads:
in a labile form and thus, soil factors that affes
availability to plants are those which control the =
of Zn in soil solution and its sorption — desorption
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soil solution (Sharma et al., 2013), Some of these
% wclude total Zn content, clay content, calcium

= content, redox condition, soil available
status, microbial activity in the rhizosphere,
ion of micronutrients, especially iron and
. concentration of macronutrients, especially
sherous and climate (Alloway, 2008). The various
wis of Zn application may differentially affect grain
“elu er al., 2014). The deficiency of Zn in plants
Wil be observed in plants with soil application of Zn
ot high amount of Zn in the soil.

e entry of Zn into the plant is not hindered by soil
“Wwm in the case of foliar application. Foliarly —
Zn can be absorbed by leaf epidermis and then
“ed to the other plant parts via the xylem and the
‘Haslett er al., 2001). This is the reason why soil
‘wppication is less ceffective in increasing grain Zn
tration. However, when a high grain Zn
smeration is targeted, in addition to a high grain yield,
ned soil and foliar application is recommended
o al, 2014). Generally judicious application of Zn
w=r helps to not only increase crop production, but
%eips to enrich Zn in plant organs including grains
e al., 2008; Khan ef al., 2002; Phaltarakul et ai.,
Sadhalakshmietal., 2007).

Maize (Zea mays L) is an important cereal crop in
= with a total production of about 7,3 million metric
8 2009, (FAO, 2011). It is important in the context of
em for humans and livestock and as raw materials
masstries (Nuss and Tanumihadjo, 2010). Maize is
wally replacing millet and sorghum in the traditional
e systems of northern Nigeria (Chude er al,, 2003).
W S become a major staple crop with a per capital
ption of 60 kg year”' (Pauernfeind and Deritter,
- It is usually eaten fresh or milled into flour and
= 25 a valuable ingredient for baby food, cookies,
Besuis. ice cream, pan cake mixes, livestock feeds and a

Wb 1: Monthly rainfall for the period of study
Month Rainfall (mm)

Year

2014 2015
Iune 137 138.7
Bakhy 95.0 1155
Lugust 204.3 283.5
September 260.7 209.9
Oxtober 139.2 30.8
Total Rainfall 830.7 778.4

_ : Department of Geography. Federal University of
Metwology, Minna, :

variety of traditional beverages (Eleweanya et al., 2005).

The deficiency of Zn in some soils of Nigeria had
been predicted long time ago by Lombin (1983) and its
manifestation in recent times has been documented by
Kparmwang ef al., 1998. Soils of the savanna are the most
likely to be deficient in Zn due to their low soil organic
matter resulting from sparse vegetation cover and annual
bush burning, as organic matter has been reported to be the
main reservoir of available Zn in savanna soils of Nigeria
(Kparmwang et al., 1998: Mustapha and Singh, 2003).
Zinc has been described as one of the most limiting
nutrient for maize production in savanna soils (Chude er
al., 2003). Response to soil application of Zn in some
savanna soils have been reported by some workers Chude
et al, 2003; Uyovbsiere and Lombin, 1990). In a pot
experiment with some savanna soils, maize yield was
increased by soil application of Zn (Yusuf et al., 2005),

Overall, the very few attempts made to explore the
effect of Zn application on the growth and yields of maize
on the field in savanna soils have been on soil application
method, but not foliarly — applied Zn. This study therefore
had the objectives of investigating the effect of soil and
foiiar application of Zn on the growth and yie'ds of maize
in the southern Guinea savanna of Nigeria.

MATERIALSAND METHODS

Experimental site

The field experiments were conducted in 2014 and
2015 cropping seasons, at the Teaching and Research
Farms of Federal University of Technology, Gidan
Kwano, Minna (9°30°49.8"N;6°26' 17.5"E,207.8m ) in
the southern Guinea savanna ecology. Rainfall pattern is
monomodal with rainy season starting in March and
ending in October, Monthly rainfalls for the period of
study are shown in Table 1. The soil was classified as
Typic plinthustalf (Lawal et al., 2012). Prior to this study,
the field has been under fallow for many years, after being
sparing cultivated with maize and yam with no fertilizer
application.

Treatments and experimental design

Treatment consisted of 3 rates of soil applied Zn (0,
2.5,and 5kg Znha") at 2 WAS and 2 rates of foliar applied
(2.5 and 5kg Zn ha")at 3 and 6 WAS. The relatively low
rate of Zn was applied, because previous studies have
indicated relutively high extractable Zn contents of the
soils of the area (Lawal ef al., 2014). The experimental
design was randomized complete block with three
replications. The plot size was 6 m x 4 m to give a gross
plotsize of 24 m”. The net plot was 12 m?,

Agronomic practices

The field was manually cleared and ridged at 75 cm
apart. Maize variety, Oba super 2 (quality protein maize)
was sown (2 plants per stand) at 25cm within the ridge. All
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the plots have basal fertilizer application of 30 kg P ha as
single superphosphate, 30 kg K ha™ as muriate of potash at
2 weeks after sowing (WAS) after thinning was done to
one plant per stand. The recommended rate of N (90 kg N
ha') was applied in two split to all the plots. One — third
was applied at 2 WAS, while the remaining two-third was
applied at 5 WAS. The fertilizers were applied by side
banding at about 5 cm away from the seedlings and at
about 5 cm deep along the ridge. The source of Zn was
ZnS0,.7H,0. The soil applied Zn was done by mixing the
ZnS0, thoroughly with muriate of potask and applied
together. Foliar application was by preparing a spray
solution of 1.80 kg ZnSO, ha” in 400 litres of water as
described by Muhammad et. al., (2010) and sprayed onto
the leaves using hand sprayer. All the plots were hoe-
weeded at 2 and 5 WAS and remoulding was done at 8
WAS.

Soil sampling and analysis

Surface soil, (0 — 15 em) samples were collected
from ten points along four diagonal transects. The
samples were bulked together to form a composite sample
which was used to characterize the field before land
preparation. At maize physiological maturity, surface soil
samples were collected between two plants stand and the
furrow along two diagonal transects, bulked together to
give a composite sample per plot for determination of soil
extractable Zn. The soil samples collected were air—dried,
crushed gently and passed through 2 mm sieve and stored
for analysis.

Particle size distribution was determined by
Bouyoucos hydrometer method (Klute, 1986). Soil
reaction was determined potentiometrically in 1: 2.5 soil
to water suspension with the glass clectrode pH meter.
Organic carbon was determined by the Walkley and Black
wet oxidation method (Nelson and Somers, 1982).
Exchangeable bases were determined by extraction with
neutral 1 N NH,OAc. Potassium in the cxtract was
determined with flame photometer, while calcium and
magnesium was determined using atom.c absorption
spectrophotometer. Available phosphorous was extracted
by the Bray P1 method and the P concentration in the
extract was determined colorimetrically using
spectrophotometer. Total N was determined by Kjeldahl
digestion method (Bremner and Mulvaney, 1982). Zinc
was extracted using the diethylenetriamine penta-acetic
acid (DTPA) extractant (0.005 M DTPA + 0.01 M CaCl, +
0.1 M TEA) and Zn in solution were determined by

atomic absorption spectrophotometer.

Plant height and yield components

Plant height was recorded at 4, 8 and 12 WAS by
measuring from the soil level of maize plants to the tips of
the tallest leaf using meter rule. Ten maize stands from
middle row in each of the plot were selected and the mean
determined. The maize in the net plot was cut above

ground level at physiological maturity, dried and wes
using weighing balance to determine the stover 3
Maize grain yield was measured by harvesting maize
in the net plot. The ears were air dried , shelled
weighed. The grain yield was adjusted to 12 % m
content for each plot.

Statistical Analysis

Analysis of variance (ANOVA) was u
evaluate the treatment effects on data collected. !
separation was carried out on means using
multiple range test (DMRT) at 5 % level of probabil
computation was carried out by General Linear !
(GLM) procedure of SAS (SAS, 2002),

RESULTS AND DISCUSSION

Initial soil Properties

Some selected physical and chemical proj
the soil prior to land preparation in 2014 are
Table 2. The textural class of the surface soil was
loam. It had a slightly acidic soil reaction. The
reaction implies that most plant nutrients may be
available for the uptake of plants in the soil. B
Weil (2010) reported that most plant nutri
available for plants uptake in the pH range of 5.5
The soil organic carbon, total N and available P
low, while exchangeable Ca, Mg and K are
(Chudeer al.,2011; Esu, 1991).

Table 2. Some physical and chemical properties
soil prior to planting in 2014

Parameters Values
Sand (g kg™) 881
Silt (g kg") 36
Clay (z kg 83
Textural class Saﬁdy I
pH in H,O (1:2.5) 6.6
pH in CaCl, (1 : 2.5) 5.5
Organic Carbon (g kg™) 5.08

" Total Nitrogen (g kg™) - 0.06
Available P (mg kg™) 9
Exchangeable Bases (cmol kg'') ~ 2.80
Ca®' 0.66
Mg*" 0.18
kier 2.30

DTPA Extractable Zn (mgkg™)
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Effect of zinc fertilization on soil extractable
4 and 2015 seasons.

with the same letter (s) in a column are not

v different at 5 % level of probability.

1. T2 - 2.5 kg Zn ha'soil application at 2 WAS,

"% k2 Zn ha" foliar application at 3 WAS, T4 - 2.5 kg
. foliar application at 6 WAS, T5 -5 kg Zn ha'soil

wn at 2 WAS, T6- 5 kg Zn ha foliar application at

The extractable Zn content of the soil was high in
soil (Esu, 1991) and above the critical range of 0.2 t0 2.0
mgkg " for DTPA extractable Zn established by Sims and

Johnson (1991). The soil could therefore be regarded as

Wreatment  Extractable Zn being adequate in extractable Zn. Adequate extractable Zn
(mg kg™) have also been reported for soils of the area by Lawal et al.

Year (2014) and some soils of the same southern Guinea

2014 2015 savanna by Kparmwa:}g et al. (2000). The value of Zn

obtained (2.30 mg kg") is similar to the critical level of

T 3.60¢c 3.12a 2.20 mg kg established for some savanna soils in pot
T2 3.80¢ 4.32a experiment by Yusuf ef al. (2005). The relatively high
extractable Zn of the soil may be attributed to the soil

}3 : 3232 :'gga having been under fallow for many years resulting in Zn
Ts 463 < 3'23: not mined from the soil. Low extractable Zn in soils
Dl : usually results from reduction in length of fallow period,

T6 18.17a 4.22a crop intensification, planting of high yielding varieties,
T7 8.67b 4.04a use of high a.nalys]:s fertilizers with very l_iu.lc or no
SE+ 1.83 0.91 micronutrients and increased Zn removal (Singh er al.,

1999; Slaton et al., 2001).

Soil Zinc

The effect of Zn fertilization on the extractable
soil Zn is shown in Table 3. Zinc fertilization had
significant effect on soil extractable Zn only in 2014.
Foliar application of 5 kg Zn ha" at 3 WAS recorded the
highest Zn content of 18.17 mg kg' which was

T7-5kg Znha' foliarapplication at 6 WAS

significantly different from all other treatments. Some of
the foliar applied Zn might have been washed into the soil

Table 4: Effect of zinc fertilization on growth of maize in 2014 and 2015 seasons.

Treatment ' Plant height (cm)
Year
2014 2015

4WAS 8WAS  12WAS 4WAS  8WAS  12WAS
Tl 41.00b 158.17a  188.33ab 37.67b 148.17a 208.67ab
T2 41.67b 146.7a  166.83ab 46.90ab 156.00a 183.17b =
13 45.67ab 135402 180.07ab 47.23ab  158.80a 198.73ab
T4 46,00ab  138.53a 155.67b 48.53a 155.00a 188.67ab
15 4533ab  138.48a 198.50ab 50.33a 150.67a 215.17a
T6 49.00a 153.79a 201.67a 50.00a 147.33a 202.87ab
7 49.67a 142.67a 188.67ab 52.00a 159.00a 193.07ab
SE+ 1.86 13.15 14.68 3.34 533 9.72

Means with the same letter (s) in a column are not significantly different at 5 %
level of probability.

WAS- Week After Sowing,

T1- control, T2 - 2.5 kg Zn ha"'soil application at 2 WAS, 13-2.5 kg Zn ha’ foliar
application at 3 WAS, T4-2.5kg Znha' foliar application at 6 WAS, T5 -5 kg Zn
ha'soil application at 2 WAS, T6- 5 kg Zn ha' foliar application at 3 WAS, T7- 5
kg Znha' foliar application at 6 WAS.
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by rain, before entry into the leaves, thereby increasing
the soil extractable Zn. The ZnSO, which is the source of
Zn increased the soil extractable Zn when it get into the
soil. Zinc sulphate has a high water solubility of 95 %
which is above the least acceptable range of 40 to 30 %
required for nutrients in granular fertilizers to be in
available form in the soil (Mortvedt, 1992).

Generally, there was build-up of soil extractable
Zn even without Zn fertilization. The application of N, P
and K fertilizers resulted in increase in their concentration
in the soil v ith concomitant increase in microbial activity
in the rhizosphere might have enhanced the desorption of
Zn into the soil solution. The amount of Zn in solution and
its sorption-desorption from / into the soil solution are
controlled by soil factors including microbial activity in
the rhizosphere and soil micronutrients concentration and
pH (Alloway, 2008; Sharmaer al., 2013),

Growth and yields of maize

Maize plants height were significantly affected by
Zn fertilization at 4 and 12 WAS only in both seasons
(Table 4). At 4 WAS foliar applied 5 kg Zn ha” at 3and 6
WAS resulted to taller plants only when compared to the
control and soil applicd 2.5kg Znha'in 2014. However, at
the last sampled period, Skg Zn ha' foliar applind at
3WAS recorded the tallest plants only to foliar applied 2.5
ke Zn ha'. The increase in plant height with Zn

Table 5: Effect of zinc fertilization on yields of maize in 2014 and
2015 seasons.

fertilization may be attributed to increase in inte
distances on the plant (Kaya et al., 2010).
application of Zn has been reported to increase hei-
wheat, by Majid ef af (2014).

The cfTects of Zn fertilization on yields of i -
both scasons are shown in Table 5. Zinc fertilizat.
no significant effect on both stover and grain v
2014. The lack of significant response might be du<
relatively high Zn concentration in the experimen::
This is corroborated in the high Zn nutritional statu:
plants in 2014 in the absence of Zn applicatior
critical soil Zn level for maize on the field hav: *
established to range between 1.0to 1.4 mgkg " (R
al., 1986). Field soil values below 1.5 mg Zn L.
vsually considered as indicating deficiencies in cr o«
systems (Dobbermann and Fairhurst, 2000; Zar.
2009).

There was response to Zn fertil
irrespective of method and time of application bx
and grain yields of maize in 2015, Treatments w
fertilization recorded significantly higher grain vic - %
the control without Zn fertilization. Fertilizatior « = &
increased stover and grain yields by > 1 ton ha
control. Under field conditions, Zn fertilization bz »
reported to increase yields (Manzeke e/ af., 2014~
er al., 2001). It has been documented that Zn kic:
growth of plants through enhanced seedling vigow

m

i B

. Stover yield Grain ylield
Treatment (kg ha™) (kg ha™)
Year Year

2014 2015 2014 2015
T1 5500a 4700b 4100a 4067b
T2 4700a 5730ab 4100a 6517a
T3 4920a 6500a 4000a 6223a
T4 4900a 6390a 4200a 5387a
TS5 5480a 6040a 4913a 5510a
Té 4900a 6263a 4700a '5930a
T7 4500a 6343a 4080a 5953a
SE+ 410 421 502 475

Means with the same letter (s) ina column are not significantly different at 5 % level of probability.

T1- control, T2 - 2.5 kg Zn ha''soil application at 2 WAS, T3-2.5 kg Zn ha" foliar application at 3 WAS, T4-2.5kg /n
foliar application at 6 WAS, 1% -3 kg Zn ha'soil application at 2 WAS. T6- 5 kg Zn ha' foliar application at 3 WAS, T7- % 1.

Znha' foliarapplication at 6 WAS
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Table 6. Effect of zinc fertilization and season on yields

of maize.
Treatments Stover yield Grain yield
(kg ha™) (kg ha™)
Season (S)
2014 4986b 4200h
2015 5995a 5655a
SE + 162.91 186.61
Treatment (T)
T1 5100a 4083b
T2 5215a 4793ab
T3 5645a 5017ab
T4 5710a 5308a
T 5582a 5112a
T6 5760a 5315a
T 5422a 5212a
SE+ 304.78 349.11
Interaction
SxT NS NS

5kg Znha' foliarapplication at 6 WAS

wowth and chloropyll concentration resulting in
mereased uptake of putrients and crop productivity
Alloway, 2008; Cakmak et al., 1999; Manzeke et al.,
214).

Improved Zn nutrition of crops can alleviate biotic
wd abiotic stress events in crops on the ficld due to
senefits derivable from several physiological processes
scluding biosynthesis of growth hormones cssential for
shotosynthesis (Cakmak, 2000; Oosterhuis ef al., 1991;
Manzeke et al.,2014; Sharma et al., 1982).

The effect of Zn fertilization on yield when the two
seasons were combined together is shown in Table 6.
Vields were significantly higher in 2015 compared to
2914. Grain yield was increased by more than 1.3 tha” in
2015. These results may be due to the residual effects of
7n coupled with its build — up in the soil. Zinc fertilizers
are known to have residual effects that can last up to 4
vears (Martens and Westermann, 1991). When yield of the
mwo seasons were combined, foliar application had the
aighest grain yield even though not significantly different
from that ofithe soil applications. Judicious application of
Zn fertilizer helps to increase crop production (Sharma et
al., 2013). Soil or foliar application or combination of
both of them is an cffcctive way to improve grain yicld.
(Velueral,,2014).

Means with the same letter (s) in a column of a treatment group are not significantly different at 5 % level of probability.
T1-control, T2 - 2.5 kg Zn ha"'soil application at 2 WAS, T3-2.5 kg Zn ha' foliar applicationat 3 WAS, T4-2.5kgZnha
foliar application at’6 WAS, T5 -5 kg Zn ha 'soil application at 2 WAS, T6- 5 kg Zn ha' foliar application at 3 WAS, T7-

CONCLUSION

Soil and foliar Zn application mecthods
significantly increased yields of maize in the second
cropping season, implying the potential benefit of build —
up of soil Zn even in soil with initial sufficient
concentration level of extractable Zn. Fertilization with
Zn either by soil or foliar will build —up the soil Zn level
to prevent Zn deficiency in the futurc. Adequate
fertilization with N, P and K fertilizers enhanced the soil
Zn concentration and Zn nutrition of maize plant, thereby
improving its productivity.
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