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The effects of zinc biofortification of seeds and NPK fertilizer application
on the growth and yield of sesame (Sesamum indicum L.)
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The effects of zinc biofortification of seeds and NPK fertil-
izer application on the growth and yield of sesame (Sesamum
indicum L.)

Abstract: Soils of the southern Guinea savanna zone of
Nigeria are inherently infertile due to shortened fallow period
and the continuous use of inorganic fertilizer which depletes
the soil of micronutrients such as zinc over time. A field trial
was carried out at the Teaching and Research Farm of the Uni-
versity of Ilorin, Nigeria during the 2016 and 2017 cropping
seasons to evaluate the effect of zinc and NPK fertilizer on the
growth, yield and zinc concentration of seeds of sesame. The
experiment was laid out as a factorial fitted into a randomized
complete block design (RCBD), replicated thrice. The treat-
ment consisted of four levels of ZnSO, (0, 5, 10 and 15 kg ha™)
and four levels of NPK 15:15:15 (0, 100, 200 and 300 kg ha™).
Data collected were subjected to analysis of variance (ANOVA)
and means were separated using new Duncan multiple range
test at 5 % level of probability. Results obtained showed signifi-
cant effects of Zn and NPK rates on plant height, number of
leaves, yield per plot and yield per hectare. The application of
15 kg ha! Zn and 300 kg ha! (15:15:15) NPK resulted in high
yield and high zinc content of seeds.
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Ucinki biofortifikacije semen s cinkom in uporaba NPK gno-
jil na rast in pridelek sezama (Sesamum indicum L.)

Izvle¢ek: Tla v juzno gvinejski savanski coni Nigerije
so nerodovitna zaradi prekratkih obdobij prahe in stalne up-
orabe mineralnih gnojil, kar s ¢asom povzroc¢a obubozanje tal
na mikrohranilih kot je zink. Poljski poskus je bil izveden na
u¢nem in raziskovalnem posestvu Univerze v Ilorinu, Nigerija,
v rastnih sezonah 2016 in 2017 za ovrednotenje ucinka cinka
in NPK gnojil na rast in pridelek ter vsebnost cinka v semenih
sezama. Poskus je bil faktorski, popolni blo¢ni poskus (RCBD)
s tremi ponovitvami. Obravnavanja so obsegala §tiri ravni cinka
kot ZnSO, (0, 5, 10 in 15 kg ha™) in $tiri ravni NPK 15:15:15
(0, 100, 200 in 300 kg ha'). Variabilnost zbranih podatkov je
bila analizirana z ANOVA, popre¢ja so bila lo¢ena z multiplim
Duncanovim testom rangov pri 5 % verjetnosti. Izsledki so
pokazali znadilne u¢inke Zn in NPK na visino rastlin, $tevilo
listov, pridelek na ploskev in pridelek na hektar. Uporaba 15 kg
ha' Zn in 300 kg ha (15:15:15) NPK je dala najvecji pridelek
in najvecjo vsebnost cinka v semenih.

Kljucne biofortifikacija; sezam; rast; pridelek
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1 INTRODUCTION

Low input agriculture is no longer sustainable due
to increasing population, thus the use of inorganic fer-
tilizer for the improvement of growth and yield to pre-
vent hunger and starvation has become imperative (Gra-
ham et al., 2001), hence, farmers in the Guinea savanna
zone of Nigeria cultivate their crops intensively relying
on nitrogenous and phosphate fertilizers to increase
crop growth and yield. However, the continuous use of
inorganic fertilizer can deplete the soil of valuable mi-
cronutrients and sometimes can cause zinc antagonism
(Haas et al., 2016) and these valuable micro nutrients are
vital for crop growth and human health. Subsequently,
soils low in mineral composition produce seeds and veg-
etative parts with even lower mineral contents. Roughly
one third of the world’s population suffers from hidden
hunger which results from deficiencies of vitamins (par-
ticularly A and C) and minerals (such as zinc, iodine and
iron), which leads to illness that is more severe in chil-
dren than adults (GNR, 2003; Kennedy et al., 2004). Zinc
is involved in many enzymatic reactions in crops such
as carbohydrate metabolism and protein synthesis and
its shortfall results in discoloration of leaves, impaired
growth and delayed sexual development in human (Haas
et al,, 2016; Vootman & Bindraban, 2015; Haas et al,,
2012). Cakmak (2008) reported that over thirty percent
of the diet of the world's population is deficient in zinc.
This is attributed to crop production in areas with low
soil mineral availability and consumption of crops with
inherently low mineral content, low fish intake and other
animal products in their diet due to poverty (Graham
et al., 2001). Majority of rural dwellers in the southern
Guinea savannah zone of Nigeria depends on cereals as
staple food, have no access to fruits, vegetables and can-
not afford fish and animal products because of poverty.
Black et al. (2013) had reported severe zinc deficiency
in children under five years old in some parts of Africa
including Nigeria due to low zinc in their soil. In addi-
tion, this low zinc concentration in soil solution is due
to its limited mobility in the soil (Cakmak, 2014); hence
difficulty in plant roots to absorb it for its growth, devel-
opment and its availability in plant tissues. One of the
ways of overcoming this pitfall is through biofortification
using zinc.

Biofortification is a process of making essential nu-
trients bio-available to crops during crop growth using
agronomic and genetic methods (Bouis et al., 2011). Sev-
eral methods have been used for the biofortification of
crops, namely; breeding and agronomic approach using
inorganic fertilizer (Cakmak, 2008). Rice has been bio-
fortified with zinc in Bangladesh using breeding method
(Chowdhury, 2014) whereas Zou et al. (2012) reported
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an increase in the concentration of zinc by up to 20 parts
per million in wheat seeds in India and Pakistan by foliar
spray, but in maize and rice, foliar spray of zinc resulted
in only a small effect (Phattarakul et al., 2012). Suresh et
al. (2013) reported a significant improvement in growth
and yield of sesame using 25 kg ha'' ZnSO, but no report
of its concentration on the seeds. However, biofortified
staple foods cannot provide high level of minerals and
vitamin supplements compared to industrially fortified
foods, but they can help by increasing the daily adequacy
of micronutrient intake in humans (Bouis et al., 2011).
The biofortification of local staples will help to bridge this
micronutrients and vitamins gaps (Hotz & McClafferty,
2007) thereby reducing disease prevalence among the
rural populace. The soils of the Guinea savannah zone of
Nigeria are deficient in zinc (Aduloju, 2000) and farmers
hardly apply zinc fertilizer. Developing biofortified crops
can improve the efficiency of growth in these soils with
depleted or very low mineral composition (Borg et al.,
2009). Cakmak (2008) reported the daily requirement of
zinc for different age groups (10 mg for children, 12 mg
for women and 15 mg for men) whereas Pavlotska (2007)
noted that nursing mothers require 25 mg per day of
zinc. The objective of this study was to determine the ef-
fect of zinc and NPK fertilizer on the growth and yield
of sesame.

2 MATERIALS AND METHODS
2.1 THE EXPERIMENTAL SITE

Field experiment was conducted at the Teaching
and Research Farm of the University of Ilorin, Ilorin,
Nigeria during the 2016 and 2017 cropping seasons. The
study area is situated in the southern Guinea savannah
on (Latitude 04°35'N and Longitude 08°29'E, 307 m
above sea level). The average rainfall of the area is be-
tween 1000-1540 mm which is bimodal in occurrence.

2.2 EXPERIMENTAL LAYOUT AND SOWING OF
THE SEEDS

The land was ploughed and harrowed before mark-
ing out into plots. The size of each plot was 3 m x 3 m
with a 0.50 m avenue between the plots. The seeds of ses-
ame (Ex-Sudan cultivar) which were obtained from the
National Cereal Research Institute of Nigeria, Badeggi,
Niger State, Nigeria were sown on the 15" of July, 2016
and repeated on July 15; 2017 using the drilling method
at a depth of 2.5 cm and the seeds were covered lightly
with soil to prevent desiccation by sunlight. The seed-
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lings were later thinned three weeks after sowing to two
plants per stand at a spacing of 30 x 30 cm between and
within rows.

2.3 EXPERIMENTAL DESIGN

The experiment was laid out in a factorial ar-
rangement fitted into a randomized complete block de-
sign (RCBD) replicated thrice. The factors were NPK
(15:15:15) fertilizer rates (0, 100, 200, 300 kg ha') and
ZnSO, levels (0, 5, 10, 15 kg ha'). The NPK fertilizer was
applied 10 cm away from the plant using the side band
placement method while the zinc sulphate was applied
mid-morning by foliar method using a knap sack sprayer
at three weeks after sowing. Zinc is commonly applied to
crops as ZnSO, (Cakmak, 2008), as this will help to in-
crease the micronutrient content in edible parts (Prasad
et al., 2015).

2.4 SOIL AND SEED ANALYSES

Soil samples from the experimental plot were col-
lected from the top soil at a depth of 0-30 cm from a
2.5 x 2.5 m grid, bulked; then a composite was taken
for physical and chemical analyses before and at the
end of the cropping seasons. The soil samples collected
were air dried ground and passed through a 2 mm sieve.
The sieved soil samples were taken to the laboratory for
chemical analysis, as described by Carter & Gregorich
(2007). Soil organic carbon was determined by the proce-
dure of Walkley & Black using the dichromate wet oxida-
tion method (Nelson & Sommers, 1996). Organic matter
was estimated by multiplying carbon (C) by 1.724. Total
nitrogen was determined by Micro-Kjeldahl digestion
and distillation techniques (Bremner, 1996), and avail-
able phosphorus was determined following Bray No 1
(IN'NH_F + 0.5N) extractant by vanado-molybdo-phos-
phoric acid method (Kuo, 1996), Soil pH was measured
(soil: water ratio, 1:2) using a glass electrode; particle-size
analysis was done using the hydrometer method (Gee &
Or, 2002). Textural class was determined using a textural
triangle (Brady & Weil, 1999; Hunt & Gilkes, 1992) and
extraction of exchangeable bases was done by using IN
ammonium acetate, exchangeable K and Na were de-
termined by using flame photometry while calcium and
magnesium were analyzed by atomic absorption spectro-
photometry.

The total zinc concentrations in the seed samples
were determined by wet digestion method as described
by Minaleshewa et al. (2010) and concentrations in the
extracts were determined by flame atomic absorption

Spectrometry while its concentration in the soil was de-
termined by the method of (Maclean & Langille, 1976).

2.5 DATA COLLECTION AND ANALYSIS

Data were collected on growth parameters (plant
height, number of leaves, and leaf area index), dry matter
accumulation, yield parameters (number of capsules per
plant, length of capsule, yield per net plot and yield per
hectare). The plant height was assessed by measuring the
plant from the ground level to the terminal point using a
measuring tape, while the number of leaves was assessed
visually by counting the green leaves of the five tagged
plants in the net plot (60 plants) whereas the leaf area was
calculated based on the work of Silva et al. (2002) using:

§=0.3552xC?

where S = leaf area in cm?and C = leaf longitudinal
length x breadth while the leaf area index was estimated
as;
leaf area
ground cover

The data on yield components were collected on
number of capsules per plant, length of capsule, seed
mass per net plot and seed mass per hectare. Data on
number of capsules per plant was estimated by counting,
the length of capsule was calculated by the use of digital
Vernier caliper, while the yield per net plot (60 plants)
was carried out by weighing the seeds by using a sensitive
balance whereas the yield per hectare was extrapolated
from the yield per net plot and the data collected were
subjected to general analysis of variance (ANOVA) using
Genstat statistical software (17th edition). Treatment dif-
ferences were compared using the new Duncan Multiple
range test at 5 % level of probability.

3 RESULTS AND DISCUSSION

3.1 PHYSICAL AND CHEMICAL PROPERTIES OF
SOIL

The data on physical and chemical properties of soil
of the experimental site is presented in Table 1. The result
showed that the soil pH was slightly acidic to moderately
acidic before and after the experiment. The organic mat-
ter content was low throughout the experimental peri-
od. The chemical soil properties such as total nitrogen
content, available phosphorus and exchangeable cations
such as potassium, calcium and magnesium were very
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Table 1: Physical and chemical properties of soil of the experimental site before and after cropping in 2016 and 2017

Org C Org. Matter Total N P K Ca Mg Zn
Year Soil pH (%) (%) mgg’ mgg’ cmolkg!  cmolkg'  cmolkg'  mgkg!
2016a 6.1 0.82 1.41 0.07 6.67 0.31 5.05 0.28 0.56
2016b 5.9 0.54 0.93 0.04 5.42 0.32 4.39 0.21 0.54
2017 5.8 0.50 0.86 0.03 3.28 0.30 4.23 0.19 0.53

a Before initial cropping, b. End of first year cropping.

low; and available micronutrients such as zinc was very
low before and at the end of the cropping seasons. These
low soil nutrients of the study site are below the critical
levels for optimum crop growth and yield using soil data
rating as suggested by Linsday & Norvell (1978); FDALR
(1990) which is as follows; organic carbon, 1-1.4 %, to-
tal nitrogen, 0.151-0.200 %; available phosphorus, 7.0-
20 mg kg'; exchangeable potassium, 0.3-0.6 cmol kg';
exchangeable calcium, 5-10 cmol kg'; exchangeable mag-
nesium 1-3 cmol kg'and available zinc 0.6 -1.0 cmol kg™
The low nutrient status of the experimental site, which is
typical of Alfisols could be attributed to burning of crop
residues, short fallow period and seasonal bush fire which
deprives the soil of valuable organic matter. This is the
reason why the cultivation of crops is done solely with the
application of external inputs such as nitrogenous ferti-
lizer which has led to the depletion of valuable micronu-
trients such as zinc over time. Eifediyi et al. (2016) had
reported that soils of the study area are deficient in macro
and micro nutrients which are essential for crop growth
and development.

3.2 METEOROLOGICAL DATA

The rainfall data of the study site for 2016 and 2017

Rainfall (mm)

Figure 1: Rainfall pattern of the study area in 2016 and 2017.
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is presented in Figure 1. The data on rainfall indicated
that no precipitation was experienced in the month of
February during the two cropping seasons. But in 2016,
September recorded the highest rainfall of 332 mm while
the highest rainfall in 2017 was recorded in the month
of August (302.7 mm). The rainfall in the study area has
changed drastically in the past few decades and thus in
sharp contrast to the rainfall pattern in the past which is
bimodal in nature which starts in late march with the first
peak in July, an August break and the second peak in Sep-
tember. This variation in rainfall could be attributed to the
effect of climate change (Odjugo, 2011). The data on tem-
perature is shown in Figure 2. The highest temperature in
2016 was experienced in the month of February while in
2017; the highest temperature was recorded in the month
of March. The temperature of the study area has been on
the increase in the past few years which can also be attrib-
uted to the effect of climate change (Ajibade, 2002).

The relative humidity is shown in Figure 3. The high-
est relative humidity was recorded in the month of Sep-
tember in 2016 while in 2017, it was in August.

3.3 GROWTH PARAMETERS

The effect of Zn and NPK fertilizer application rate
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Figure 3: Relative humidity pattern of the study site in 2016 and 2017.

on the plant height and number of leaves of sesame at 4,
6, 8 and 10 weeks after sowing (WAS) are presented in
Tables 2 and 3. The data revealed that the zinc applied at
the rate of 15 kg ha' produced the highest plant height
and number of leaves at the four sampling periods. There
was no significant difference observed in the first season
(2016) but in the second season (2017), significant dif-
ferences (p < 0.05) were observed between the different
rates. A trend was observed when the different rates of
application of NPK 15:15:15 fertilizer was applied at the
different sampling dates of 4, 6, 8 and 10 WAS with the
300 kg ha! producing the tallest plants and the highest
number of leaves. No significant difference was observed
in the first year (2016), but in the second season (2017),
significant differences (p < 0.05) were observed at the
four sampling periods. The positive response of crop to
the application of fertilizer most especially zinc in the
increase in growth attributes could be attributed to the
important role it plays in enzymatic reactions, regula-

tion of auxin synthesis (Marschner,1995) metabolic pro-
cesses, and oxidation-reduction reactions and for many
enzymes which are needed for nitrogen metabolism (Ha-
feez et al., 2012; Omidian et al., 2012).

The effect of Zn and NPK fertilizer application rate
on the leaf area index of sesame at 4, 6,8 and 10 weeks
after sowing (WAS) is presented in Table 4. The data re-
vealed that the zinc applied at the rate of 15 kg ha™ pro-
duced the highest leaf area index at the four sampling
periods, significant differences (p < 0.05) were observed
between the different rates in the two seasons at 4 WAS.
There was no significant difference observed in the first
and second seasons at the 6, 8 and 10 WAS. A similar
trend was observed when NPK fertilizer was applied,
with the 300 kg ha! producing the highest leaf area in-
dex throughout the period of assessment in both seasons.
Significant differences (p < 0.05) were observed between
the different rates in the two seasons at 4 WAS. Increase
in leaf area index with increase in rate of zinc fertilizer
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Table 2: Effects of Zn and NPK fertilizer on the plant height of sesame at 4, 6, 8 and 10 weeks after sowing

4 WAS 6 WAS 8 WAS 10WAS
Season

Treatments 1 2 1 2 1 2 1 2
Zn (kg ha')
0 34.0 28.17 76.2 73.1 98.2 90.6 107.1 100.0
5 39.4 30.75 81.4 75.2 102.0 93.3 110.9 102.8
10 40.9 32.08 81.6 85.5 103.4 110.8 114.9 120.8
15 46.8 34.67 87.4 80.2 108.3 102.3 117.6 114.4
Sed (p < 0.05) ns 0.740 Ns 5.21 ns 6.27 ns 5.19
NPK (kg ha™)
0 29.9 18.25 69.3 50.8 86.3 69.3 96.7 80.8
100 40.0 25.00 79.4 79.8 101.1 104.3 111.9 112.7
200 404 36.50 84.2 87.4 107.9 109.6 116.7 117.5
300 50.8 45.92 93.8 95.8 116.7 113.7 125.2 124.0
Sed (p < 0.05) 6.48 0.938 8.56 6.28 7.68 6.40 7.01 6.15
Interaction ns 1.785 Ns 12.06 ns 12.73 ns 11.85
Season 1 = data on 2016 cropping season; season 2 = data on 2017 cropping season
Table 3: Effects of Zn and NPK fertilizer on the number of leaves of sesame at 4, 6, 8 and 10 weeks after sowing

4 WAS 6 WAS 8 WAS 10WAS

Season

Treatments 1 2 1 2 1 2 1 2
Zn (kg ha)
0 17.58 24.0 41.3 413 55.0 53.3 62.7 60.8
5 18.92 24.0 414 414 57.7 58.1 66.7 64.5
10 21.92 28.42 52.1 52.1 66.2 65.8 76.3 74.2
15 22.83 30.42 57.1 57.1 68.8 78.1 77.6 75.6
Sed (p < 0.05) ns 1.28 3.63 3.63 3.77 3.13 3.89 3.89
NPK (kg ha')
0 12.42 13.00 28.1 28.1 45.1 49.3 54.9 53.1
100 20.00 22.33 53.2 53.2 66.2 65.2 72.3 70.3
200 20.25 30.33 54.1 54.1 64.0 68.2 74.6 72.2
300 28.58 41.17 56.4 56.5 71.6 72.5 81.4 79.4
Sed (p < 0.05) 2.11 1.28 3.63 3.63 3.77 3.13 3.89 3.89
Interaction ns 2.57 Ns 7.26 7.78 6.27 ns ns

Season 1 = data on 2016 cropping season; season 2 = data on 2017 cropping season

application may be due to the fact that zinc exerts a great
influence in basic plant life processes, such as nitrogen
metabolism, uptake of nitrogen and protein quality,
photo synthase-chlorophyll synthesis, carbon anhydrase
activity, resistance to abiotic and biotic stresses, protec-
tion against oxidative damage (Alloway, 2004; Potarzy-
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cki & Grzebkisz., 2009;Tekale et al., 2009). The increase
in the leaf area index as a result of zinc application is in
agreement with the report of Badshah et al. (2013) who
reported significant increase in leaf area with foliar ap-
plication of zinc.

The effect of Zn and NPK fertilizer application
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Table 4: Effects of Zn and NPK fertilizer on the leaf area index of sesame at 4, 6, 8 and 10 weeks after sowing

4 WAS 6 WAS 8 WAS 10WAS
Season

Treatments 1 2 1 2 1 2 1 2
Zn (kg ha!)
0 2.75 2.64 3.75 3.64 4.47 4.58 4.62 4.73
5 2.76 2.65 3.90 3.75 4.50 4.61 4.66 4.77
10 2.94 2.83 3.98 3.86 4.52 4.63 4.70 4.81
15 3.32 3.22 4.49 4.38 6.01 6.12 5.10 5.21
Sed (p < 0.05) 0.386 0.386 ns ns ns ns ns ns
NPK (kg ha™)
0 2.17 2.06 3.59 3.86 4.71 4.82 451 4.62
100 2.70 2.59 3.63 3.52 4.79 4.90 4.56 4..67
200 2.82 2.72 4.01 3.90 4.96 5.07 4.82 4.93
300 4.08 3.97 4.88 4.77 5.05 5.16 5.19 5.30
Sed (p < 0.05) 0.386 0.386 ns ns ns ns ns ns
Interaction 0.771 0.771 ns ns ns ns ns ns

Season 1 = data on 2016 cropping season; season 2 = data on 2017 cropping season

Table 5: Effects of Zn and NPK fertilizer on the dry matter accumulation (g) of sesame at 4, 6, 8 and 10 weeks after sowing in the

2016 and 2017 cropping seasons

4 WAS 6 WAS 8 WAS 10 WAS
Season

Treatments 1 2 1 2 1 2 1 2
Zn (kg ha-')
0 0.56 0.58 1.61 1.60 2.04 1.79 2.62 2.50
5 0.58 0.63 1.68 1.68 2.87 2.36 3.84 3.72
10 0.71 0.68 2.04 1.89 2.61 2.62 391 3.79
15 0.71 0.73 1.90 2.03 2.89 2.64 3.97 3.85
Sed (p < 0.05) 0.060 0.014 0.187 0.187 ns ns 0.355 0.355
NPK (kg ha-')
0 0.45 0.41 1.63 1.63 2.29 2.04 3.08 2.96
100 0.58 0.56 1.69 1.69 2.65 2.40 3.42 3.30
200 0.61 0.71 1.84 1.84 2.73 2.48 3.59 3.47
300 0.91 0.95 2.05 2.05 2.75 2.50 4.25 413
Sed (p < 0.05) 0.060 0.014 0.187 0.187 0.320 0.320 0.355 0.355
Interaction 0.119 0.029 0.374 0.374 ns ns 0.710 0.710

Season 1 = data on 2016 cropping season; season 2 = data on 2017 cropping season

rate on the dry matter accumulation of sesame at 4, 6, 8
and 10 weeks after sowing (WAS) is presented in Table
5. The data revealed that the zinc applied at the rate of
15 kg ha'accumulated the highest mass at the four sam-
pling periods. Significant differences (p < 0.05) were ob-

served between the different rates at 4, 6 and 10 WAS, but
there was no significant difference observed in the first
and second seasons at the 8 WAS. A trend was observed
when the different rates of application of NPK 15:15:15
fertilizer was applied at the different sampling dates of 4,
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6, 8 and 10 WAS with the 300 kg ha! producing the high-
est dry matter mass. However, significant differences (p <
0.05) were observed at the four sampling periods. There
was also an increase in the dry matter accumulation and
dry matter is an important parameter in the study of crop
canopies. Increase in dry matter as the rate of application
of Zn and NPK fertilizer increased could be attributed
to the role performed by nitrogen and potassium in im-
proving plant metabolism, enhancing plant meristematic
activity and increasing the rate of photosynthesis (Allo-
way, 2004).

3.4 YIELD AND YIELD COMPONENTS OF SESA-
ME

The effects of zinc and NPK fertilizer on the yield
components of sesame is presented in Table 6. The data
showed that the zinc applied at the rate of 15 kg ha™
produced the highest number of capsules per plant and
length of capsules which were significantly (p < 0.05) dif-
ferent from the other rates in the two years of study (2016
and 2017). The application of 300 kg ha" also produced
the highest number of capsules and length of capsules in
the two years of study which were significantly different
(p < 0.05) from the other rates. There was also a signifi-
cant zinc and NPK fertilizer interaction.

The data on the yield of net plot and yield per hectare
showed a similar trend as what was observed in the num-

ber of capsules per plant. The highest net yield of (452 g
and 454 g) and yield per hectare (502.2 kg and 505.1 kg)
were produced by applying zinc at the rate of 15 kg ha™!
which were significantly different from the other rates in
2016 and 2017 cropping seasons respectively. Similarly,
the application of NPK fertilizer at 300 kg ha™' gave the
highest yield (net plot, 555.5 g and 554.3 g in 2016 and
2017 respectively) while the yield per hectare (617.1 kg
and 615.8 kg in 2016 and 2017 cropping seasons respec-
tively) which were significantly different from the other
fertilizer rates. There was also a significant interaction
between the zinc and NPK fertilizer application.
Increasing the rate of zinc from 5to 10 and 15 kg ha-!,
significantly increased yield and yield components. This
is in agreement with Cakmak, (2000) and Omidian et
al. (2012) who reported that zinc application increased
the yield components of sesame as a result of the role
it plays in cell division, cell enlargement and synthe-
sis of protein. Zinc also regulates the membrane func-
tion and provides resistance to environmental stress in
crop plant. The foliar spray of Zn increased the number
of capsules and number of seeds per capsule (Bakry et
al., 2012). This may be due to the involvement of zinc in
photosynthesis, chlorophyll production, pollen function
and fertilization (Pandey et al., 2006). Saedi (2002) stated
that the foliar application of zinc promoted the vegetative
and flowering stages of crops due to increase in the plant
metabolism and photosynthesis. This increase in sesame
yield may also be due to the abundant efficacy of en-

Table 6: Effects of Zn and NPK fertilizer on the yield components of sesame in the 2016 and 2017 cropping seasons

Length of capsules  Yield of net plot Yield Zinc concentration
Number of capsules  (cm) (g) (kg ha!) (mg kg!)
Season
Treatments 1 2 1 2 1 2 1 2 1 2
Zn (kg ha')
0 61 62 3.23 3.27 353.6 354.1 392.9 393.4 9.48 8.93
5 62 64 3.44 3.33 378.2 380.4 420.2 422.6 14.20 16.53
10 75 76 3.33 3.44 4114 412.2 457.1 458.0 16.73 20.45
15 100 101 341 3.52 452.0 454.6 502.2 505.1 20.55 21.95
Sed (p < 0.05) 8.55 8.63 0.904 0.094 10.16 11.20 11.29 12.45 0.979 0.637
NPK ((kg ha)
0 54 56 3.13 3.22 238.7 242.6 265.2 269.6 11.30 9.45
100 74 74 3.35 3.38 368.2 370.0 409.1 411.1 16.33 17.59
200 75 76 3.42 3.45 4329 4344 481.0 482.7 16.60 20.08
300 95 96 3.50 3.50 555.4 554.3 617.1 615.8 17.75 20.78
s.e.d (p <0.05) 8.55 8.63 0.904 0.094 10.16 11.20 11.29 12.45 0.979 0.638
Interaction 17.09 17.27 0.181 0.189 20.32 22.40 22.57 24.89 1.957 1.275

Season 1 = data on 2016 cropping season; season 2 = data on 2017 cropping season
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zyme activities which influence plant pigments because
zinc is an important component of all classes of enzymes
(CIMMYT, 2006; Malakouti, 2007). Mohsen et al. (2009)
also suggested that foliar spray of zinc increased the seed
yield of safflower (Carthamus tinctorius L.). Similarly,
foliar application of zinc sulfate significantly improved
the seed yield of canola (Brassica napus L.) (Omidbeigi,
2005), safflower (Carthamus tinctorius L.) (Movahedy et
al., 2009), lentil (Lens culinaris Medik.) (Nakhzari et al.,
2011) and soybean (Glycine max (L.) Merr.) (Jamson et
al., 2009).

Zinc concentration in sesame seed also increased as
the rate of application of Zn and NPK fertilizer increased.
This increase in the zinc concentration may be attributed
to the fact that zinc has favorable effects on the metabo-
lism of plant which might be responsible for greater me-
tabolite accumulation in the reproductive organs (Babae-
ian et al.2011).

4. CONCLUSION

The study revealed that the application of zinc at
15 kg ha"' and NPK 15:15:15 at the rate of 300 kg ha™
improved the growth, yield attributes and zinc concen-
tration of sesame seeds. The increase in the zinc con-
tent of sesame seeds will therefore help to alleviate zinc
deficiency in human diet. Farmers should therefore be
enlightened on the need for appropriate combination of
zinc and NPK fertilizers combination for optimum zinc
absorption in seeds in order to minimize deficiency in
human diet.
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