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Introduction

INC is the most important micronutrient that limits crop production. Sorghum is

highly susceptible to zinc deficiency. A green-house experiment was carried out
at North-West University Research Farm to assess the effect of zinc fertilizer rates on
the performance of different grain sorghum cultivars. The experiment was set as a 4 x 3
factorial fitted in a randomized complete block design. The treatment factors comprised
three zinc rates (0, 5.6 and 10.6kg Zn/ha) and four grain sorghum cultivars (Avenger,
Enforcer, NS5511 and PAN 8816). The measured parameters were plant height, number
of leaves, chlorophyll content index, stem dry matter, leaf area, total dry matter, and
panicle mass. The sorghum fertilized with 5.6kg Zn kg/ha had the highest chlorophyll
content (69.90) at 77 days after planting. The highest chlorophyll content (70.90) was
recorded with the Enforcer cultivar. The longest flowering days (83.93 days) was recorded
with the application of 10.6 Zn kg/ha. The application of 10.6 Zn kg/ha produced the
highest total dry weight of 370.20g and 93.00g, respectively. The PAN 8816 had the
highest panicle mass (105.80g). The relationship between zinc rates, total dry matter,
and panicle mass was positive and significant (R? = 1). Therefore, the application of
5.6 Zn kg/ha enhanced the growth of grain sorghum and 10.6 kg Zn/ha improved dry
matter accumulation and panicle production. The Enforcer outperformed other cultivars
for growth purposes, and PAN 8816 performed the best for panicle production.

Keywords: Grain sorghum, Panicle mass, Plant height, Total dry matter accumulation,
Zinc deficiency.

Sorghum is one of the world’s most critical

carbohydrate-rich grain crops, with the grain

Sorghum [Sorghum bicolor (L.) Moench] has long
been recognized as one of the most important food
crops grown in semi-arid locations with limited
rainfall and soil conditions (Desta et al., 2022).
Sorghum is the most important subsistence food
crop in South Africa and the most vital crop for
profitable food and beverage companies (Taylor,
2003; National Agricultural Marketing Council
[NAMC], 2007). In terms of total production,
sorghum grain is the fifth most important basic
cereal after wheat, rice, maize, and barley (Heuze
et al, 2015; Desta et al., 2022).

utilized for food, beverages and biofuels, and
the stubble used as animal feed, fuel materials
and barn construction in some regions (Werle et
al., 2016; Hossain et al., 2022). More than 90%
of sorghum grain seeds are used for food, with
sorghum being the staple food in some parts of
Africa and Asia; however, in the United States,
sorghum is widely used for ethanol production,
being the second most used grain for ethanol
production and for animal feed (Mickelbart et al.,
2015; Hossain et al., 2022). It is also regarded
as a primary source of energy, protein, vitamins,
and minerals for millions of people in semi-
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arid environments (Jacob et al., 2013; Nimir et
al., 2021). Tag El-Din (2021) demonstrated that
sorghum produces far more fodder than maize.
Palé et al. (2009) and Desta et al. (2022) observed
that grain sorghum is typically grown in difficult
areas with high temperatures, insufficient rainfall,
unstable soils with poor nutrient levels, and a
limited growing season range.

It has been reported that above 50% of field
crops are zinc deficiency. However, zinc deficiency
varies from one field crop to another (Alloway,
2008; Montalvo et al., 2016). Researchers
revealed that above 30% of the agricultural soil
in the world is prone to zinc deficiency (Alloway,
2008; Xue et al, 2021). Tag El-Din (2021)
showed that zinc deficiency is very common in
many soil types, particularly in tropical regions
with highly weathered soils. Zinc deficiency
impairs plants’ physiological functions, leading
to a severe reduction in growth. Also, it leads
to compromising productivity and low-quality
agricultural products (Sadeghzadeh, 2013; Tag
El-Din, 2021). Many studies showed that sorghum
is highly susceptible to zinc deficiency which
affects its growth and development by affecting
the auxin production and rate of photosynthesis
(Alloway, 2008; Ahmad et al., 2018). In the parts
of world with low zinc concentration in the soil,
fertilizing with this micronutrient is an important
agricultural practice to ensure maximum yields of
sorghum crops.

Nevertheless, the small amounts required for
this crop make even field spraying a challenging
toil (Tag EI-Din, 2021). However, Tag El-Din
(2021) found that with increasing amounts of zinc
fertilizer, the effect of zinc fertilizer decreased.
The micronutrient zinc is an important agricultural
strategy to ensure optimal production of sorghum
crops in areas with low zinc concentrations in the
soil. Different cultivars of the same crop respond
to zinc fertilizer differently, and applying the
zinc fertilizer to the soil is an effective strategy
to increase crop yield (Alloway, 2008). Globally,
zinc is the most important micronutrient limiting
plant production, along with macronutrient such
as nitrogen phosphorus, potassium and sulphur
(Tag EI-Din, 2021). Therefore, there is need to
find the importance of zinc as a micronutrient
for improving grain sorghum productivity and to
highpoint its potential as a tool to alleviate zinc
deficiency in grain sorghum production. However,
the researcher observed little information on the
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influence of different zinc fertilizer rates on the
performance of grain sorghum cultivars. It is
hypothesized that the zinc fertilizer rates will
significantly influence the performance of grain
sorghum cultivars. Hence, the objective of this
study was to investigate the response of grain
sorghum cultivars to different zinc fertilizer rates.

Materials and methods

Description of the study area

The experiment was conducted at the North-
West University Research Farm (Molelwane
farm) in the green-house with geographical
coordinates 25°48°04.3”S 25°38°20.8”E (Fig. 1).
The area belongs to arid climate regions with a
mean maximum temperature of 37°C, while the
mean minimum temperature ranges from 7°C to
11°C. The site area received a mean annual rainfall
of 57Imm during summer. Soil samples were
collected from 0-15 cm depth from North-West
University Campus and analyzed for physical
and chemical properties. The soil was sandy clay
loam with a pH of 6.79, total nitrogen of 0.38%,
available phosphorus of 2mg/kg, potassium of
270mg/kg and zinc of 57. 2mg/kg. The soil is
classified as Chromic Luvisol according to FAO/
UNESCO, 1970.

Fig. 1. Green-house structure

Experimental design

The experiment was set as a 4 x 3 factorial
fitted in a randomized complete block design with
four replications. The study comprised twelve
treatments with 48 experimental pots in total.
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The first treatment factor was four sorghum grain
cultivars (Avenger, Enforcer, NS5511 and PAN
8816), while the second treatment factor consisted
of three zinc sulphate (ZnSO,) fertilizer rates of
0, 5.6 and 10.6kg Zn/ha. Each experimental pot
was filled with 14kg of soil, and four seeds were
planted per pot. Each pot was fertilized with urea
and phosphorus fertilized based on recommended
rate (120kg N/ha and 60kg P/ha). Each pot was
irrigated with 3 litres of water weekly based on
field capacity, as described by Kebede et al. (2014)
and Adebayo & Sebetha (2022). The fertilizers
were applied after planting according to the
soil analysis results. The zinc sulphate fertilizer
application rates were OkgZn/ha, 5.6kgZn/ha,
10.6kgZn/ha and rates per pot are Og/pot, 0.112g/
pot and 0.212g/pot. The urea and single super
phosphate fertilizers were applied at 120kg/ha
(1.59g/pot) and 60kgP/ha (1.96g/pot).

Data Collection

The growth parameters were collected at
49, 63 and 77 days after sowing. The growth
parameters collected were plant height measured
with the aid of a measuring tape and the number
of leaves by physical counting. The chlorophyll
content was measured with the aid of the Leaf
porometer model SC-1 Decagon device, and stem
diameter was measured with a vernier caliper

and leaf area as described by Chinnamuthu et al.
(1989). The shoot dry weight, root dry weight
and panicle mass were measured with the aid of
a measuring scale.

The collected was subjected to GenStat for
analysis of variance (ANOVA). Means were

separated at 5% significance using the LSD method.

Result

Effect of zinc fertilizer rates on plant height and
Number of Leaves

The result showed that zinc fertilizer rates had
no significant effect (P> 0.05) on the plant height
and number of leaves of sorghum during 49, 63
and 77 DAS ( Table 1). The sorghum supplied
with 0 Zn kg /ha produced the tallest plant height
of 86.0 and 108. 7 and 113. 60 c¢cm at 49, 63 and
77 WAS, respectively. Cultivar had a significant
effect (P<0.05) on sorghum plant height during
49, 63 and 77 DAP. At 49, 63 and 77 DAS,
sorghum cultivars Avenger, Enforcer and NS5511
had significant and tallest plant heights of 89.7,
93.5 and 125.90cm than cultivar PAN 8816 (Table
1). The unfertilized sorghum produced the highest
number of leaves (8.62, 10 and 10.44) at 4 63
and 77 DAS. The interaction between the zinc
fertilizer rates and cultivar was significant.

TABLE 1. Effect height and number of leaves of zinc fertilizer rates on plant

Treatment factors Plant height = Number .Plant Number of Plant height Number of

(cm) of leaves  height (cm) leaves (cm) leaves

49 63 77
Days after sowing

Zn rates kg Zn/ha
0 86.00a 8.63a 108.70a 10.00a 113.60a 10.44a
5.6 81.70a 8.6la 106.00a 9.75a 112.80a 10.25a
10.6 72.20a 7.38a 98.00a 9.12a 105.70a 9.25a
LSD (P<0.05) 16.73 1.93 21.57 2.04 22.57 2.45
Cultivars
Avenger 89.70a 8.58a 117.30a 10.17a 123.20a 11.83a
Enforcer 93.50a 9.92a 112.00a 10.75a 116.10a 10.00a
NS 5511 86.60a 8.67a 114.80a 10.92a 125.90a 10.92a
PAN 8816 50.30b 5.67b 72.80b 6.67b 77.50b 7.17b
LSD (P<0.05) 19.31 2.224 24.9 2.35 26.00 2.15
Grand Mean 80.00 8.21 104.20 9.62 110.70 9.98

kK Kk

Zn x Cultivar

sk

sk sk sk

** Significant at (P<0.01), * significant at (P<0.05)
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Influence of zinc fertilizer rates on chlorophyll
content and leaf area

The chlorophyll content was not significantly
(P> 0.05) affected by zinc fertilizer rates. The
sorghum fertilized with 5.6kg Zn/ha had the
highest chlorophyll content (58.00, 65.90 and
71.50 SPAD- units) at 49, 63 and 77 as Table 2.
The sorghum cultivar avenger showed the highest
and most significant chlorophyll content (63.20
and 81.70) at 49 and 77 WAS. However, at 63
DAS Enforcer sorghum cultivars had the highest
chlorophyll content (70.90). The application of zinc
fertilizer showed no significant effect on leaf area.
The sorghum supplied with 0 kg Zn/ha rate had the
highest leaf area (424 and 631cm?) at 49 and 63
DAS. At 77 DAS, sorghum fertilized with 5.6kg Zn/
ha produced the highest leaf area (605.00cm?). The
sorghum cultivars had a significant effect on leaf
area. The Enforcer cultivar produced the highest
leaf area (500.00cm?) at 49 DAS. Nevertheless,
the avenger cultivar showed the highest leaf area
(696.00 and 716.00cm?) at 69 and 77 DAS. The
interaction of zinc fertilizer rates and sorghum
cultivar significantly affected chlorophyll content
and leaf area.

Response of stem diameter to different zinc fertilizer
rates

The stem diameter was not significantly (P>
0.05) influenced by zinc fertilizer rates. The
untreated sorghum showed the highest thickest
diameter (18.29, 30 .60 and 33.30mm) at 43, 69

and 77 DAS. Sorghum cultivar had a significant
effect on stem diameter. The enforcer cultivar had
the thickest stem diameter (21.48, 33.30 and 37.00)
at49, 63 and 77 DAS. The interaction between zinc
fertilizer rates and cultivar significantly affected
the stem diameter (Table 3).

Effect of zinc fertilizer rates on flowering days

The flowering days was not significantly(P>
0.05) affected by different zinc fertilizer rates
(Table 4). The application of 10.6kg Zn/ha had the
longest flowering days of days compared to the
other zinc fertilizer rates. The sorghum cultivars
had a significant effect on flowering days. The
Enforcer had the shortest flowering days (73.80
days) compared to other cultivars.

Influence of zinc fertilizer rates on dry matter
accumulation and panicle mass

The dry matter accumulation and panicle
mass were significantly (P< 0.05) affected by
zinc fertilizer rates (Table 5). The sorghum treated
with 10.6kg Zn/ha produced the highest dry
shoot weight, root and total dry matter (185.30,
184.50 and 370.20g) compared to other zinc rates.
Similarly, applying 10.6 kg Zn/ha recorded the
highest panicle weight and the sorghum cultivar
(NS 5511) produced the highest dry shoot weight,
root and total dry weight (182.20, 184.10 and
366.00g) compared to other cultivars. The PAN
8816 had the highest panicle mass (105.80g)
compared to the rest cultivars.

TABLE 2. Influence of zinc fertilizer rates on chlorophyll content and leaf area

Chlorophyll Leafarea  Chlorophyll Leaf area Chlorophyll  Leaf area
Treatment factors content (cm?) content (cm?) content (cm?)
49 63 77
Days after sowing
Zn rates kg Zn/ha
0 57.7a 424.00a 65.20a 631.00a 71.20a 596.00a
5.6 58.0a 390.00a 65.90a 602.00a 71.50a 605.00a
10.6 56.4a 361.00a 59.40a 550.00a 66.40a 565.00a
LSD (P<0.05) 13.2 108.4 13.33 118.9 14.69 117.00
Cultivars
Avenger 63.20a 427.00a 68.30a 696.00a 81.70a 716.00a
Enforcer 61.80a 500.00a 70.90a 635.00a 76.30a 596.00a
NS 5511 62.20a 426.00a 69.80a 684.00a 73.80a 641.00a
PAN 8816 42.20b 213.00a 45.00b 362.00b 47.00b 399.00b
LSD (P<0.05) 15.24 125.5 15.39 137.3 16.97 135.10
Grand Mean 57.30 391.00 63.50 594.00 69.70 588.00

Zn x Cultivar

ek

sk

ek

sk

sk

sk

** Significant at (P<0.01), * significant at (P<0.05).
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TABLE 3. Effect of zinc rates on stem diameter of different grain sorghum cultivars

Treatment factors Stem diameter (mm)

49 DAS 63 DAS 77 DAS
Zn rates (kg Zn/ha)
0 18.29a 30.60a 33.30a
5.6 17.17a 27.60a 33.10a
10.6 17.39a 28.00a 31.20a
LSD (P<0.05) 4.60 6.46 6.06
Cultivars
Avenger 19.67a 30.40a 36.20a
Enforcer 21.48a 33.30a 37.00a
NS 5511 19.27a 32.50a 36.70a
PAN 8816 10.26b 18.70b 20.10b
LSD(P<0.05) 4.596 7.45 6.99
Grand Mean 17.62 28.70 32.50
Zn x Cultivar ** ** **

** Significant at (P<0.01), * significant at (P<0.05)

TABLE 4. Effect of zinc rates on the flowering day

Treatment Factors Flowering Days
Zn rates (Zn kg/ha)

0 78.23¢
5.6 82.17b
10.6 83.93a
LSD (P<0.05) 1.59
Cultivars

Avenger 84.50a
Enforcer 73.80c
NS 5511 84.67a
PAN 8816 82.77b
LSD(P<0.05) 1.83
Grand Mean 81.44
Zn x Cultivar o

** Significant at (P<0.01), * significant at (P<0.05)
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TABLE 5. Influence of zinc rates on dry matter accumulation and panicle mass

Treatment factors Dry s(l;;(;gz :)velght Dry I('(g);:ovtv)elght Total(g/l'gogelght Parzlgc/i)eortr)lass
Zn rates

0 154.50b 120.20b 275.00b 63.60b
1 149.30c 112.90b 262.50b 67.10b
2 185.30a 184.50a 370.20a 93.00a
LSD (P<0.05) 19.09 14.63 38.19 11.48
Cultivars

Avenger 142.70b 99.50¢ 242.60c 60.00b
Enforcer 157.90b 136.30b 294.70b 60.80b
NS 5511 182.20a 184.10a 366.00a 72.00b
PAN 8816 119.20c 136.90b 306.30b 105.80a
LSD(P<0.05) 22.05 16.78 33.60 13.26
Grand Mean 163.00 139.20 302.50 74.60

Zn x Cultivar ok

ek

3k *%k

** Significant at (P<0.01), * significant at (P<0.05).

Pearson correlation, regression and principal
component analysis

The Pearson correlation indicated a positive
and significant relationship between growth
parameters and grain sorghum cultivars.
However, the zinc fertilizer rates had a negative
and significant association with growth
parameters and cultivars. The zinc fertilizer rates
had positive and significant correlation with
flowering dates of grain sorghum cultivars (R*=
1), as indicated in Fig. 2. Figure 3 revealed that
the different zinc fertilizer rates (10.6 Zn kg/ha)
had a positive and significant association with
the dry shoot weight of grain sorghum cultivars
(R?= 0.85). However, the zinc rates (5.6 and
10.6 Zn kg/ha) showed a positive and significant
relationship with dry root weight (R>= 0.64
and 0.85) compared to 10.6kg Zn kg/ha (Fig.
4). The relationship between zinc rates, total
dry matter, and panicle mass was positive and
significant (R?>= 1), as indicated in Figs. 5 and
6. The principal component (Dim 1; 63.28%)
fixed many treatment factors equated to (Dim 2;
17.91).

Discussion

The zinc has been known as an essential trace
element because zinc has metabolically important
role in plant growth and development (Prajapati
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et al., 2023). The 5.6 Zn kg/ha towards 0 Zn kg/
ha improved growth of grain sorghum cultivars.
This indicated low rates of zinc fertilizer is
required for optimum grain sorghum growth and
development. This result agreed with reported
of Ramazanalik et al. (2014) who indicated that
plant required low concentration of zinc, as
microelement, plays fundamental role in crop
physiology however high concentration of this
element as like as heavy metal elements provides
reduction of growth and yield by making disorder
in cell metabolism. Similarly, Sher et al. (2022)
obtained tallest plant height (84.2cm) and spike
length (10. 8cm) of wheat with the application
of 0 Zn kg/ha. These results correlate with the
findings from Hassan et al. (2005), who reported
that there was a significant (P<0.05) decrease
in sorghum plant height and biomass decrease
in the soils with a high zinc rate. Bavec et al.
(2007) observed that the variation of leaf arca
index is determined by fertilization, the genetic
structure of the cultivar and the period of growth.
In controlled environments, the influence of leaf
length might have been a growth response to
low light intensity, reducing the amount of plant
nutrients for leaf breadth (Kim et al., 2010).
According to Mirshekali et al. (2012), as the
zinc rate increases in the soil, it decreases leaf
area in some plant species, reducing the plant’s
photosynthetic activities.
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Zinc is the micronutrient that affected a wide
variety of physiological processes (Prajapati et al.,
2023). The application of 10.6 Zn kg/ha enhanced
flowering days, dry matter accumulation and
panicle mass. Sriniva & Jain (2023) reported that
the application of zinc was significantly influence
biomass accumulation in sorghum. Liu et al. (2020)
indicated increasing zinc fertilized improve shoot
biomass of maize. Liu et al. (2017) further revealed
that adequate zinc supplied led to assimilation of
the available supply nutrients. Yaser et al. (2016)
reported that zinc application at rates of 7 and
10.50 had minimum numbers of days (157 days) to
physiological maturity. Guo et al. (2016) reported
that applying zinc sulphate between 5-10kg Zn/ha
is suitable for correcting zinc in rice through a basal
application.

The grain sorghum cultivar of Avenger and
Enforcer cultivars were outperformed other
cultivars in term of growth. This showed that
growth and development of different cultivars
depends upon the genetic make — up of cultivars.
Khan et al. (2007) stated that the genetic makeup
of the plants or the hormonal balance and cell
division rate of the various cultivars may vary,

which could also explain the variance in plant
height. The Avenger and Enforcer cultivars had the
highest number of leaves per plant, possibly due to
their very good standability. Based on the cultivar,
high chlorophyll content was observed from
cultivar Avenger and Enforcer, which are early
and medium maturing cultivars compared to PAN
8816. These results align with the findings of Ayub
et al. (2010), where differences in stem diameter
within the sorghum cultivars were reported. This
indicated that Enforcer reaches maturity early,
which is differentiated from the rest of the cultivars.
This showed that the reproductive parameters of
sorghum needed a higher quantity of zinc fertilizer
than growth traits. This agreed with the findings
of Manyathi (2014), who showed that PAN 8816
produced the highest fresh mass, dry weight and
seed yield compared to other varieties.

This revealed that the growth of grain sorghum
required 5.6 kg/ha of zinc fertilizer compared to the
reproductive stage. This result is consistent with
the observation of Tag El-Din (2021), who reported
that as the zinc fertilizer rates increased, the effect
of zinc fertilizer was reduced.
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Conclusion

The result showed that grain sorghum cultivars
required a low rate of zinc fertilizer (5.6 Zn kg/
ha) close to 0 Zn kg/ha for growth. However,
the cultivars needed a higher quantity of zinc
fertilizer of 10.6 Zn kg/ha for grain purposes. The
Avenger and Enforcer cultivars are best for growth
purposes such as fodder. PAN 8816 is best for grain
purposes. The study suggested that for the fodder
purpose, grain sorghum should be grown with the
application of 5.6 Zn kg/ha, and grain purpose can
be fertilized with 10.6 Zn kg /ha.

References

Adebayo, A.R., Sebetha, E.T. (2022) Effect of nitrogen
fertilizer and soil moisture levels on the performance
of drought-tolerant maize on ferric luvisol and
rhodic ferralsol soils. Journal of Agriculture and
Crops, 8(3), 138-151.

Ahmad, W., Tahir, M., Ahmad, R., Ahmad. R. (2018)
Agronomic Dbiofortification of fodder sorghum
with zinc under different levels of nitrogen. Sains
Malaysiana, 47(6), 1269-1276.

Alloway, B.J. (2008) Zinc in soils and crop nutrition.
In: "History of Zinc in Agriculture", Andrews,
M., Raven, J.A., Lea, P. (Eds.) 2™ ed. Brussels:
International Zinc Association.

Ayub, M., Nadeem, M.A., Tahir, M., Ghafoor, A.,
Ahmed, Z., Naeem, M. (2010) Comparative studies
on the growth, forage yield and quality of sorghum
(Sorghum bicolor L.) varieties under irrigated
conditions of Faisalabad. Pakistian. Journal Life
Social Science, 8, 94-97.

Bavec, M., Vukovi¢, K., Grobelnik, S., Rozman, C.,
Bavec, F. (2007) Leaf area index in winter wheat:
response on seed rate and nitrogen application by
different varieties. Journal of Central European
Agriculture, 8(3). DOI: https://doi.org/10.5513/
jeea.v8i3.471

Chinnamuthu, C.R, Kailasam, C., Sankaran, S. (1989)
Sorghum leaf area as a function of sixth leaf area.
Journal of Agronomy and Crop Science, 165(5),
300-304.

Desta, G., Amede, T., Gashaw, T., Legesse, G.,
Agegnehu, G., Mekonnen, K., etal. (2022) Sorghum
yield response to NPKS and NPZn nutrients along

Egypt. J. Agron. 45, No. 3 (2023)

sorghum-growing  landscapes.  Experimental
Agriculture, 58(10), 1-16.

FAO (1970) Elements of the legend for the Soil Map
of Europe at 1970 scale 151,000,000, ECA working
party, PAO, Rome.

Guo, J.X., Feng, X.M., Hu, X.Y., Tian, G.L., Ling,
N., et al. (2016) Effects of soil zinc availability,
nitrogen fertilizer rate and zinc fertilize application
method on zinc biofortification of rice. The Journal
of Agricultural Science, 54(4), 584-597.

Hassan, M.J., Zhang, G., Wu, F., Wei, K., Chen, Z.
(2005) Zinc alleviates growth inhibition and
oxidative stress caused by cadmium in rice. Journal
of Plant Nutrition and Soil Science, 168, 255-261.

Heuze, V., Tran, G., Lebas, F. (2015) Sorghum Grain.
Feedipedia, a programme by INRAE, CIRAD, AFZ
and FAO. https://feedipedia.org/node/22.

Hossain, S., Islam, N., Rahman, M., Mostofa, M.G.,
Khan, A.R.(2022) Sorghum: A prospective crop for
climatic vulnerability, food and nutritional security.
Journal of Agriculture and Food Research, 8, 1-9.

Jacob, A.A., Fidelis, A.E., Salaudeen, K.O., Queen,
K.R. (2013) Sorghum: Most under-utilized grain
of the semi-arid Africa.Scholarly. Journal of
Agricultural Science, 3, 147-153.

Kebede, H., Sui, R., Fisher, K.D., Reddy, K.N.,
Bellaloui, N., Molin, W. (2014) Corn yield response
to reduced water use at different growth stages.
Agricultural Science, S, 1305-1315.

Khan, A., Nawab, K., Khan, A., Islam, B. (2007)
Growth characters and fodder production potential
of sorghum varieties under irrigated conditions.
Sarhad Journal of Agriculture, 3(2), 265-268.

Kim, H.K., Van Oosterom, E., Dingkuhn, M., Luquet, D.,
Hammer, G. (2010) Regulation of tillering in sorghum:
environmental effects. Annals of Botany, 106, 57-67.

Liu, D., Zhang, W., Yan, P., Chen, X., Zhang, F., Zou,
C. (2017) Soilapplication of zinc fertilizer could
achieve high yield and high grain zincconcentration
in maize. Plant Soil Journal, 411, 47-55.

Liu, D-Y., Zhang, W., Liu, Y-M., Chen, X-P., Zou, C-Q.
(2020) Soil application of zinc fertilizer increases
maize yield by enhancing the kernel number and



EFFECT OF ZINC FERTILIZER RATES ON GROWTH AND PANICLE YIELD ... 269

kernel weight of inferior grains. Frontier Plant
Science, 11, 188.doi: 10.3389/fpls.2020.00188

Manyathi, T. (2014) Water productivity of selected
sorghum varieties. Msc Thesis, College of
Agriculture, Engineering and Science University of
KwaZulu-Natal Pietermaritzburg South Africa.

Mickelbart, M.V., Hasegawa, P.M., Bailey-Serres,
J. (2015) Genetic mechanisms of abiotic stress
tolerance that translate to crop yield stability,
Nature Reviews Genetics, 16(4) 237-251.

Mirshekali, H., Hadi, H., Amirnia, R., Khodaverdiloo, H.
(2012) Effect of zinc toxicity on plant productivity,
chlorophyll and Zn contents of sorghum (Sorghum
bicolor) and common lambsquarter (Chenopodium
album). International Journal of Agriculture, 2,247.

Montalvo, D., Degryse, F., Da Silva, R.C., Baird, R.,
McLaughlin, M.J. (2016) Agronomic effectiveness
of zinc sources as micronutrient fertilizer. Advance
in Agronomy, 139, 215-267.

National Agricultural Marketing Council. (2007) Report
on the investigation into the south african sorghum
industry areport by the sorghum section 7 committee
appointed by the NATIONAL AGRICULTURAL
MARKETING COUNCIL.https://www.namc.
co.za/wp-content/uploads/2017/09/SORGHUM-
S7-FINAL-REPORT-03.07.mdi_.pdf accessed on
15" May, 2023.

Nimir, N.E.A., Guisheng, Z., Guanglong, Z.,
Ibrahim, M.E. (2021) Response of some sorghum
varieties to GA3concentrations under different
salt compositions. SVU-International Journal of
Agricultural Sciences, 3(3), 170-176.

Palé, S., Mason, S.C., Taonda, S.J.B. (2009) Water
and fertilizer influence on yield of grain sorghum
varieties produced in Burkina Faso. South African
Journal of Plant and Soil, 26, 91-97.

Prajapati, B., Atul, K.S., Sarvade, S., Agrawal, S.B.,
Solanki, R.S. (2023) Nutrient management for
optimizing fodder production of Sorghum — A
review. InternationalJournal of Bio-resource and
Stress Management, 14(1), 083-093.

Ramazanalik, K.N., Farzaneh, N., Pooya, A., Rana,
F. (2014) Study different levels of zinc sulphate
(znso,) on fresh and dry weight, leaf area, relative
water content and total protein in Bean (Phaseolus
vulgaris L.). Bulletin of Environment Plant
Pharmacology and Life Sciences, 3(6), 144-151.

Sadeghzadeh, B. (2013) A review of zinc nutrition and
plant breeding. Journal of Soil Science and Plant
Nutrition, 13(4), 905-927.

Sher, A., Sarwar, B., Sattar, A., [jaz, M., Ul-Allah, S.,
Hayat, M.T., et al. (2022) Exogenous application of
zinc sulphate at heading stage of wheat improves
the yield and grain zinc biofortification. 4gronomy,
12, 734.

Sriniva, P., Jain, N. (2020) A study of the response of
applied zinc on plant growth in Sorghum Bicolor.
llkogretim Online - Elementary Education Online,
19(2), 2329-2333.

Tag El-Din, Aml A. (2021) Response of two sorghum
genotypes to foliar spray by different zinc oxide
nanoparticles concentrations. SVU-International
Journal of Agricultural Sciences, 3(3), 170-176.

Taylor, J.R.N. (2003) Overview: Importance of sorghum
in Africa. Agricultural and Food Sciences. https://
api.semanticscholar.org/CorpusID:13906058.

Werle, R., Amit, J., Jhala, A.J., Yerka, M.K., Anita
Dille, J.A., Lindquist, J.L. (2016) Distribution of
herbicide-resistant shattercane and johnsongrass
populations in sorghum production areas of
Nebraska and northern Kansas. Agronomy Journal,
108(1), 321-328.

Xue, Y., Yan, W., Gao, Y., Zhang, H., Jiang, L., Qian,
X., etal. (2021) Interaction effects of nitrogen rates
and forms combined with and without zinc supply
on plant growth and nutrient uptake in maize
seedlings. Frontier Plant Science, 12, 722752. doi:
10.3389/1pls.2021.722752.

Yaser, A., Muhammad, S., Mushtaq, A .K., Muhammad,
A., Abdul, B,, et al. (2016) Yield response of wheat
cultivars to zinc application rates and methods.
Pure and Applied Biology, 5(4), 1260-1270.

Egypt. J. Agron. 45, No. 3 (2023)



