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Abstract : An experiment was conducted to study the effect of the fortification of a
fodder maize variety. African Tall with micronutrient zinc through ZnSO, fertiliser
application. The study involved fortification at different doses through soil
application and foliar sprays at different stages of the crop. Green fodder yields were
highestat 50 kg ZnSO, ha", while Zinc content increased with increasing crop growth
from knee high (18.9 mg kg") to fodder harvest (37.9 mg kg"), with the highest
concentration at soil application of 50 ZnSO, ha™. Zinc fortification of 23% was
observed when 50 kg of ZnSO, was added through soil application, while soil
application of 25 kg ZnSO, ha”, along with two foliar sprays at knee high and
tasseling, showed on par yields. Foliar sprays complemented soil application, but
exclusive foliar application failed to show an impact on yields. No significant effect
of zinc was observed on quality parameters, viz., crude protein, acid detergent fibre or
neutral detergent fibre. The crude protein content, though, did not vary significantly;
the highest was observed when 50 kg of ZnSO,. Zinc influenced Neutral detergent
fibre at fodder harvest significantly; however, no particular trends were observed;
zinc application did not affect acid detergent fibre at any stage of the crop.

Keywords: fodder maize, zinc fortification, green fodder yields, crude protein,

neutral detergent fibre, acid detergent fibre

Introduction

Zinc is a very important micronutrient for
human health. Zinc regulates metabolism and influences
the multifaceted development of the body. It also
influences the human immune system, as evident by its
deficiency, which marks susceptibility to various
pathogenic infections and diseases. International Zinc
Nutrition Consultative Group (IZiNCG, 2004) of WHO
indicated that zinc deficiency in children <5 years of age
increased the risk of incidence for diarrhoeal disease,
pneumonia, as well as malaria and supplements with

"Corresponding author: (Email: )

zinc would hasten recovery (WHO, 2014). Wessells &
Brown (2012) indicated that inadequate zinc in more
than 25% population in South Asian countries, including
India, would be an elevated public health concern.
Micronutrient deficiencies of Zn and Fe are more
prevalent in countries such as India, Pakistan, China,
Iran, and Turkey. Zinc ranks fifth among the most
important factors that affect life in developing countries
(Cakmak, 2008). The present adversaries of zinc
deficiencies are a result of consuming nutritionally
deficient foods, such as milk and cereal, which are vital
components in the diets of developing countries. Diet of
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plant and animal origin, viz., food grains, milk and meat,
reflects the nutrient status of the soil on which they are
grown. Singh and Behara (2011) analysed over three
lakh soil samples across the country and found that 49
per cent of the soils were deficient in zinc. Additionally,
several nutritional surveys on forage quality evaluation
by IGFRI, Jhansi, have clearly indicated deficiencies of
Ca, P, Cu, and Zn in lactating cows due to the feed and
forage being served. Characteristics of a Zn deficiency
in animals include loss of appetite, reduced growth and
reproduction, and impaired health of bone and skin
tissues. Forages neither contain all the minerals that
animals require nor are they present in adequate quantity
(Vargas & McDowell, 1997). Flaring up the situation,
the use of high-analysis fertilisers, limited recycling of
plant residues and a gap between removal and
supplementation of secondary and micronutrients have
resulted in widespread Zn deficiency. Often, fodders
could not secure sufficient quantities of Cu, Zn, Se and
Cafrom soils, despite the fact that soils are well provided
with these nutrients (Marijanusic et al., 2017), while
grazing animals invariably exhibit Zn deficiency when
soils and forages contain limited concentrations of Zn
(Hill et al., 2019). This deficiency scenario needs to be
alleviated by supplementing the plant with additional
zinc, either directly or through the soil.

In combating the situation, two options are
available to improve zinc concentration in body tissue:
food fortification and pharmaceutical supplementation.
While the latter comes with a cost, the former is more
cost-effective. Biofortification is currently in vogue,
with studies focusing on both genetic and agronomic
fortification of cereals and other food grains. The
investigation emphasised biofortification of zinc in
fodder maize, which is one of the most important crops
grown throughout the country during all seasons. It is a
popular fodder crop that has a vast preference among the
dairy community due to its photo-inhibitory nature,
animal preference, adaptability, and forage quality, as
well as its lack of antinutritional factors at any stage of'its
life. Besides, being supplied at a subsidised rate by the
Department of Animal Husbandry of the State, it is the
most preferred and widely grown fodder amongst the
dairy community.
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Materials and methods

A field experiment was conducted in the fields of
the All-India Coordinated Research Project on Forage
Crops and Utilisation at Rajendranagar, Hyderabad.
Fodder maize was raised during the rabi season for two
consecutive years. The soil of the experimental site was
well-drained and a moderately deep sandy loam with a
near-neutral pH of 7.8 and an electrical conductivity of
0.38 to 0.56 dS m". The soil was low in organic carbon
and available nitrogen but high in phosphorus and
potassium status, with mean values ranging from 152 to
168kgof Nha',33to 36 kgof Pha”, and 344 to 448 kg of
K ha’, respectively. The initial soil zinc concentration
was 0.45 ppm in both fields. A total of 13 treatments were
imposed in 3 replications in the field experiments. The
treatments included different doses of zinc sulfate and
various methods of application at different stages of crop
growth. Zinc was applied in the form of zinc sulfate
(ZnSO,7H,0) @ 12.5, 25 and 50 kg ha" during the last
ploughing as a basal application. Treatments included the
application of zinc sulphate as a foliar spray at a 0.2 per
cent concentration at the knee-high stage, tasseling stage,
or both. Care was taken to ensure that the water spray was
applied to other treatments that did not receive foliar
zinc.

The detail of the treatments is given in Table 1.
The state recommended fertiliser dose of N, P, K for
fodder maize, i.e., 120: 60: 40 kg ha', was adopted.
Nitrogen was applied in 2 equal splits; the first split,
including 50% of N, was applied at the last ploughing,
and the second half at the knee-high stage of the crop. The
entire dose of phosphorus and potash where applied
during the last ploughing. Urea, single superphosphate
and muriate of potash were used as sources of N, P,and K,
respectively. Zinc sulphate (21% zinc) was used as a
source of zinc. Care is taken that zinc is not applied with
phosphorus fertiliser. The spacing adopted was 30 cm
between rows and 10 cm between plants within a row. All
the recommended practices for fodder maize were
implemented. The crop was harvested at the early dough
stage as recommended for fodder maize.

Representative samples of the crop were taken at
the knee-high, tasseling, and harvest stages. Green
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Table 1: Details of treatments

Treatments

Ts-T,+Two sprays at knee high and tasselling

To- Te+ two sprays at knee high and tasselling

T,- Two sprays at knee high and tasselling

S.No
1 T;- Control
2 | T,-25 kg ZnSO, soil
3 | T5- T,#ZnSO0, spray at knee high
4 | T4~ T,+ZnSO0, at tasselling
5
6 Te- 12.5 kg ZnSO, soil
7 | T;-Te+ spray at knee high
8 | Ts- T4+ onespray at tasselling
9
10 | Tyo- Spray at knee high
11 | T,,- Spray at tasselling
12
13 | Ti3- 50 kg soil application of ZnSO,

fodder yields were taken at the early dough stage of the
crop as recommended for forage maize. Plant samples
were shade-dried before being transferred to ovens for
further drying to a constant weight, which took
approximately 2-3 days. The samples were pounded in a
Wiley mill and processed for analysis of zinc and other
quality parameters following standard procedures. Zinc
in the initial soil was estimated by the procedure
described by Lindsay and Norwell (1978). In plants, the
concentration of a di-acid mixture was estimated using

an atomic absorption spectrophotometer (model Hitachi
170-30).
nitrogen content in the sample (Piper, 1966) and

Crude protein was estimated by estimating

multiplying by 6.25. Other quality parameters, viz.,
neutral detergent fibre and acid detergent fibre, were
analysed as per the procedure described by Van Soest
(1963).

The concentration of zinc was studied at the
knee-high, tasseling and harvest stages, and the
percentage fortification is calculated using the following
formulaa:

Content of nutrient in treated plot - content of nutrient in control

Percent fortification =

Content of nutrient in control (Maximum yield)

Statistical analysis of the data was done by
applying the technique of analysis of variance for
simple RBD ( Panse & Sukhatme, 1989 ). A critical
difference for examining treatment means and their
significance was calculated ata 5% level of probability.

Results & Discussion

Yields

The two-year study also showed a significant
response of zinc application on green fodder yields of
fodder maize (Table 2). There were significant
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differences in GFY between treatments, with the highest
yields in the treatment receiving 50 kg ZnSO, ha”. The
treatments receiving 25 kg ZnSO, (with or without foliar
sprays), 12.5 kg ZnSO, and exclusive foliar treatments
recorded mean green fodder yields of 45.3, 42.1 and
38.9 t ha", while the highest yields of 53.1 t ha” were
recorded when 50 kg ZnSO, ha" was applied. This
indicates that soil application performed better than
foliar sprays, with better performance evident as the
application of zinc to the soil increased up to 50 kg ha.
Although foliar sprays complemented soil applications,
exclusive foliar applications failed to show an impact on
yields. The best treatment showed an increment of 346
kg of fodder yield for every kilogram of ZnSO, applied.
A sustainability index of 0.70 was obtained, which was
derived from the mean, maximum yields, and standard
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deviation. These results are in conformity to those
reported by Ahmed etal, 2014, who reported positive and
significant influence of zinc on green fodder yield of
maize. Mahdi et al. (2011), Sheraz et al. (2012) and Jamil
(2015) also reported increased GFY with
increasing Zn application. An increase in green fodder
yields of up to 10 and 20 kg ha™ was also reported with the
application of ZnSO,to soil by Kumar ef al. in 2015 and
2017, respectively. Maximum accumulation of 13 kg ha’

et al.

" of zinc was reported by Wenger et al. (2002) in maize
when grown on artificially zinc-enriched soil. Highest
green fodder yields at 50kg ZnSO, ha™ along with foliar
application at 30 and 45 DAS were observed in African
Tall (Sulthana, 2015). Increased zinc content in grain in
seed crop of maize was reported by Pongde and
Ghodpade (2014), Olusegun and Meki (2014) (in pot

Table 2: Effect of different levels of Zn and its mode of application on GFY, DFY, CPY

and B:C ratio (pooled over two years)

S.No. Treatments GFY | DFY | CPY | B:C
(tha™) ratio
1 T,- Control 358 | 5.15 | 040 | 2.56
2 | T2- 25 kg ZnSO4 soil 454 | 6.68 | 0.56 | 3.05
3 T3-Ty+Zn SO, spray at knee high 43.7 | 6.18 | 0.53 | 2.89
4 T4-T,+ZnS0Oy at tasselling 43.0 | 6.66 | 0.59 | 2.85
5 Ts-T,+Two sprays at knee high and tasselling 49.0 | 7.12 | 0.61 | 3.16
6 | Te- 12.5 kg ZnSO4 soil 40.5 | 622 | 052 | 2.78
7 T7-Tet+ spray at knee high 39.1 | 5.78 | 045 | 2.65
8 Ts- Te+ one spray at tasselling 439 | 6.85 | 0.58 | 2.97
9 To- Te+ two sprays at knee high and tasselling 387 | 5.76 | 0.46 | 2.55
10 | Tyo- Spray at knee high 373 | 552 | 049 | 2.58
11 | Ty;- Spray at tasselling 41.0 | 590 | 0.50 | 2.84
12 | Ty,- Two sprays at knee high and tasselling 385 | 5.88 | 0.52 | 2.59
13 | Ty3- 50 kg soil application of ZnSO4 53.1 | 8.86 | 0.83 | 3.40
Mean 422 | 635 | 0.54 | 2.84
s.d 488 | 094 | 0.11 | 0.26

S.Em(+) 1.56 | 0.90 | 0.07

CD (P 0.05) 51 | 2.66 | 0.22
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studies), Patil et al. (2016), Singh et al. (2017) (up to 10
kg ZnSO, ha"), Gajbhiye et al. (2018) (up to 25 kg ZnSO,
ha™), Kachapur e al. (2019) (up to 15 kg ZnSO, ha™) and

Muhammad etal. (2019) (up to 15kg ZnSO, ha™).
Dry fodder yields were also influenced by the

zinc application. All the treatments receiving soil
application of zinc showed almost on par dry matter
yields; however, the DFY of foliar treatments were on
par with each other and with that of the control (Table 2).
The highest dry folder yields of 8.86 tons per hectare
were observed in the treatment that received 50 kg
ZnSO, ha. All the treatments receiving 25 kg of ZnSO,
ha' were on par with the best treatment, indicating that
performance with respect to DFY at 25 kg ZnSO, is
commendable. The crude protein yield in treatment
receiving 50 kg ZnSO, haand that which received 25 kg
ZnSO, ha" along with two foliar sprays was found to be
on par. No significant variations were observed in other
treatments.

The nutrient use efficiency here was 13.1, 26.8
and 48.3 % when ZnSO4 was applied to soil at rates of
12.5,25.0 and 50.0 kg ha", respectively. On the contrary,
the NUE of exclusive foliar treatments varied between
4.2 and 7.5%.

Zinc content

Zinc content of fodder maize varied with
different stages of crop growth. As indicated in Table 3,
at the knee-high stage, zinc content varied from 17.5 mg
kg' to 20 mg kg'. Though no significant differences
existed between the treatments, T,, which received 25 kg
ZnSO, ha" along with a spray at the knee-high stage of

the crop, recorded the highest concentration of nutrients.
There was an increase in zinc concentration at

tasseling over that of the knee-high stage, with values
ranging between 24.2 and 28.6 mg kg'; however,
differences between the treatments were insignificant.
At harvest, i.e., at the early dough stage of fodder maize,
these differences were significant, with the highest
concentration of zinc in T13, which received 50 kg
ZnSQO, as basal. All treatments receiving 25 kg of ZnSO,
ha”, with or without foliar sprays, recorded par values.
Those treatments that received 12.5 kg ZnSO, ha" as
basal recorded par values with a single foliar spray at
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knee-high or at the tasseling stage of the crop (Table 3).
This indicates that a 12.5 kg basal application of ZnSO,
ha" is equal to a single foliar spray either at the knee-high
stage or at tasseling. Besides, it is important to observe
that the zinc concentration in the treatment receiving 25
kg ZnSO, ha' + foliar spray at knee high is on par with the
treatment that received 12.5 kg ZnSO, ha" + two foliar
sprays. This highlights that the foliar sprays are indeed
instrumental in increasing the zinc concentration of
tissues.

The treatments that those receiving a single foliar
spray, either at knee high or at tasseling, were on par with
control, as well as with those treatments which received
12.5kg ZnSO, ha" as basal, along with one spray either at
knee high or at tasseling. Two foliar sprays always proved
better than a single spray in this regard. The zinc content
was highest (41.7 mgkg") when ZnSO, was applied at 50
kg as a soil application, but all treatments that received 25
kg ZnSO, as basal along with one or two foliar sprays
proved comparable. Jahiruddin ez al. (2001) reported
that, although no changes were observed in yield
parameters, the concentration of zinc increased in plant
tissues when corn was raised in zinc-fertilised soil.
Kumar ef al. (2017) reported 50.9% higher zinc content
when 20 kg of ZnSO, ha™ was applied over the control.
Sulthana (2015) reported the highest zinc content in
tissues at the time of fodder harvest in all treatments
receiving 50 kg ZnSO, ha. An increase in zinc content up
to 48 mg kg-1 was observed by Salakinkop et al. (2019),
when 20 or 25 kg Zn was applied either alone or through
FYM.

Zinc fortification

With respect to zinc fortification at the knee-high
stage, which ranged between 4.6 and 14.3%, it was
observed that all the treatments receiving 25 and 50 kg
ZnSO, ha" with or without foliar sprays were on par and
recorded significantly higher fortification than the
former. Similarly, treatments receiving 12.5 kg ZnSO, ha’
" as soil application (with or without foliar sprays) and
those treatments receiving purely foliar sprays were on
par with each other (Table 3). This indicates the
importance of foliar spray in the management of zinc
nutrition. It is important to observe that the fortification
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Table 3: Effect of zinc application on zinc content and fortification at different stages of fodder maize

(pooled over two years)

S.No Treatments Zn content (mg kg™) | Zn fortification (%)
KH | Tass | Har. | KH | Tass. | Har.

1 T;- Control 17.5 | 242 | 34.1 0 0 0
2 | Tz- 25 kg ZnSOy soil 19.4 | 27.0 | 385 | 109 | 11.6 | 129
3 | Ts-To+Zn SOy spray at knee high 19.4 | 27.2 | 39.1 | 109 | 12.4 | 14.7
4 | T4-T,+ZnSOy at tasselling 19.7 | 27.7 | 40.3 | 12.6 | 145 | 18.2
5 | Ts-To+Two sprays at knee high and tasselling | 20.0 | 27.9 | 41.1 | 143 | 153 | 20.5
6 | Te- 12.5 kg ZnSOy soil 18.6 | 25.5 | 358 | 6.3 5.4 5.0
7 | T7-Tet spray at knee high 18.6 | 25.7 | 363 | 6.3 6.2 6.5
8 | Ts- Tt one spray at tasselling 18.6 | 26.0 | 36.7 | 6.3 7.4 7.6
9 | Ty- Te+ two sprays at knee high and tasselling | 18.7 | 26.2 | 37.7 | 6.9 83 | 10.6
10 | Tyo- Spray at knee high 183 | 255 | 36.1 | 4.6 5.4 59
11 | Ty;- Spray at tasselling 183 | 25.6 | 364 | 4.6 5.8 6.7
12 | Ty,- Two sprays at knee high and tasselling 18.4 | 27.1 | 38.8 | 5.1 12.0 | 13.8
13 | Ty3- 50 kg soil application of ZnSO4 19.7 | 28.6 | 41.7 | 12.6 | 182 | 223
Mean 189 | 265 | 379 | 7.8 94 | 113
S.Em(+) 0.68 | 0.56 | 0.90 | 1.68 | 2.08 | 2.24
C.D (0.05) NS NS | 2.62 | 3.42 | 5.76 | 6.24

KH- knee high stage, Tass.: tasseling stage, Har: harvest of fodder, early dough stage

was more than 100% in treatments receiving 25 kg
ZnSO, ha' compared to those receiving exclusive foliar
treatments or 12.5 kg ZnSO, ha" as soil application.
Undisputedly, the highest fortification was observed
with 50 kg ZnSO, ha”, soil application.

Similar trends were observed at the tasseling
stage of the crop, with an average fortification
percentage varying between 5.4 (single foliar spray at

the knee-high stage) and 18.2 (only soil application at 50
kg ZnSO, ha"). Per cent fortification (means), however,
steadily increased from knee high (7.8%) to fodder
harvest (11.3%) through tasseling (9.4%). A high
fortification rate of 22.3% was observed when zinc was
applied to the soil at 50 kg ZnSO, ha". Treatments
receiving 25 kg ZnSO, as basal along with one or two
sprays at knee high or tasseling were also found to be on
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par with the best treatment. There was a 158% increase
in zinc fortification with an increase in soil application
of ZnSO, from 12.5 to 25.0 kg ha”', and a 72% increase
with an increase in zinc application from 25 kg ha™ to 50
kg ha”, respectively. The importance of foliar spray was
also proved by the above values.

Fodder Quality:

Crude protein content, neutral detergent fibre
and acid detergent fibre, which are components of fibre
expression, were analysed at the three stages of crop
growth, viz., knee high, tasseling and harvest (Table 4).

No effect of zinc application was observed on
the crude protein percentage at either the knee-high or
tasseling stages of the crop. However, at harvest, the
influence of zinc on crude protein content was evident,
with the highest values observed in the 50 kg soil
application of ZnSO, (Fig. 1). Little variations were
observed between treatments with most of them being

M. Shanti et al.

on par. It is important to observe that even the treatments
receiving foliar application were on par with the best
treatment; besides, treatments receiving 12.5 kg ZnSO,
ha" were found to be on par with control. Jamil et al.
(2015), found that application of Zn @10 kg ha’
increased crude protein content of baby corn fodder.
Kumar et al. (2017) also reported increased crude protein
contentup to 20 kg of ZnSO, ha"'. However, contradictory
results were reported by Sheraz et al. (2012), who
indicated that crude protein content was unaffected by Zn
application in maize.

The neutral detergent fibre (NDF) component
was significantly influenced by the zinc application (Fig.
2). Nevertheless, no particular trends were observed with
regard to treatmental variations in NDF. However, zinc
did not appear to influence acid detergent fibre (ADF) at
any stage of crop growth. (Fig. 3). Kumar et al. (2015)
found that crude fibre was negatively influenced by Zn
application, on the contrary, Dadhich and Gupta (2005)
found that crude protein and crude fibre of fodder pearl
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Fig. 1: Crude protein % of fodder maize at different stages of crop
as influenced by zinc application
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millet increasing by increasing zinc application upto 10 returns in terms of green fodder yield, besides quality of

kgha'.

Economics

fodder (Table 1). The B: C ratio varied between 2.56 and
3.4, with the highest values observed when 50 kg of

Investment in zinc (ten kilograms of ZnSO, was applied as a basal fertiliser, although 25 kg
ZnSO,.7H,0, costing Rs. 700) reaped commendable ZnSO, ha" to the soil, along with two foliar sprays, also

NDF (%)
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Fig. 2: Neutral detergent fibre % of fodder maize at different stages of crop
as influenced by zinc application
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Fig. 3: Acid detergent fibre % of fodder maize at different stages of crops
as influenced by zinc application
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proved effective.
Conclusion:

Application of 50 kg ZnSO, ha' as basal or
application of 25 kg ZnSO, ha” to soil along with two
foliar sprays at knee-high and tasseling stages in zinc-
deficient soils yielded good returns in terms of green
fodder yield, besides quality fodder for livestock. Thus,
fortification of fodder maize would improve milk
standards and help overcome zinc deficiency, especially
in children, adolescent girls, and lactating mothers, for a
better country.
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