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ABSTRACT

The universal deficiency of nitrogen and phosphorus is followed by Zn and almost 50% of the world
soils are Zn deficient. Zinc deficiency is a very important nutrient problem in the Indian soils. In India
about 48.5% of soils were deficient in Zn, whereas, in Punjab on an average 12.1% soils were Zn
deficient. Efficient Zn management is an important factor to enhance the crop yield potential. Therefore,
the present study was conducted to estimate the response of soil and foliar applied zinc on wheat and its
residual effect on moongbean. The various Zn applications revealed substantial changes in the amount
of zinc uptake and treatment Ts- 2.5 kg Zn ha' + 0.5% EDTA- Zn+ 1% urea foliar spray showed
maximum Zn uptake by grain (153.66 g ha') and straw (182.56 g ha') followed by T, - 2.5 kg Zn ha' +
0.5% ZnSO,.7H,0 spray, in which Zn uptake by grain and straw was 148.43 g ha'! and 179.08 g ha™',
respectively. Zinc spray at booting + grain filling stages showed significant higher Zn uptake by grain
(133.66 g ha') and straw (159.32 g ha') as compared to only booting and grain filling stages. The
residual effect of different Zn treatments shows significant effect on Zn uptake by later moongbean
grain (40.68 g ha') and straw (49.58 g ha'') with maximum value in T, where 5 kg Zn ha' was applied
as soil application. However, the result for soil Zn content changed significantly and higher Zn was
reported with PBW 725 as compared to PBW 658. The residual effect for different Zn treatments also
showed significant differences in soil available Zn with higher soil Zn in treatment T, where 5 kg Zn
was applied in soil during preceding wheat crop. It was concluded that application of 2.5 kg Zn ha! in
soil along with foliar spray of 0.5% EDTA- Zn +1% urea exhibited superior performance to Zn uptake
by wheat, however, for residual effect on succeeding moongbean crops, soil application of 5 kg Zn ha!
showed superior performance for Zn uptake and DTPA-Zn availability in soil.
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Introduction

Soil fertility is an important factor, which decides
the growth and yield of crop. It is determined by the
presence or absence of nutrients in soil. The reason
behind the depletion of soil fertility in India are
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mainly intensive cropping system, imbalanced use
of fertilizer, application of macronutrient alone and
ignorance of micro nutrients and organic manures.
The universal deficiency of nitrogen and phosphorus
is followed by Zn deficiency. Almost 50% of the
world soils used for cereal production is Zn deficient
(Gibbson, 2006). Zinc deficiency is also a very
important nutrient problem in the Indian soils. Total
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Zn concentration is sufficient in many agricultural
areas, but available Zn concentration is deficient
because of different soil and climatic conditions. Soil
pH, lime content, organic matter content, clay type
and amount and the amount of applied phosphorus
fertilizer affect the available Zn concentration in soil
(Adiloglu and Adiloglu, 2006). According to
Dhaliwal et al. (2020) about 12.1% of soils in Punjab
were zinc deficient, compared to 48.5% of soils in
India (Arunachalam et al., 2013). Efficient fertilizer
management is an important factor to enhance the
yield potential. The application of macro and
micronutrients fertilizers in the cultivation zone may
not be fulfilling the crop requirement. The alternative
approach is to apply these nutrients as foliar sprays.
Soil plus foliar applications of micronutrient have
been reported to be equally or even more effective
as soil application (Firdous et al., 2016). Foliar
application lead to increase in grain yield components
in wheat showed increase in yield components by
application of micronutrients (Boorboori et al.,
2012). Foliar nutrition is an option when nutrient
deficiencies cannot be corrected by application of
nutrients to the soil (Cakmak, 2012).On the other
hand, soil application of zinc is less effective in
increasing grain zinc concentration because of poor
zinc mobility and its rapid absorption in alkaline
calcareous soils (Alloway, 2008). Therefore, the
present investigation was carried out to estimate the
response of applied zinc by different methods on crop
Zn uptake and soil nutrients availability in wheat-
moongbean cropping system under semi arid
condition.

Materials and Methods

Experimental soil characteristics

The initial soil characteristic of the experimental
site was presented in Table 1. It showed that the site
is slightly alkaline in reaction, non-saline and low in
organic carbon. The upper (0-15 cm) soil contains
higher macro and micro-nutrients as compared to
lower (15-30 cm) layers. It was also reported that
both soil layers contain low N and high available P
and K. The upper (0-15 cm) soil contains higher Fe,
Cu, Mn and low Zn, whereas, lower soil (15-30 cm)
layer contains high Cu and low Fe, Zn and Mn.
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Table 1. Initial characteristic of the experimental soil

Soil characteristics Value
0-15 cm 15-30 cm

pH,,» 8.40 8.43
EC,, (dSm™) 0.32 0.19
Organic carbon (%) 0.32 0.25
Mineralizable N (kg ha'') 193.33 185.58
Available P (kg ha') 28.75 22.58
Available K (kg ha) 285.35 235.22
DTPA- Fe (mg kg) 5.05 4.02
DTPA- Zn (mg kg™) 0.54 0.43
DTPA- Mn(mg kg™) 3.65 3.12
DTPA- Cu (mg kg™) 0.32 0.28

Experimental design and treatments

The experiment was conducted in split-split plot
(3mx4m=12m?) design at Punjab Agricultural
University, Regional Research Station, Bathinda
during Rabi 2020-21 with two wheat variety (V1-
PBW 725 and V2-PBW 658) along with
recommended doses of N (125 kg ha') and P,O; (62
kg ha''). Five Zn treatments were applied as T, =5
kg Zn ha'- applied in soil, T, =2.5 kg Zn ha' -applied
in soil + 0.5% ZnSO,. 7H,0 - foliar spray, T, = 2.5
kg Zn ha'! - applied in soil + 0.5% EDTA- Zn foliar
spray, T, = 2.5 kg Zn ha! - applied in soil + 0.5%
ZnS0,.7H,0 + 1% urea -foliar spray and T;=2.5 kg
Zn ha'' -applied in soil + 0.5% EDTA- Zn +1% urea
- foliar spray. The spray was applied at three different
growth stages i.e., booting (S1), grain filling (S2)
and booting + grain filling (S3) stages in wheat. After
wheat harvest, the residual effect of different
treatments was studied on moongbean (ML 2056)
crop during kharif-2021with recommended doses of
N (12.5 kg ha') and P,O5 (40 kg ha).

Zinc uptake by wheat and moongbean

The plant samples were collected at harvest,
grounded and the grounded samples (grain and straw)
of wheat and moongbean (0.5 g) were digested in a
di-acid mixture, i.e., HNO, and HCIO, in a ratio of
4:1, respectively (Piper, 2011). The contents of Zn
in samples were determined by feeding digested
samples to atomic absorption spectrophotometer
(Varian Model AAS FS 240), (Page et al., 1982) and
observed values were expressed in mg kg!'. The Zn
uptake by plants was calculated as follow:
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Zn uptake (kg ha') = plant dry matter (kg ha') x Zn
concentration (g kg')/1000

Soil sampling and nutrients analysis

The samples of soil were collected from all 30 x
3 =90 plots, surface (0-15 cm) and sub-surface (15-
30 cm) during the harvesting of wheat and
moongbean. The collected soil samples were air dried
in shade, ground with the help of wooden pestle
mortar. These ground samples were passed through
2 mm sieve and stored in polyethylene bags for
further nutrients analysis. Different basic soil
chemical properties and available nutrients were
analyzed by standard methods as described by Piper
(2011). The available micronutrients (Fe, Cu, Zn and
Mn) in soil samples were determined by using the
atomic absorption spectrophotometer (Varian Model
AAS FS 240), Lindsay and Norvell (1978).

Results and Discussion

Zn uptake by wheat and moongbean

The Zn uptake by wheat was presented in Fig.
1, showed that wheat cultivars showed significant
differences in Zn uptake by wheat grain and straw.
According to the results, wheat grain has less Zn than
wheat straw. In contrast to PBW 658; PBW 725 had
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a greater Zn uptake by its straw compared to grain.
Likewise, the various Zn applications revealed
substantial changes in the amount of zinc uptake by
grain as well as a straw of wheat. Additionally, the
Figl showed that treatment Ts- 2.5 kg Zn ha™' +0.5%
EDTA- Zn+ 1% urea foliar spray showed maximum
Zn uptake by grain (153.66 g ha') and straw (182.56
g ha') followed by T, - 2.5 kg Zn ha'! + 0.5%
ZnS0,.7H,0 spray, in which Zn uptake by grain and
straw was 148.43 g ha! and 179.08 g ha’!,
respectively. Similarly, the different spray stages also
revealed significant differences in Zn uptake by grain
and straw and among the spray stages, booting+ grain
filling showed higher Zn uptake by grain (133.66 g
ha! ) and straw ( 159.32 g ha') as compared to
booting and grain filling stages.

The data compiled in Fig. 2 showed the residual
effect of different Zn treatments of preceding wheat
crops on Zn uptake by grain and straw of succeeding
moongbean crop, resulted that different Zn treatments
on earlier wheat crops influenced significant effect
on Zn availability in later moongbean grain and straw.
It was also observed from the Fig. 2 that Zn uptake
was higher in moongbean straw (49.58 g ha'!) as
compared to grain (40.68 g ha'!) with maximum value
in T, where 5 kg Zn ha™' was applied as soil
application. The increase in the Zn uptake by
moongbean grain and straw may be due to the
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Fig. 1. Effect of different zinc sources and time of application on Zn uptake by wheat. Abbreviation: VI-PBW
725; V2-PBW 658; T,- 5 kg Zn ha’!(soil application); T,- 2.5 kg Zn ha"' ( soil application) + 0.5% ZnSO,. 7H,0O
(foliar spray); Ts- 2.5 kg Zn ha! (soil application ) + 0.5% EDTA- Zn (foliar spray); T,- 2.5 kg Zn ha’!(soil
application) + 0.5% ZnSO,.7H,0 + 1% urea (foliar spray); T, - 2.5 kg Zn ha'! (soil application) + 0.5% EDTA-
Zn +1% urea ( foliar spray); S1- foliar spray on booting stage; S2- foliar spray on grain filling stage; S3- foliar
spray on booting and grain filling stages



98 Journal of Agricultural Physics

[Vol. 24

5 100 - ® Grain B Straw Total
= L
1))
= 80 - I I =t I
<
8
60 -
[}
g
S 40 -
O
o
Té . ' ' '
QL
=
N
T1 T2 T3 T4 T5

Treatments

Fig. 2. Residual effect on Zn uptake by succeeding moongbean crop after different zinc sources and application
time of Zn on preceding wheat crop*. Abbreviation*: T,- 5 kg Zn ha’(soil application); T2- 2.5 kg Zn ha™! (soil
application) + 0.5% ZnSO,. 7H,O (foliar spray); T,- 2.5 kg Zn ha™! (soil application ) + 0.5% EDTA- Zn (foliar
spray); T,- 2.5 kg Zn ha''(soil application) + 0.5% ZnSO,.7H,0 + 1% urea (foliar spray); Ts - 2.5 kg Zn ha! (soil

application) + 0.5% EDTA- Zn +1% urea ( foliar spray).

application of Zn, which allowed for improved
uptake and resulted in the presence of additional Zn
in the soil solution.

Significant variation in different varieties
regarding to Zn uptake might be due to differential
capability of varieties to acquire and utilized nutrient
from the soil. Significant differences in micronutrient
concentrations in different varieties were also
reported by Narwal et al. (2012); Shekhari et al.
(2015) and Nawaz et al. (2015). In the current study,
the major source of Zn in grain and straw depended
on the concentration of available soil Zn (DTPA-Zn).
Application of Zn fertilizer to soil could increase the
concentration of DTPA-Zn (i.e., available Zn) in soil
and then have an effect on root growth. Rose ef al.
(2013) suggested that root surface area and root
length density should be increased and helps to
increase the capture of immobile Zn and supply to
grain and straw. Under Zn sufficient conditions,
however, shoot uptake of Zn during grain-filling is
the main source of Zn in grain (Impa et al., 2013).
The increase in the Zn content in grain and straw
might be due to the presence of increased amount of
Zn in soil solution by the application of Zn that
facilitated greater absorption. Prior studies have
demonstrated that zinc fertilization increases the Zn
content of both straw and grain (Mollah et al., 2009;
Fageria et al., 2011). Spray of Zn at booting + grain
filling stage showed higher Zn uptake by grain and

straw compared to only booting and grain filling
stages may be due to higher Zn accumulation in
grains and straw due to twice Zn spray as compared
to single spray at only booting or grain filling stage.
Under Zn-sufficient conditions, shoot uptake of Zn
during grain filling stage is the main source of Zn in
grain (Impa et al., 2013).

Soil chemical properties and nutrients
availability

The soil chemical properties (pH, EC and OC)
and macronutrients (N, P,O5 and K,O) revealed that
with all the treatments, after wheat harvest non-
significant differences between two cultivars,
different Zn treatments and the time of Zn spray were
reported. Similarly, the residual effect on these
parameters after succeeding moongbean crop for
different Zn treatments on preceding wheat crop was
also non-significant (data not presented). The wheat
cultivars showed non-significant differences in the
soil available micronutrients (Fe, Cu and Mn) and
were higher in cultivar PBW 658 as compared to
PBW 725. However, the result for soil Zn content
changed significantly and higher Zn was reported
with PBW 725 as compared to PBW 658 (Fig. 3).

Similarly, different Zn treatments showed
significant effect on soil Zn availability, however,
the effect was non-significant for soil Mn, Cu and
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Fig 3. Effect of different zinc sources and time of application on DTPA-Zn availability after wheat harvest.
Abbreviation: V1-PBW 725; V2-PBW 658; T,- 5 kg Zn ha''(soil application); T,- 2.5 kg Zn ha! ( soil application)
+ 0.5% ZnSO,. 7H,0 (foliar spray); T5- 2.5 kg Zn ha'! (soil application ) + 0.5% EDTA- Zn (foliar spray); T,-
2.5 kg Zn ha’!(soil application) + 0.5% ZnS0O,.7H,0 + 1% urea (foliar spray); Ts - 2.5 kg Zn ha™! (soil application)
+ 0.5% EDTA- Zn +1% urea ( foliar spray); S1- foliar spray on booting stage; S2- foliar spray on grain filling

stage; S3- foliar spray on booting and grain filling stages.
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Fig. 4. Residual effect of different zinc sources and application time of Zn on preceding wheat* crop on DTPA-
Zn availability in soil after succeeding moongbean crop. Abbreviation *: T,- 5 kg Zn ha™' (soil application); T2-
2.5 kg Zn ha'' (soil application) + 0.5% ZnSO,. 7H,0 (foliar spray); T;- 2.5 kg Zn ha™! (soil application) + 0.5%
EDTA- Zn (foliar spray); T,- 2.5 kg Zn ha"'(soil application) + 0.5% ZnSO,.7H,0 + 1% urea (foliar spray); T; -
2.5 kg Zn ha'! (soil application) + 0.5% EDTA- Zn +1% urea (foliar spray).

Mn availability. The time of Zn spray showed non-
significant differences in soil available
micronutrients (Fe, Mn, Zn and Cu).The higher
concentrations of Fe, Zn, Mn and Cu were found in
the solution of soil with the lower pH value as
compared to initial. The Zn treatments showed non-
significant differences in soil available Fe, Mn and
Cu, however, it showed significant differences in soil
available Zn after succeeding moongbean crop as
residual effect (Fig. 4).

The soil Zn was higher in treatment T, where 5
kg Zn was applied in soil with preceding wheat crop,
was decreased with soil depth. Together with

increased in soil acidification, an increased in content
of available Cu, Fe, Mn and Zn was reported both in
soil and the soil solution (Li et al., 2007; Rutkowska
et al., 2009; Sienkiewicz et al., 2009). Similar to
macro-nutrients, the surface soils showed higher
content of Fe, Cu, zn and Mn than sub-surface soils,
which exhibited a decreasing trend with increase in
soil depth, which might be due to higher organic
carbon at surface soils, as organic carbon is a major
contributor of available micro-nutrients (Fe, Cu, Zn
and Mn) in soils. The results are in conformity with
those of Shah et al. (2012), Yadav et al. (2016) and
Bhat et al. (2017).
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Conclusions

The results of the present study concluded that
wheat variety PBW 725 resulted significantly higher
Zn uptake by straw and grain due to spraying of Zn
fertilizer irrespective of the source. Among all Zn
treatments, treatment T5-2.5 Kg Zn ha'! (soil
application + 0.5% EDTA- Zn +1% urea (foliar
spray) exhibited superior performance with both
wheat verities. Whereas, treatment T, (5 kg Zn ha™!
(soil application) has the most beneficial residual
effect on succeeding moongbean crops in terms of
Zn uptake and DTPA —Zn availability in soil under
rice- wheat cropping system.

Acknowledgements

The authors are thankful to Head, Department
of Soil Science, PAU, Ludhiana and Director,
Regional Research Station, Bathinda, for providing
all the necessary facilities to conduct the study.

References

Adiloglu, A. and Adiloglu, S. 2006. The effect of boron
(B) application on the growth and nutrient content
of maize in zinc deficient soils. Bulgarian Journal
of Agricultural Science 12: 387-392.

Alloway, B.J. 2008. Zinc in soils and crops nutrition,
2" Edn. Brussel: IZA ans IFA, 23-26.

Arunachalam, P., Kannan, P., Prabukumar, G. and
Govindaraj, M. 2013. Zinc deficiency in Indian
soils with special focus to enrich zinc in peanut.
African Journal of Agricultural Research 8: 6681-
6688.

Bhat, Z.A., Akther, F.A., Padder, S.A., Ganaie, A.Q.,
Rehman, H.U., Dar, N.A. and Gill, R.K. 2017.
Nutrient status of grape orchard soils of Jammu
and Kashmir, India. International Journal of
Agricultural Science Research 7: 363-372.

Boorboori, M.R., Asli, D.E. and Tehrani, M.M. 2012.
The effect of dose and different methods of iron,
zinc, manganese and copper application on yield
components, morphological traits and grain
protein percentage of barley plant (Hordeum
vulgare L.) in greenhouse conditions. Advances
in Environmental Biology 6: 740-746.

Cakmak, I. 2012. Harvest plus zinc fertilizer project:
Harvest Zinc. Better Crops 96: 17-19.

[Vol. 24

Dhaliwal, S.S., Shukla, A.K., Sharma, V., Behera, S.K.,
Choudhary, O.P., Chaudhari, S.K., Kumar, A.,
Patra, A.K., Prakash, C., Sikaniya, Y. and
Tripathi, A. 2020. Status of sulphur and
micronutrients in soils of Punjab-blockwise atlas.
Department of soil science. Punjab Agricultural
University, Ludhiana & ICAR-Indian Institute of
Soil Science, Bhopal, India, ISBN: 978-93-5406-
378-7.

Fageria, N.K., Dos Santos, A.B. and Cobucci, T. 2011.
Zinc nutrition of lowland rice. Communications
in Soil Science and Plant Analysis 42: 1719-
1727.

Firdous, S., Agarwal, B.K., Kumar, A., Wadood, A.
and Shahi, D.K. 2016. Study of translocation
pattern of zinc at different growth stages in rice.
Green Farming 7: 1134-1137.

Gibson, R.S. 2006. Zinc: the missing link in combating
micronutrient malnutrition in developing
countries. Proceedings of the Nutrition Society
65: 51-60.

Impa, S.M., Morete, M.J., Ismail, A.M., Schulin, R.
and Beebout, S.E. 2013. Zn uptake, translocation
and grain Zn loading in rice (Oryza sativa L.)
genotypes selected for Zn deficiency tolerance
and high grain Zn. Journal of Experimental
Botany 64: 2739-2751.

Li, B.Y., Zhou, D.M., Cang, L., Zhang, H.L., Fan, X.H.
and Qin, S.W. 2007. Soil micronutrient
availability to crops as affected by long-term
inorganic and organic fertilizer applications. Soil
and Tillage Research 96: 166-173.

Lindsay, W.L. and Norvell, W.A. 1978.Development
of a DTPA soil test for zinc, iron, Manganese,
and copper. Soil Science Society of America
Journal 42: 421-428.

Mollah, M.Z.I., Talukder, N.M., Islam, M.N. and
Ferdous, Z. 2009. Effect of nutrients content in
rice as influenced by zinc fertilization. World
Applied Sciences Journal 6: 1082-1088.

Narwal, R.P., Dahiya, R.R., Malik, R.S. and Kala, R.
2012. Influence of genetic variability on zinc,
iron and manganese responses in wheat. Journal
of Geochemical Exploration 121: 45-48.

Nawaz, H., Hussain, N., Yasmeen, A., Arif, M.,
Hussain, M., Rehmani, M.I.A., Chatta, M.B. and
Ahmad, A. 2015. Soil applied zinc ensures high
production and net returns of divergent wheat



2024]

cultivars. Journal of Environmental and
Agricultural Sciences 2: 1-4.

Page, A.L., Miller, R.H. and Keeney, D.R. 1982.
Methods of Soil Analysis, Part 2, chemical and
microbiological properties. American Society of
Agronomy. In Soil Science Society of America,
vol. 1159, Madison, WI, USA.

Piper, C.S. 2011. Soil and Plant analysis. pp.
368.Scientific publishers, Jodhpur, India.

Rose, T.J., Impa, S.M., Rose, M.T., Pariasca-Tanaka,
J., Mori, A. and Heuer, S. 2013. Enhancing
phosphorus and zinc acquisition efficiency in rice:
a critical review of root traits and their potential
utility in rice breeding. Annals of Botany 112:
331-345.

Rutkowska, B., Szulc, W. and £abétowicz, J. 2009.
Influence of soil fertilization on concentration of
microelements in soil solution of sandy soil.
Journal of Elementology 14: 349-355.

Shah, Z., Shah, M. Z., Tariq, M., Rahman, H., Bakht,
J., Amanullah, and Shafi, M. 2012. Survey of

Response of Applied Zn in Wheat-Moongbean Cropping System 101

citrus orchards for micronutrients deficiency in
Swat valley of North Western Pakistan. Pakistan
Journal of Botany 44: 705-710.

Shekhari, F., Mohammadi, H., Pourmohammad, A.,
Avanes, A. and Benam, M.B.K. 2015. Spring
wheat yielding and the content of protein and
zinc in its grain depending on zinc fertilisation.
Electronic Journal of Polish Agricultural
Universities 18: 1-12.

Sienkiewicz, S., Wojnowska, T., Krzebictke, S.,
Wierzbowska, J. and ~arczyiiski, P. 2009. Content
of available forms of some mi-cronutrients in soil
after long-term differentiated fertilization. Plant,
Soil and Environment 14: 787-794.

Yadav, B.K., Sidhu, A.S. and Thaman, S. 2016. Soil
fertility status of Punjab Agricultural University
seed farm, Chak Ruldu Singh Wala, Sangat,
Bathinda, Punjab. Annals of Plant and Soil
Research 18: 226-231.

Received: 1 April 2024; Accepted: 10 June 2024



