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Zire on growth and yieldof Wheat (Triticum aestivum. L.)

Abstract

A field experiment was conducted at Students’ Instructional Farm of Chandra Shekhar Azad

University of Agriculture and Technology Kanpur, (U.P.) to assess the effect of organic source

erganie-manurewith andfoliar application of micronutrientsard-theirinteraction-effect on growth [ Formatted: Strikethrough
and vyield of wheat for two consecutive years (2021) and (2022).The experiment [Formatted: Strikethrough

comprisesthree treatment under main plot viz: F;- Control (100% RDF), F»- 100 % RDF +
Vermicompost @ 2.5t/ha, and Fz- 100 % RDF + FYM @ 5t/ha,and five treatmentsfoliar spray
of micronutrient in sub plotviz:M;- control (No spray), M- Foliar application of ZnSO,@ 0.25%
at tillering and heading stage, M;- Spray of Nano Zinc @ 0.5% spray at tillering and heading
stage, M- Foliar application of FeSO,@ 0.25% at tillering and heading stage and Ms- Foliar
application of ZnSO, @ 0.25% + FeSO, @ 0.25% at tillering and heading stage. Fifteen
treatmentcombinationwereassignedunder Split Plot Design (SPD) and replicated thrice.Wheat
variety (K- 1006) was grown with therecommended agronomic practices. Results showed that
maximum increase in growth parametersand yield and yield attribute of wheat viz:plant height
(cm), number of tillers/m? leaf area index and spike length (cm), number of spikelets/spike and
harvest index (%) and biological yield (tonha’) recorded_significantly higher maximum with F,-

100 % RDF + Vermicompost @ 2.5t/ha treatments follewed-byF;—100-% RBF+FYM-@ 5tha [Formatted: Strikethrough

+RDF-applied- Among feliarspray-efthe sub-plot mieronutrient, Ms- Foliar application ZnSO,
@ 0.25% + FeSO, @ 0.25% at tillering and heading stage, producedsignificant maximum

highest harvest index (42.78 %) andbiological yield (13.88ton/ha) as compared to all other

treatments.

Keywords:FYM, Vermicompost, Nano-Zinc, Zinc sulphate, Iron sulphate and Wheat
1. Introduction

_ Wheat(Tritcum aestivumL.) one of the most important cereal crops in the world
offamily“Poaceae”andgenus“Triticum”it'sgrown under different agro-climaticconditions andit
occupies 220.29 million haectare (mha)- area with the production of 780.59 milliontones and
productivity of 3390 kg ha™. The largest producer of wheat in the world wide is theEuropean
Union followed by China and India. In India wheat cultivated in area of with the production
109.52million tones and productivity of 3464 kg ha®.(Anonymous, 2022-23a).
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UttarPradesh(30milliontons),Punjab(16.4milliontons) andHaryana(11.6milliontons),withan
estimated area of 9.75,3.59, 2.52,mha,respectively.Uttar Pradeshstands
firstpositioninareaandproduction of wheat in India. AltheughpProductivity of wheat (2661 kg/ha)
is still less thanthe national average (Anonymous, 2022-23b)which remains a serious thought

on crop improvement and management process. Heweverw\Wheat is considered to be a the

major stabple food in many countries of theworld.Despite its lower—ane—its zinc and iron
contenteententis-very-low-(20-40 mg/kg(Welch and Graham, 2004) in grain, the consumption
by the target groups are increasing at a higher rate, which further elevated nutritional
related problems. thatfurtherelevate-the-nutritional-preblem-Primarily both zinc (Zn) and iron

system that has a major impact on health leading to many other diseases, even to the extent of

mortality. Thus, agronomic biofortification at critical stages by using zinc and iron as foliar

application will play a critical role in providing a complimentary effect in grains,,

andmiereorganisms—Almost 50% of the agricultural lands around the worldare Zn deficient for
cereal productivity (Cakmak, 2008). Biofortification is the process of increasing the content and
bioavailability of essential nutrients in crops during plant growth through genetic and agronomic

pathways (Bouis et al. 2011). Write 2-3 sentences about agronomic biofortification???
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Write few lines about zinc on agronomichiofortification??

A

Similarly, iron is also considered to be one of the most

important elementsnext to zinc in nutritional status among

grains.

Write 2-3 sentences about iron on (Agronomic) biofortification?,
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Balanced nutrient application through organic and inorganic source play animportant role in

improving themicronutrient level in grain and straw as well as increase in yield of wheat crop.

The organic source of nutrients not only provides good soil healthbut also acts as a catalyst for

otheravailable soil chemical properties in the soil. Among integrated nutrient management (INM),

Farm Yard Manure (FYM)is widely chosen because of its availability and ease in

application which contributes for soil fertility and physical properties. It

plays a major role towards build-up oforganic matter in soil (Das et al.,2008). The

improvement _in_grain _and straw " vyield with the INM  application _ proves

beneficial,onnutrientuptake,cropgrowthrate andyieldattributingcomponents. (Singh and

Agarwal, 2004).,

fertilizers{kumar—et—al—2015).Keeping these views in mind the research was conducted to

eptimumoptimize the use of nutrientsby combined application of apprepriate-combination-of both
organic and as-well-as inorganic source along with the foliar application of micro nutrients for

better improvement irof Zn and Fe content in wheat grains.
MaterialsandMethods
2.1. Experimental site:

The experiment was conducted consecutivelyon two rabi seasonsduring2021 and 2022 at
Students’ Instructional FarmofChandraShekharAzadUniversityofAgricultureandTechnology,
Kanpur, which is situated in the alluvial tract oflndo - Gangetic plains in central plain zone of
Uttar

Pradesh.Thesoiltypeandfertilitystatusweredeterminedbythemechanicalandchemicalanalysisoft

hesoil.Inordertoascertainthe physico-chemicalpropertiesoftheexperimentalsoil, primary soil

samples were drawn randomly up to 15cmdepth from different spots of the entire experimental

area. ThesSoil of the experimental field was sandy loam in texture, welldrained,slightly
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salinein naturehavinginitial values of pH (8.00), EC (0.29 dsm'l), low in organiccarbon

(0.35%), low in available nitrogen (192.50 kg ha™),medium in phosphorus (15.75 kg ha™),
Potash (173.51 kgha™). Iron (1.75 mg kg™) and Zinc (61.15 mg kg™). respectively,

2.2. Geography and climate:

This zone has semi-arid climatic condition having alluvial fertile soil. The average relative
humidity during the experimental season fluctuated between 44.4 % to 85.8 % and 47 % to
96%During 2021 to 2022 respectively. During the crop growing period, the mean weekly
highest and lowest total rainfall recorded ranging from 0.0 mm to 23.5 mm and 0.0 mm to
39.2 mm and evaporation ranged from 7.6 to 26.0 mm/day‘1 and 8.8 to 25 mm/day’1 during
2021 to 2022, respectively. The mean weekly total evaporation mm/day™ recorded ranging
from 326.4 to 340.4 mm/day® during 2021 to 2022, respectively. The weekly mean wind
velocity during the year 2021-22 and 2022-23 experimental season was fluctuated between 1.2

t0 6.2 km and 1.1 to 6.0 km during-2021-22-t6-2022-23; respectively.

2.3. Experiment Details

The field experiment was Jlaid out in Split Plot Design. Therewerefifteen

treatmentscombinationsconsisting ofthreeorganic manure asa main treatmentviz: F;- Control
(100% RDF), F,- 100 % RDF + Vermicompost @ 2.5t/ha, and Fz- 100 % RDF + FYM @
5t/ha, and five Feliar—application—ef-sub-treatments with Zn and Fe as wnierenutrientfoliar
applicationpractices—were—appliedas—subtreatmentsviz: M- control (No spray), M,- Foliar
application of ZnSO,@ 0.25% at tillering and heading stage, M;- Spray of Nano Zinc @ 0.5%
spray at tillering and heading stage, M- Foliar application ofFeSO,@ 0.25% at tillering and
heading stage and Ms- Foliar application of ZnSO, @ 0.25% + FeSO, @ 0.25% at tillering

and heading stage the treatments were replicated three times.

2.4. Agronomic practices

The pre sowing irrigation was applied 7-10 days before sowing of wheat for optimum level of

moisture for field preparation for good germination, The seed of wheat varietyK- 1006 was

selected forthese studies.The-seed-and-sowing-ofCelean and healthy seed @ 120 kg ha,

‘weretaken and sown at shallow furrows of {5} cm deep with 20 cm rowspacing on both rabi

2.5. Manure and Fertilizers application

The experimental crop was uniformly fertilized withaccordingtotreatments, Farm yard manure
(FYM) 5 t ha’, and Vermicompost (VC) 2.5 t ha’ applied Before 15 days of
sowing.Thebasalapplicationoffertilizers{(@ 40kg N and full does P,0s& K,O_was given } and
offersewing—fFoliar application of Mmicronutrients @ 0.25% ZnSOjattillering—and-heading
stage, Nano-Zinc @ 0.25%-at-tillering—and-heading-stage, @ 0.25% FeSO, at-tillering—and
heading-stage-and fFoliar application ef @ 0.25% ZnSO, + @ 0.25% FeSQO, at tillering and
heading stage-werealsedoneaccordingtotreatmentsand
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remainingnitrogenwastopdressedintwosplits.
2.6. Observation Recorded:

Theobservationswererecordedon plant height (cm), number of tillers/m? and leaf area index as
well as growth characters Plant height of the longest tiller was measured from five tagged
plants from thebase of the plant to highest terminal point by a meter scale. Average of five
plant height at harvest was taken for analysis of plant height.Number of tillers was recorded by
using meter row from three places in each plot at harvest and average of three places was
taken for analysis of number of tillers m™ and Plants from 25 cm row length removed from
two places from the second row on either side in each plot were used for recording leaf area.
The leaves were separated from the base of lamina. Leaf area was measured at 30 days
intervals till the senescence of crop with the help of leaf area meter and the spike length of
wheat was measured by using meter scale of five spikes of each plot and mean of the spike
length was used for analysis of data and expressed in cm. For gGrain yield (tlha}),_gerains
were separated with the help of mini plot thresher from biological yield obtained from net area
of each plot. The grain yield obtained from net plot area was converted into t#haf. After
harvesting of the net plot area, the bundles of wheat crop were sun dried for two days and
then weight recorded and converted into t ha™ for calculating biological yield. and harvest

index are which is the ratio of economic yield to biological yield expressed in
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percentrespectively.
) Leatarea
Leafareaindex=———
N Landarea
\ ~ Grainvield

2.7. Statistical analysis

as per the procedure given by Gomez and Gomez (1984). Critical difference values at P=0.05

were used to determine the significance of differences between treatment means by-applying

3. Result and discussions
3.1 Growth characters

The data plant height and number of tillers/m? during both the years of experimentation and data
were pooled and data presented in {Table. 1.} it is clear from the data the maximum tallest
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plant heightand number of tillers/m? was recorded with thetreatments F,- 100 % RDF +

Vermicompost @ 2.5t/ha at harvest:, followed by Fs- 100 % RDF + FYM @ 5t/ha.Bboth F, [Formatted: Subscript
and F5 treatments were significantly superior over the Control (100% RDF) during both the [Formatted: Subscript
year as well as pooled basis dataf,—2300—%RBF—+\Vermicompest—@ [Formatted: Strikethrough

. ’ i . ikt , DF+ FYM-@

5St/ha Theseresultsindicatedthatincreaseingrowth characters resulted into more



Table 1. Effect of organic manure + RDF and foliar spray of micronutrients on plant height (cm), No. of tillers and LAl of wheat at successive
periods of crop growth.

Plant height (cm) Number of tiller/m? LAI
Treatments At harvest At harvest 90 DAS
2021-22 2022-23  Pooled 2021-22  2022-23 Pooled 2021-22 2%232' Pooled
Main plot (organic manure + RDF)
F1- Control (100% RDF) 70.73 7172 71.13 281.60 285.00 283.30 2.81 2.90 2.85
F,- 100 % RDF + Vermicompost @ 2.5tha 77.50 78.32 78.21 351.40 355.20 353.30 4.93 5.06 5.00
Fs- 100 % RDF + FYM @ 5t/ha 73.72 74,53 7453 331.00 333.80 332.40 3.68 3.76 3.72
S.Em, ¢ 0.156 0.190 0.491 0.421 0516 1.652 0008  0.007 0.011
C.D. (P=0.05) 0.629 0.767 1.978 1697 2.080 6.659 0031 0029 0.044
Sub plot (foliar spray of micronutrient)
M- Control (No spray) 70.52 71.67 71.09 300.67 303.67 302.17 3.14 3.20 3.17
mlzr;cg'gggﬁf’e':;tr']‘;”s‘;’; ;en_so“ @ 0.25% at 74.53 75.17 74.85 325.00 328.67 326.83 3.99 4.07 4.03
Mférﬁ]%r%é’fh'zggﬁl g'gtca g@;_o'S% Spray at 75.13 75.87 75.50 329.33 332.67 331.00 4.02 4.16 4.09
L\i/lllg rﬁg'i;?‘;ﬂﬁ?}%”s?gggso4 @0.25% at 73.67 74,52 74.09 317.67 321.00 319.33 371 3.77 3.74
>ring. adin .
g;s';gll':aergopi)gﬁ:gzﬁgf 62123(;48 a@dir?ézgtg)g;@ 76.07 77.07 76.57 334.00 337.33 335.67 4.18 432 4.25
S.Em, + 0.423 0.723 0.641 1.792 1.895 2.398 0023 0036 0.030
C.D. (P=0.05) 1.243 2.123 1.882 5.262 5.565 7.040 0066  0.106 0.089
Interactions
S.Em, + 0.674 1136 1.011 2.808 2.981 4.065 0036 0057 0.048
C.D. (P=0.05) NS NS NS 8.315 8.851 12.672 0107  0.167 0.144

Note: - RDF- (Recommended dose of fertilizers), FYM- (Farm yard manure), ZnSO, — (Zinc Sulphate) and FeSO, — (Ferrous Sulphate) and DAS (day after
sowing)



Table 2. Effect of organic manure + RDF and foliar spray of micronutrient on Spike length, no of spikelet/spike, harvest index and biological yield

in wheat.
Treatments Spike length (cm) No of spikelet/spike Harvest Index Biological yield (t/ha)
2021-22 202223 Pooled 2%V 22232‘ Poole 502122 202223 Pooled 2021 202232' Pooled
Main plot (Organic manure +RDF)
F1- Control (100% RDF) 887 916 90l 17.83 1868 1825 4099 4165 4132 10.83 1116  11.00
F,- 100 % RDF + Vermicompost @ 2.5t/ha. 11.99 1281 1240 2090 21.83 2137 4350 4449 4400 1334 1397 1365
Fs- 100 % RDF + FYM @ 5t/ha. 1038 1125 1082 1923 20.09 19.66 4196 4277 4237 1194 1266 12.30
S.Em, + 0054 0039 0044 0035 0055 0088 0140 0087 0173 0029 0048 0.046
C.D. (P=0.05) 0219 0159 0179 0141 0220 0355 0564 0349 0697 0118 0.195 0.185
Sub plot (Foliar spray of micronutrient)
M- Control (No spray) 954 971 963 1856 1870 1863 4190 4255 4222 10.08 1047  10.28
gﬂnzé ig';%rir?;zlti;gg?” ofZnSO, @ 0.25% attllering 1,9 1083 1066 1038 2043 1991 4207 4337 4272 1219 1276  12.48
21/'[13(; ig;%%nog Zggg,zmc @ 0.5% spray at tillering 1071 1173 1122 1961 20.67 20.14 4215 4302 4258 1272 1330 1301
gﬂr;‘('j ig';rir?gzlti;gg?n of FeSO, @ 0.25%attllering 1551 1163 1002 1894 19092 1943 4207 4294 4251 1162 1226 1194
X;S';SIE‘ers‘e‘gﬁgﬁﬂce’ﬂr?; igicﬁ“ea@dig;gg’g;@ 1110 1145 1128 2011 2128 2070 4256 4299 4277 1357 1420 13.88
S.Em, + 0102 0100 0095 0157 0174 0120 0213 0220 0334 0113 0124 0.095
C.D. (P=0.05) 0300 0293 0278 0461 0510 0353 NS NS NS 0333 0364 0.280
Interactions
S.Em, + 0157 0159 0153 0246 0275 0206 0358 0352 0546 0178 0198 0.155
C.D. (P=0.05) 0469 0479 0464 NS NS NS NS NS NS 0562 0626 0.490

Note: - RDF- (Recommended dose of fertilizers), FYM- (Farm yard manure), ZnSO, — (Zinc Sulphate) and FeSO,— (Ferrous Sulphate) and DAS (day after

sowing’



vigorous crop growthdue to favorable growing environment._Any other? Pls include ?Fhe [Formaued: Strikethrough
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St/harespectively-Theseresultsfurtherindicatedthatincreased in growth characters and number
of tilers F,- 100 % RDF + Vermicompost @ 2.5tthha was due to better
growingenvironmentthan otherorganic manureTheseresults are corroborated by the findings
of Singh and Patra (2017),-and-Singh et al., (2018)_and Chaudhary et al.

Kumawat et al., (2022)..Among micronutrientfoliar application efMs- Foliar application of
ZnSO, @ 0.25% + FeSO, @ 0.25% at tillering and heading stage recorded tallest plant
height which was at par withME;- Spray-ofNano Zinc @ 0.5% spray-—-attilering-and-heading
stage followed by,M,- foliar application of ZnSO, @ 0.25% at-tillering—and-heading-stage
which-was-at-par-withM,- foliar application of FeSO,@ 0.25% at tillering and heading stageat
harvest stages. -of-growth-during\Wwhereas minimum plant height was recorded in treatment

control (No spray) for both the years as well as on pooled basis Ameng-thefoliarspray-of [Formatted: Strikethrough
Il alal -. ea l--- Ae—Mma 1 HA ate albota --=. - org I I il 5.
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stage—.JHighest growth characters under these treatmentsmaybeduetomicronutrient spray [Comment [DR1]: Repetation

whichgavebetterenvironmentforcropgrowthanddevelopment.Because—in—these—treatments
Itconfirmstheconclusion drawn by Fatima et al., (2021) and Noreen et al., (2023).However,

the maximum number of tillers/m? recorded in Ms- Foliar application of ZnSO, @ 0.25% +

FeSO, @ 0.25%gat-tillering-and-heading-stagewhichwas significantly at par with the treatment [Formatted: Strikethrough

of M- Spray of Nano Zinc @ 0.5% spray at-tillering-and-heading-stage, M,- Foliar application [Formatted: Strikethrough

of ZnSO,@ 0.25% at tillering and heading stage. The minimum number of
tiller/m®ecordedwas recorded in control (No spray) at 30 DAS, 60 DAS, 90 DAS and at
harvest stage of growth during both the years as well as pooled basis. These results are
corroborated with the findings of research—resulisMeena et al., (2020) andRamzenet al.,

(2020).Similarly, leaf area index at 90 DAS highest-LAl (Table. 1)at-pelled-basis revealed [Formatted: Strikethrough
thatir organic manure F,- 100 % RDF + Vermicompost @ 2.5t/ha at-harvest was significantly
higher than other treatments—felewed—by—F,—100-% RDF+FYM-@ St/ha—beth—were [Formatted: Strikethrough
significantlysuperior-over-the Contrel {100%RBF} during both the year as well as pooled
basis data. The result is close conformity with the finding oftheresult-is-clese-conformity-with [Formatted: Strikethrough
the—finding—ofTiwari et al., (2022). Among_ micronutrient foliar spray.highest LAl was
recorded under theMs- Foliar application of ZnSO, @ 0.25% + FeSO, @ 0.25% at-tillering [Formatted: Strikethrough

and-heading-stage followed by M;- Spray of Nano Zinc @ 0.5% spray at tillering-and-heading [Formatted: Strikethrough




stage-which-was-statistically-at-par-withM,- Foliar application of ZnSO, @ 0.25% at-tillering
and-heading-stagefollowed-byand M,- foliar application of FeSO, @ 0.25% at tillering and
heading stage at harvest stages. Whereas, lowest LAl was recorded under the control (No
spray) for both the years as well as pooled basis. Similar type of result was recorded feuné
byNadim et al., (2011) andDimkpaet al., (2020).

3.2 Yield attributes and yield

Data on spike length (cm), No of spikelet/spike, harvest index and biological yield (ton/ha)

was presented giverin (Table. 2). Revealed—that—allthe—parametersfollowed—the—same
segquence-which-was-highestThespike length (cm), No of spikelet/spike, harvest index and
biological yield {#hajwas recorded higher in unaderF,- 100 % RDF + Vermicompost @ 2.5t/ha
at harvest- followed by F3- 100 % RDF + FYM @ 5t/ha. Bboth were significantly superior over
the Control (100% RDF) during both the year as well as pooled basis data. These results are
corroborated with the findings of research—resultsDavi er al., (2011), Verma et al.,
(2016)Bairagyaet al., (2019) and Kumari et al., (2022). Whereas;Aamong foliar application
of micro nutrient,-highest-spike-length-{em)ioliarapplicationofMs- Foliar application of ZnSO,
@ 0.25% + FeSO, @ 0.25% attillering—and-heading-stage-recorded highest spike length
(cm), no. of spikelet/spike, harvest index and biological yield which was at par withM;- Spray
of Nano Zinc @ 0.5% spray at-tillering-and-heading-stage followed by,M,- Foliar application of
ZnSO, @ 0.25% at-tillering—and-heading-stage—followed-withand M,- foliar application of@
0.25% FeSO,at tillering and heading stage respectively. followed—by—control{No—spray)

6:25%-at-tilering—and-heading-stagefollowed-byM,—feliarapplication-ef FeSO,~@-0-25%
followed-by-control{Ne-spray)-These results are corroborated with the findings of research
resultsSattar et al., (2022), Kandil and Marie (2017)and-—Noreenet al., (2023). Bata

difference found between harvest index in foliar spray of micronutrients.
CONCLUSION

Based on the foregoing discussion it can concluded that the combined application of 100 %

RDF + Vermicompost @ 2.5t/ha are found to be superior with respect of growth, yield as well
as yield attribute of wheat crop. Moreover, the combined foliar application of ZnSO, @ 0.25%
+ FeSO, @0.25% at tillering and heading stage proved to be best for growth parameters,
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yield attribute as well as yield of wheat crop as compared to others treatment combinations.
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