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Abstract
A field study was undertaken to evaluate the coatpar efficacy of zinc application through soil afaiar
spray on growth and yield of wheat variety Kiran&?5Soil Chemistry Section, Agriculture Researctitate,
Tandojam during Rabi 2013-14. The experiment wasb dait in three replicated randomized complete lloc
design. The treatments comprised Control (No ZiSaoj| applied Zinc 5.0 kg ha-1 at tillering stagail applied
Zinc 10.0 kg ha-1 at tillering stage, Soil appliéithc 5.0 kg ha-1 at tillering + 5.0 kg ha-1 at Hogtstage,
Foliar applied Zinc 0.2% at tillering stage, Folapplied Zinc 0.4% at tillering and Foliar appligohc 0.2% at
tillering stage + 0.2% at booting stage. The diaifanalysis of data suggested that soil andfapplied zinc
affected significantly (P<0.05) growth and yieldits of wheat variety Kiran-95. The results illaséd that Soil
applied Zinc 5.0 kg ha-1 at tillering + 5.0 kg hatlbooting stage produced maximum plant heightO(@en),
tillers (410.7 m-2), spike length (13.1 cm), spikslper spike (23.0), grains per spike (45.1)] sedex (43.4 Q),
biological yield (9354.4 kg ha-1) and grain yie&ll23.4 kg ha-1), closely followed by Foliar appligidc 0.2%
at tillering stage + 0.2% at booting stage with69dn plant height, 408.8 tillers m-2, 13.0 cm sgiagth, 22.8
spikelets per spike, 45.0 grains per spike, 432ayl index, 9273.4 kg ha-1 biological yield and®d&g ha-1
grain yield. The performance of wheat variety Ki@hranked 3rd, 4th, 5th and 6th almost in allgh@wth and
yield parameters particularly grain yield (kg havt)en fertilized with Soil applied Zinc 10.0 kg haat tillering
stage, Foliar applied Zinc 0.4% at tillering, Safplied Zinc 5.0 kg ha-1 at tillering stage andi&oapplied
Zinc 0.2% at tillering stage. However, minimum wtb and yield traits were registered in Control (Riac).
Furthermore, the results concluded that althougherically maximum growth and yield values were releal
in Soil applied Zinc 5.0 kg ha-1 at tillering + %@ ha-1 at booting stage but statistically théedénces between
Soil applied Zinc 5.0 kg ha-1 at tillering + 5.0 kg-1 at booting stage and Foliar applied Zinc 0ét%élering
stage + 0.2% at booting stage were non-signifiddance, Foliar applied Zinc 0.2% at tillering staig8.2% at
booting stage were found the most economical treatrior obtaining optimum yield of wheat varietyr&in-95.
Keywords. Wheat, Comparative Efficiency, Soil, Foliar, Zinmproving Yield and Yield Components

1. Introduction 1

Wheat (Triticum aestivum L.) is one of the most artant crops in the world. It is the leading fooghig of
Pakistan and being staple diet of the people. Wheatipies a central position in formulation of agtiural
policies by contributing 10.1 percent to the vahdred in agriculture and 2.2 percent to GDP. Whest
cultivated on an area of 8693 thousand hectaresglff12-13 with production of 24231 thousand ten{@&OP,
2013). Wheat yield in Pakistan is 2787 kg ha-1gerest 4762 kg ha-1 in China, world average 308&i&d.,
3018 kg ha-1 and in the USA. The average yieldupétrarea of wheat in Pakistan is still far beldwe potential
yields due to a variety of factors.

Micronutrients play a pivotal role in the yield ingwement of cereals (Rehm and Sims, 2006). Zraissdied
as a micronutrient. Almost 50 percent of the wadds used for cereal production is Zn deficierdr(ih et al.,
2001); as a result, approximately 2 billion peapléfer from Zn deficiency all over the world (Asadd Rafique,
2002). A deficiency of Zn is characterized by trevelopment of broad bands of striped tissue on satshof
the midrib of the leaf. A Zn deficient plant alspp@ars to be stunted, commonly known as "littl€'|€Bhalooth
et al., 2006). Almost 50 percent of the world sotgd for cereal production is Zn deficient (Toatral., 2001);
as a result, approximately 2 billion people suffem Zn deficiency all over the world (Asad and igag, 2002).
Zinc is essential for the transformation of carldrayes and regulating consumption of sugars.rigdsired in a
variety of enzymes and plays an essential roleNi\Eranscription (Don Eckert, 2010). The grain giglan be
improved by addition of Zn fertilization (Magsootia., 2009).

Zinc deficiency is a worldwide nutritional constrafor crop production, as Zn removed by cropssisally not
fully replenished by fertilization in agriculturabils. Its deficiency is particularly widespreadcireals that are
grown on calcareous soil (Graham et al., 1992)idafcy of zinc in wheat has been reported froniowsr parts
of the world, Pakistan soils are not exceptionhis.tAlmost 50% of the world soils used for cengaduction
are Zn deficient (Gibbson, 2006). This percentagevien higher in areas with calcareous soils aprhygortion
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of sorbed Zn that could be desorbed back into mwiudecreased substantially as pH increased to thare5.5
(Singh et al., 2008), which reduces not only grgield, but also nutritional quality of grains. Asrasult,
approximately two billion people suffer from Zn agééncy all over the world. Zinc deficiency is ttard most
serious crop nutrition problem in the Pakistankiag after N and P deficiency (Rashid & Rafique9&p Zinc
deficiency is common in both warm and cold climddespite of being graded as less sensitive (CIEORQ),
wheat is severely affected by Zn deficiency in Baa.

Foliar fertilization of crops can complement andagntee the availability of nutrients to crops édtaining
higher yields (Arif et al., 2006). The foliar spraf/zinc at tillering and/or booting and milkingogvth stage (s)
increased the grain yield of wheat (Mohammad et28109). Sohu (2008) disclosed that soil applicatib Zn
had significant effect on all the growth and grgield contributing parameters of wheat. The high&stevel of
15.0 kg ha-1 produced significantly greater valioeglant height (93.26 cm), number of tillers @8&) plant-1,
spike length (12.33 cm), number of grains (62.2esi, seed index (39.27 g) and grain yield (498&§ ha-1).
Application of zinc increased wheat dry matter,igndeld, and straw yield significantly over cont{@sad and
Rafique, 2000). Similarly, in another study Zeidatnal. (2010) concluded that wheat grain yieldawstryield,
1000-grain weight and number of grains spike-1 Zndconcentration in flag leaves and grains as was]|
protein content in grain were significantly incredsy the application of zinc.

1.1 Materials and Methods 2

The field study was conducted at Soil ChemistrytiBac Agriculture Research Institute, Tandojam walaate
the comparative efficacy of soil and foliar applidc in improving yield and yield components ofeel variety
Kiran-95 during Rabi, 2012-13. The experiment waidl lout in three replicated randomized completeclolo
design (RCBD), having net plot size 5m x4 m (Z)m

Land preparation

The land was prepared by two dry plowings follovigdprecision land leveling. After soaking doze, wismil
reached proper moisture level, two plowings withieator plow were done to achieve the fine seedbed
Sowing time and method

The sowing was done with the help of single rowdhdrill on 10th November, 2013, maintaining distarof
22.5 cm between rows.

Irrigation and fertilizer application

The first irrigation was applied at the crown rgutiation stage i.e. 21 DAS. Subsequently fivégations were
applied as and when needed until the crop reachgdiglogical maturity. Inorganic fertilizers weresad to
provide proper nutrition to plants. Nitrogen waplgd at 120 kg N ha-1 in the form of Urea and DARea was
applied in three splits, first at the time of sowirsecond at the 1st irrigation and the remaininthe 2nd
irrigation. Full dose of phosphorus in the fornrDAP @ 56 kg ha-1 was applied at the time of sowing.

Crop harvesting

At maturity five plants from each treatment of rplications were selected at random for harvests& plants
were harvested by cutting at ground level with phsickle. The spikes were separated from stravgeplan
separate paper bags, oven-dried for 24 hours &.7Bareshing was done by hands.

Satistical Analysis

The data were subjected to statistical analysisguMSTAT-C (Russel and Eisensmith, 1983). The Dufsca
Multiple Range Test (DMRT) was applied to compaeatment means superiority, where necessary.

1.1.1 Results3

The field study was conducted at Soil ChemistrytiBac Agriculture Research Institute, Tandojam valaate
the comparative efficacy of soil and foliar applidc in improving yield and yield components ofeel variety
Kiran-95 during Rabi, 2012-13. The experiment waisl lout in three replicated randomized completeclblo
design (RCBD). The net plot size was kept as 5 4nm (20 mi). The treatments included: Control (No Zinc),
Soil applied Zinc 5.0 kg hhaat tillering stage, Soil applied Zinc 10.0 kg'tet tillering stage, Soil applied Zinc
5.0 kg hd at tillering + 5.0 kg ha at booting stage, Foliar applied Zinc 0.2% aetitig stage, Foliar applied
Zinc 0.4% at tillering and Foliar applied Zinc 0.2%6tillering stage + 0.2% at booting stage. Theeobations
were recorded on parameters of economic importanck as Plant height (cm), Tillers fm Spike length (cm),
Spikelets per spike, Grains per spike, Seed indé®Q-grain weight, g), Biological yield (kg haand Grain
yield (kg ha"). The results on above parameters are shown ite§ab8 and their analyses of variance as
Appendices I-VIII. The results are interpreted adar:

Plant height (cm)

The data in relation to plant height (cm) of wheatiety Kiran-95 as affected by soil and foliar bgg zinc are
shown in Table-1 and their analysis of varianceAppendix-I. The analysis of variance showed tha th
differences for plant height (cm) between varicestments were statistically significant (P<0.0B)e results
illustrated that maximum plant height (99.0 cm) wesorded in plots fertilized with Zinc 5.0 kg hat tillering
+ 5.0 kg hd at booting stage, closely followed by Foliar apglZinc 0.2% tillering stage + 0.2% booting stage
and Soil applied Zinc 10.0 kg hat tillering stage which resulted in 97.6 and 9%h2plant height, respectively.
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The plant heighteduced to 93.7, 92.0 and 90.9 cm when crop wdiliZed with Foliar applied Zinc 0.4% at
tillering, Soil applied Zinc 5.0 kg Haat tillering stage and Foliar applied Zinc 0.2% tiifering stage,
respectively. However, minimum plant height (88rB) avas noted in Control (No Zinc). Furthermore,utts
indicated that although numerically maximum plaetght was recordeih Soil applied Zinc 5.0 kg haat
tillering + 5.0 kg h# at booting stage but statistically it differed rsignificantly (P>0.05%) with Foliar applied
Zinc 0.2% at tillering stage + 0.2% at booting stag

Tabled Effect of soil and foliar applied zinc on plant height (cm) of wheat variety Kiran-95
Treatments R-l | R-Il | R-Ill | Mean
Control (No Zinc) 89.9| 84.9/ 90.9| 88.5¢
Soil applied Zinc 5.0 kg Raat tillering stage 92.3 91.4 928 92.0pc
Soil applied Zinc 10.0 kg Haat tillering stage 94.3 944 939 94.2/b
Soil applied Zinc 5.0 kg Raat tillering + 5.0 kg hdat booting stage 99.2 99/0 98[9 99.0 a
Foliar applied Zinc 0.2% at tillering stage 89.9 .89 92.9| 90.9 cd
Foliar applied Zinc 0.4% at tillering 93/9 93|14 93| 93.7b
Foliar applied Zinc 0.2% at tillering stage + 0.2¥%booting stage 978 98/0 96/9 97.6a
SEz+ 1.1198

DMR g5 2.4398

DMR ¢.01 3.4204

CV% 1.46

Means not sharing the same letter in a columnrdéfgnificantly at 0.05 probability level.
Tillers(m?)

The results regarding tillers {(fh of wheat variety Kiran-95 as affected by soil afofiar applied zinc are
presented in Table-2. The analysis of variancecatdd that the differences for tillers Ymbetween various
treatments were statistically significant (P<0.0Bhe results suggested that maximum tillers (41872 were
noted in plots fertilized with Zinc 5.0 kg taat tillering + 5.0 kg ha at booting stage, closely followed by Foliar
applied Zinc 0.2% tillering stage + 0.2% bootinggst and Soil applied Zinc 10.0 kg hat tillering stage with
408.8 and 395.7 tillers fnrespectively. The number of tillens?reduced to 392.3, 387.3 and 385.3 when crop was
supplied with Foliar applied Zinc 0.4% at tillerin§oil applied Zinc 5.0 kg Haat tillering stage and Foliar applied
Zinc 0.2% at tillering stage, respectively. Howeveinimum tillers (381.5 /) were recorded in Control (No
Zinc). Moreover, data showed that although numéyigaaximum tillers (nf) were observeéh Soil applied Zinc
5.0 kg hd at tillering + 5.0 kg ha at booting stage but they demonstrated non-sigmifi (P>0.05%) differences
statistically when compared with Foliar applied @h2% at tillering stage + 0.2% at booting stage.

Table 2. Effect of soil and foliar applied zinc on tillers (m™) of wheat variety Kiran-95
Treatments R-I R-11 R-111 Mean
Control (No Zinc) 376.5 386.5 381.5 381.5d
Soil applied Zinc 5.0 kg haat tillering stage 389.6 384.6 387.6 387.3 cd
Soil applied Zinc 10.0 kg Haat tillering stage 398.0 393.0 396.0 395.7 be
Soil applied Zinc 5.0 kg haat tillering + 5.0 kg ha at 421.0 411.0 400.0 4107 a
booting stage
Foliar applied Zinc 0.2% at tillering stage 387.6 823 385.6 385.3 cd
Foliar applied Zinc 0.4% at tillering 394.6 389.6 9236 392.3 cd

- - - 5 —
Follqr applied Zinc 0.2% at tillering stage + 0.2%6 4125 405.5 408.5 408.8 ab
booting stage
SEz+ 3.9009
DMR ¢.05 13.636
DMR g.01 17.433
CV% 1.21

Means not sharing the same letter in a columnrdéfgnificantly at 0.05 probability level.

Spike length (cm)

The data pertaining to spike length (cm) of wheatety Kiran-95 as affected by soil and foliar dpglzinc are
shown in Table-3. The analysis of variance showed the differences for spike length (cm) betwearious
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treatments were statistically significant (P<0.0B)e results exhibited that maximum spike lengtBXlcm) was
recorded in plots fertilized with Zinc 5.0 kg hat tillering + 5.0 kg ha at booting stage, closely followed by
Foliar applied Zinc 0.2% tillering stage + 0.2% bing stage and Soil applied Zinc 10.0 kg'hat tillering stage
which resulted in 13.0 and 12.4 cm spike lengtbpeetively. The spike lengtfeduced to 11.4, 11.3 and 9.9 cm
when crop was fertilized with Foliar applied Zingt®% at tillering, Soil applied Zinc 5.0 kg hat tillering stage
and Foliar applied Zinc 0.2% at tillering stagespectively. However, minimum spike length (9.6 amas noted in
Control (No Zinc). Furthermore, results indicathdttalthough numerically maximum spike length weordedn
Soil applied Zinc 5.0 kg hhat tillering + 5.0 kg hd at booting stage but statistically it differed rsignificantly
(P>0.05%) with Foliar applied Zinc 0.2% at tillegistage + 0.2% at booting stage.

Table 3.

Effect of soil and foliar applied zinc on spike length (cm) of wheat variety Kiran-95
Treatments R-I R-11 R-111 Mean
Control (No Zinc) 9.6 9.7 9.6 9.6d
Soil applied Zinc 5.0 kg haat tillering stage 11.3 11.4 11.3 11.3¢c
Soil applied Zinc 10.0 kg Haat tillering stage 12.4 12.2 12.6 12.4b

Soil applied Zinc 5.0 kg haat tillering + 5.0 kg ha at

) 13.2 13.1 131 131a
booting stage

Foliar applied Zinc 0.2% at tillering stage 10.5 809. 9.5 9.9d
Foliar applied Zinc 0.4% at tillering 11.5 11.3 41. 114c
Follqr applied Zinc 0.2% at tillering stage + 0.2%0 13.1 13.0 12.9 13.0 a
booting stage

SEx 0.1735

DMR g5 0.6064

DMR g.01 0.7753

CV% 1.84

Means not sharing the same letter in a columnrdiffgnificantly at 0.05 probability level.

Spikelets per spike

The results in relation to spikelets per spike beuat variety Kiran-95 as affected by soil and fosipplied zinc
are given in Table-4. The analysis of variance sstgyl that the differences for spikelets per spiégveen
various treatments were statistically significaR&(.05). The results illustrated that maximum deilse per
spike (23.0) were found in plots fertilized withnZi5.0 kg ha at tillering + 5.0 kg ha at booting stage, closely
followed by Foliar applied Zinc 0.2% tillering siag 0.2% booting stage and Soil applied Zinc 1@h&" at
tillering stage with 22.8 and 22.4 spikelets pakeaprespectively. The number of spikelets per spikcreased
to 22.1, 21.0 and 19.5 under Foliar applied Zirt9®at tillering, Soil applied Zinc 5.0 kg hat tillering stage
and Foliar applied Zinc 0.2% at tillering stagespectively. However, minimum spikelets per spik&.9) were
registered under Control (No Zinc). In additionsulés indicated that although numerically maximypikslets
per spike were recorded Soil applied Zinc 5.0 kg Haat tillering + 5.0 kg ha at booting stage but statistically
non-significant (P>0.05%) differences were obseriredomparison with Foliar applied Zinc 0.2% atetiing
stage + 0.2% at booting stage.

Table 4. Effect of soil and foliar applied zinc on spikelets per spike of wheat variety Kiran-95
Treatments R-1 | R-II | R-IIl | Mean
Control (No Zinc) 18.9| 19.0{ 18.8| 189¢
Soil applied Zinc 5.0 kg haat tillering stage 21.0 21p 21D 21.0c
Soil applied Zinc 10.0 kg Haat tillering stage 224 223 225 224b
Soil applied Zinc 5.0 kg haat tillering + 5.0 kg hid at booting stage 231 23/0 23|11 23.pb
Foliar applied Zinc 0.2% at tillering stage 19.7 .39 19.5| 19.5d
Foliar applied Zinc 0.4% at tillering 221 22|0 22/ 22.1b
Foliar applied Zinc 0.2% at tillering stage + 0.2%booting stage 22 23/0 22|18 228a

SEx 0.0947
DMR g5 0.3311
DMR .01 0.4233

CV% 0.54

Means not sharing the same letter in a columnrdiffgnificantly at 0.05 probability level.
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Grainsper spike

The results regarding grains per spike of wheaetiaKiran-95 as affected by soil and foliar apglieinc are
presented in Table-5 and their analysis of variamseAppendix-V. The analysis of variance indicatieat the
differences for grains per spike between varioesttnents were statistically significant (P<0.05he Tresults
suggested that maximum grains per spike (45.1) weted in plots fertilized with Zinc 5.0 kg hat tillering + 5.0
kg ha® at booting stage, closely followed by Foliar apgliZzinc 0.2% tillering stage + 0.2% booting stagd Soil
applied Zinc 10.0 kg haat tillering stage with 45.0 and 44.0 grains pEke, respectively. The number of grains
per spike reduced to 43.0, 42.6 and 37.7 when wap supplied with Foliar applied Zinc 0.4% at filhgy, Soll
applied Zinc 5.0 kg hhat tillering stage and Foliar applied Zinc 0.2%itéring stage, respectively. However,
minimum grains per spike (36.5) were recorded imt@b (No Zinc). Moreover, data showed that althoug
numerically maximum grains per spike were obsetiveSoil applied Zinc 5.0 kg Haat tillering + 5.0 kg hé at
booting stage but they demonstrated non-signifi(r0.05%) differences statistically when compaséth Foliar
applied Zinc 0.2% at tillering stage + 0.2% at lngpstage.

Tableb. Effect of soil and foliar applied zinc on grains per spike of wheat variety Kiran-95
Treatments R-I R-I1 R-I11 Mean
Control (No Zinc) 36.4 36.7 36.3 36.5e
Soil applied Zinc 5.0 kg Rhat tillering stage 42.6 42.7 42.5 426 ¢
Soil applied Zinc 10.0 kg Haat tillering stage 43.6 44.2 44.3 440b
Soil applied Zinc 5.0 kg Raat tillering + 5.0 kg ha at booting stage 458 45 45.p 45.1la
Foliar applied Zinc 0.2% at tillering stage 38.0 37.3 37.6 37.7d
Foliar applied Zinc 0.4% at tillering 42.7 43.4 43.0 43.0c
Foliar applied Zinc 0.2% at tillering stage + 0.2%booting stage 45.0 45.2 44.9 45.0ja
SE+ 0.2136

DMR ¢ g5 0.7465

DMR ¢ 01 0.9545

CV% 0.62

Means not sharing the same letter in a columnrdéfgnificantly at 0.05 probability level.

Seed index (1000-grain weight, g)

The data pertaining to Seed index (1000-grain weighof wheat variety Kiran-95 as affected by swoid foliar
applied zinc are shown in Table-6 and their analg$ivariance as Appendix-VI. The analysis of vatci& showed
that the differences for seed index (g) betweeiouarntreatments were statistically significant (&). The results
demonstrated that maximum seed index (43.4 g) wésen in plots fertilized with Zinc 5.0 kg faat tillering +
5.0 kg h& at booting stage, closely followed by Foliar apglizinc 0.2% tillering stage + 0.2% booting stagd a
Soil applied Zinc 10.0 kg Haat tillering stage which resulted in 43.2 and 39 $2ed index, respectively. The seed
index decreased to 37.7, 37.0 and 35.6 g whenwespfertilized with Foliar applied Zinc 0.4% atdiling, Soil
applied Zinc 5.0 kg Haat tillering stage and Foliar applied Zinc 0.2%til¢ring stage, respectively. However,
minimum seed index (33.7 g) was noted in Controb (Rinc). Furthermore, results indicated that altjtou
numerically maximum seed index was recorite&oil applied Zinc 5.0 kg Haat tillering + 5.0 kg ha at booting
stage but statistically it differed non-significgn{P>0.05%) with Foliar applied Zinc 0.2% at tiileg stage +
0.2% at booting stage.

Table6. Effect of soil and foliar applied zinc on seed index (1000-grain weight, g) of wheat variety Kiran-95
Treatments R-| R-l1 R-I11 M ean
Control (No Zinc) 33.6 33.9 335 33.7d
Soil applied Zinc 5.0 kg Rhat tillering stage 36.4 37.0 37.4 37.0 bed
Soil applied Zinc 10.0 kg Haat tillering stage 39.3 39.9 40.3 39.8b
Soil applied Zinc 5.0 kg Raat tillering + 5.0 kg ha at booting stage 437 427 437 43.4 a3
Foliar applied Zinc 0.2% at tillering stage 38.7 33.3 34.8 35.6 cd
Foliar applied Zinc 0.4% at tillering 37.2 37.8 38.2 37.7 bc
Foliar applied Zinc 0.2% at tillering stage + 0.2%booting stage 43.6 43.2 42.9 43.24

SE=z 0.9581

DMR g5 3.3491

DMR 0,01 4.2820

CV% 3.04

Means not sharing the same letter in a columnrdéfgnificantly at 0.05 probability level.
Biological yield (kg ha™)
The data in relation to biological yield (kg Heaof wheat variety Kiran-95 as affected by soil daliar applied
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zinc are shown in Table-7 and their analysis ofarare as Appendix-VIl. The analysis of variancevesd that
the differences for biological yield (kg firbetween various treatments were statisticallpiigant (P<0.05).
The results illustrated that maximum biologicallgi€9354.4 kg hd) was recorded in plots fertilized with Zinc
5.0 kg h& at tillering + 5.0 kg ha at booting stage, closely followed by Foliar apglZinc 0.2% tillering stage
+ 0.2% booting stage and Soil applied Zinc 10.0&Yat tillering stage which resulted in 9273.4 and®4 kg
ha biological yield, respectively. The biological idereduced to 7650.7, 7415.9 and 7050.2 K§ Wwaen crop
was fertilized with Foliar applied Zinc 0.4% aleiiing, Soil applied Zinc 5.0 kg Haat tillering stage and Foliar
applied Zinc 0.2% at tillering stage, respectivélpwever, minimum biological yield (6940.6 kg havas noted
in Control (No Zinc). In addition, results indicdt¢hat although numerically maximum biological dielas
recordedn Soil applied Zinc 5.0 kg Haat tillering + 5.0 kg ha at booting stage but statistically it differed non
significantly (P>0.05%) with Foliar applied Zinc2956 at tillering stage + 0.2% at booting stage.

Table7. Effect of soil and foliar applied zinc on biological yield (kg ha®) of wheat variety Kiran-95
Treatments R-I R-I1 R-I11 Mean
Control (No Zinc) 6931.0 6989.7 6901.2 6940.6
Soil applied Zinc 5.0 kg Rhat tillering stage 7423.5 7529.2 72949 74159c
Soil applied Zinc 10.0 kg Haat tillering stage 8320.1 8173.9 88273 8440.4 b
Soil applied Zinc 5.0 kg Raat tillering + 5.0 kg ha at booting stage 9405.( 92720 93862 9354.4 a
Foliar applied Zinc 0.2% at tillering stage 7666/2 6532.8 6951.5 7050.2 ¢
Foliar applied Zinc 0.4% at tillering 7587.9 7739.7 7624.6 7650.7
Foliar applied Zinc 0.2% at tillering stage + 0.2%booting stage 9262.7 9314.p 92435 9273.4 a
SE+ 219.71

DMR ¢ o5 767.99

DMR ¢ 01 981.90

CV% 3.36

Means not sharing the same letter in a columnrdifgnificantly at 0.05 probability level.

Grain yield (kg ha™)

The data regarding grain yield (kg Haf wheat variety Kiran-95 as affected by soil daliar applied zinc are
presented in Table-8 whereas, the analysis of vegias Appendix-VIIl. The analysis of variance aaded that
the differences for grain yield (kg Mabetween various treatments were statisticallyifiant (P<0.05). The
results showed that maximum grain yield (5123.s4#4 was observed in plots fertilized with Zinc 5.0 kag®

at tillering + 5.0 kg ha at booting stage, closely followed by Foliar apgliZinc 0.2% tillering stage + 0.2%
booting stage and Soil applied Zinc 10.0 kg la tillering stage with 5080.7 and 4638.0 kg fgmain yield,
respectively. The grain yield decreased to 4222098.8 and 3906.3 kg Hainder Foliar applied Zinc 0.4% at
tillering, Soil applied Zinc 5.0 kg Haat tillering stage and Foliar applied Zinc 0.2% tiering stage,
respectively. However, minimum grain yield (384&g ha') was recorded in Control (No Zinc). Furthermore,
results suggested that although numerically maxinguain yield was recordednder Soil applied Zinc 5.0 kg
ha™ at tillering + 5.0 kg ha at booting stage but statistically non-significé®t0.05%) differences were found
when compared with Foliar applied Zinc 0.2% aetilhg stage + 0.2% at booting stage.
Table 8. Effect of soil and foliar applied zinc on grain yield (kg ha®) of wheat variety Kiran-95

Treatments R-I R-I1 R-I11 Mean
Control (No Zinc) 3843.6 3874.5 3827.9 3848.7|c
Soil applied Zinc 5.0 kg Rhat tillering stage 4102.8 4158.4 4035/1  4098.8 c
Soil applied Zinc 10.0 kg Raat tillering stage 4574.7 4497. 484116 4638.pb
Soil applied Zinc 5.0 kg Raat tillering + 5.0 kg ha at booting stage 5150.( 50800 51401 5123|4a
Foliar applied Zinc 0.2% at tillering stage 4230]5 3634.0 3854.4| 3906.3¢
Foliar applied Zinc 0.4% at tillering 4189.3 4269.2 4208.6| 4222.4|c
Foliar applied Zinc 0.2% at tillering stage + 0.2%booting stage 5075.1 5102.1 5065[0 50807 a
SEz+ 115.64

DMR ¢.05 404.20

DMR ¢.01 516.79

CV% 3.21

Means not sharing the same letter in a columnrdéfgnificantly at 0.05 probability level.
1.1.2 Discussion 3

Nutrient deficiency and imbalanced fertilizers wse one of the important factors for low yield ofieat in
Pakistan. Zinc (Zn) is an essential micronutri@mtdflant growth and its deficiency is common intiwalted soils
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of Pakistan (Zeidan et al., 2010). Zinc plays ayverportant role for the transformation of carboratés and
regulating consumption of sugars. It is requirecainariety of enzymes and plays an essential rolBNA
transcription (Don Eckert, 2010). A typical symptoofh zinc deficiency is the stunted growth of legves
commonly known as "little leaf" (Thalooth et al.Q@6).The grain yield can be improved by additionZof
fertilization (Maqgsood et al., 2009). Foliar feitdtion of crops can complement and guaranteevaitahility of
nutrients to crops for obtaining higher yields (et al., 2006)The findings of the study suggested that soil and
foliar applied zinc affected significantly (P<0.0dowth and yield traits of wheat variety Kiran-%oil applied
Zinc 5.0 kg ha-1 at tillering + 5.0 kg ha-1 at kogtstage produced maximum plant height (99.0 ¢ithgrs
(410.7 m-2), spike length (13.1 cm), spikelets gpmike (23.0), grains per spike (45.1), seed in@ex4 q),
biological yield (9354.4 kg ha-1) and grain yie&l23.4 kg ha-1), closely followed by Foliar appligdc 0.2%
at tillering stage + 0.2% at booting stage almaséli the growth and yield attributes, particulagsain yield
(5080.7 kg ha-1). However, minimum growth and yietdits particularly grain yield (5080.7 kg ha-1).
Furthermore, the results concluded that althougherically maximum growth and yield values were releal
in Soil applied Zinc 5.0 kg ha-1 at tillering + %@ ha-1 at booting stage but statistically théedénces between
Soil applied Zinc 5.0 kg ha-1 at tillering + 5.0 kg-1 at booting stage and Foliar applied Zinc 0ét%élering
stage + 0.2% at booting stage were non-significainése results showed that foliar application atziroved
more beneficial and economical as compared toaaplied zinc. Low dose of zinc is required when lagop
through spray. Application of zinc twice at tilleg and booting stage demonstrated more effectigenss
compared to application once at higher or loweredeisher through foliar application or soil. Thessults
confirmed that zinc is required at two criticalgda i.e. tillering and booting stage. The resuiésia agreement
with those of Arif et al. (2006) who suggested thaliar fertilization of crops can complement anthgantee the
availability of nutrients to crops for obtainingghier yields The results are in line with the firglinof
Mohammad et al. (2009) who concluded that foliamagmf zinc at tillering and/or booting and milkiggowth
stage (s) increased the grain yield of wheat. &imiésults were also reported by Sohu (2008) whodathat
soil application of Zn had significant positiveexff on all the growth and yield contributing paréeng of wheat.
The results are strongly supported by Asad andggaf(2000) who indicated that Application of zincreased
wheat dry matter, grain yield, and straw yield ffigantly over control. Similarly, in another studgidan et al.
(2010) concluded that wheat grain yield, strawd;iel000-grain weight and number of grains spikerd Zn
concentration in flag leaves and grains as wellpagtein content in grain were significantly incsed by the
application of zinc. Dell et al. (2001) disclosédtt Foliar treatments with ZnSO4 and chelated Zm$oresulted
in shoot Zn concentrations in 7-week-old plantsgeibout two-fold greater than those in plants Begpvith
Zn in the root environment or via foliar spray oi@ Adding surfactant to foliar sprays containirgelated
forms of Zn did not cause negative growth effelotg,surfactant added to ZnO or ZnSO4 foliar spdgEeased
shoot growth. Adding urea to the ZnO foliar spraymo effect on shoot growth. Foliarly-applied 6% \#as
translocated to leaves above and below the tréeddéds well as to the root tips. These resultsraeecordance
with Hussain and Yasin (2004) who reported 12%édase in wheat yield by the application of 5 kg Zalh
over control. Increasing Zn dose upto 16 kg Zn haeteased spike length, number of spikelets pétesp
number of tillers per m2 and 1000 grain weight,ngigantly over control, while highest straw yieldlas
obtained with the application of 8 kg Zn ha-1. tmclusion, Zn supply along with recommended NPHKilieers
led to satisfactory crop production. The complinagptuse of micronutrients is advantageous as jishieicrease
NPK uptake, maintain micronutrients levels in soill increases crop productivity. It is possibleltain higher
crop yield with complimentary use of micronutriersdong with recommended macronutrient fertilizers.
Conclusion

The results concluded that all the treatments ibiasal foliar applied zinc affected significantll<€0.05) growth
and yield parameters of wheat variety Kiran-95.1 @piplied Zinc 5.0 kg ha-1 at tillering + 5.0 kg-haat
booting stage (T4) produced maximum traits, paldity grain yield (5123.4 kg ha-1), closely follod/eby
Foliar applied Zinc 0.2% at tillering stage + 0.28% booting stage (T7) with 5080.7 kg ha-1 grainldyie
However, T7 was found the most economical for el optimum yield of wheat variety Kiran-95 duerton-
significant (P>0.05) statistical differences with.T
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