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ABSTRACT

To evaluate the effect of foliar application of ziand boron on yield and yield components of whibat,
present experiment was conducted at Agriculturaeldech Farm of NWFP Agricultural University Peshawaring
winter seasons of 2004-05 and 2005-06. Solutiorsnof boron and zinc plus boron were used asrfajmay, each
applied at tillering, jointing and boot stage. Wiapplication and no spray application were usedcaatrol. During
both of the seasons, significant increase was deEmin number of spikes“ngrains spiké&, thousand grain weight,
biological yield and grain yield for foliar applit@n of zinc and boron as compared to both contrehtments.
Combined application of zinc and boron resultedhimximum grains spikg56, during 2004-05 and 48.2 during 2005-
06 with 52.2 as mean over years), thousand graieight’ (52.2 as mean over years), biological yi€@ds0 kg ha
during 2004-05 and 11389 kg haluring 2005-06 with 10069.4 kg has mean value) and grain yield (2833 kg'ha
during 2004-05 and 2555 kg haduring 2005-06). Water application and contraéatments resulted in minimum
number of spikes fgrains spik&, thousand grain weight, biological yield and graieeld, during both of the growing
seasons. The present experiment shows that fgdlication of zinc and boron results in increasedi yield and
yield components of wheat, and thus is recommetodadrease crop production.
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INTRODUCTION

Both zinc and boron are known to be required fohigher plants as essential crop nutrients and ate w
documented to be involved in photosynthesis, Ntifixa respiration and other biochemical pathwayakf@ak and
Marschner, 1988, Goldbadt al., 1991). Zinc, in addition, is reported to be haviassible role in reducing the toxic
effects of excessive boron (Singhal.,1990).

Intensive cropping system with no or little micrénents application has resulted in increased deficiency
for different micronutrients. Widespread Zn defigiies have been identified in the country. Soilthwvintensive
cropping systems show even more prominent defigen(Deb, 1986). Similarly, boron deficiency alssults in
impaired crop growth and development. Applicatidrih@se micronutrients results in better crop ghoamd thus in
increased crop yield (Toruet al, 2001; Grewakt al, 1997). Jahiruddiret al (1995) reported a prominent crop
response to B application. Several studies haweated that zinc fertilization not only increasesldibut also increases
zinc concentration in grains (Torwt al, 2001 and Grewadt al, 1997). Similarly, different experiments have ee
conducted to evaluate the response of wheat gesmtgpboron application and a wide range of gemotygriation in
response to B deficiency (Rerkasem and Jamjod,) 288V toxicity (Paulkt al 1991) have been reported. Jahirudgtin
al. (1995), Abediret al (1994), and Rerkaseat al (1989) obtained higher yield of wheat with th@lagtion of B to
the crop.

Availability of these micronutrients, however, tsomgly influenced by soil physico-chemical chaegistics.
These micronutrients especially zinc is readilyedixin soil and plant roots are unable to absorisethautrients
adequately from dry topsoil (Grahaghal, 1992; Foth and Ellis, 1996). Thus micronutriesgpglication to cultivation
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zone may not fulfill crop requirement. Foliar spafithese micronutrients has been reported to ballggpr even more
effective as soil application (Modaihsh, 1997, Toet al, 2001 and Grewadt al, 1997) to overcome micronutrients
deficiency in subsoil. Liew (1988) have reportedr@ase in crop production due to micronutrientdieggmon and had
advocated foliar application to be 6-20 time mdfieient than soil application, depending on sgjp¢. Recently, Arif
et. al. (2006) and Alet al, (2008) also reported better crop productionfédiar application of a both macro and
micronutrients in combination. The present studgwonducted to determine the impact of foliar iaptibn of zinc
and boron for improved crop yield.

MATERIALSAND METHODS

To evaluate the effect of foliar application afiziand boron on yield and yield components of wfiBdticum
aestivuni.), the present experiment was conducted at Atju@al Research Farm of NWFP Agricultural Universi
Peshawar during winter seasons of 2004-05 and @603he experimental site is located atN§471.30 E with an
altitude of 450 meters above sea level having-kiliyn soil of pH 7.7- 8 and less than 1% organittena

The experiment was laid out in randomized compdek design with four replications. Solutions foliar
application were prepared using zinc sulphate ifoz and boric acid for boron @ 20g L-1 and 30 g, lrekpectively.
Water spray application and no spray applicatiomeweonsidered as control. Saleem-2000 was used tastiag
genotype. Seeds were sown through drill with 30ramto row distance @ 100 kg ha-1. The plot size f&m x 5m.
Treatments were allotted to these plots at randatminsveach replication. All other recommended cppduction
practices were applied uniformly to all treatments.

Data were recorded on number of spikes m-2, gegiik®-1, thousand grain weight, biological yieldl @main
yield. The data were statistically analyzed usiomisined analysis of variance over years appropfiateandomized
complete block design. Means were compared usirig teSt at 0.05 level of probability when the F-esuwere
significant (Steel and Torrie, 1984).

RESULTSAND DISCUSSION
Number of Spikes M

Data regarding number of spikes m-2 are showndn EiAnalysis of the data revealed that foliarliapfion
of zinc and boron significantly affected nhumberspfkes m-2 during the two years. Maximum numbespikes m-2
were produced by the foliar application of zinc X277 during 2005-06 with 235.4 as mean value ower years)
followed by foliar application of boron (266, dugi?2005-06 and 234.8 as mean value over two ydaokyr application
of these two micronutrients, individually as wedlia combination resulted in more number of spike2 as compared
to control (162.2, during 2004-05 and 228 durin®306 with 195.3 as mean over years). Saflal, (2005) and
Gueniset al, (2003) have also reported significant variatifoxsnumber of spikes m-2 for foliar application twdron.
Similarly, Kenbaev and Sade (2002) reported inerdasumber of spike m-2 for application of zinc.
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Fig. 1. Effect of foliar application of zinc and boron onumber of spikes m-2, during 2004-05 and 2005-06.
(LSD values for treatment and interaction are 24.88d 34.41, respectively)
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Number of Grains Spiké

Statistical analysis of the data showed that nunafegrains spiké was significantly affected by foliar
application of zinc and boron, during both growsggasons (Fig. 2). Highest number of grains spikas produced by
combined application of both zinc and boron (5;rap2004-05 and 48.2 during 2005-06 with 52.2 @amover
years) followed by foliar application of boron (4yring 2004-05 and 39.8 as mean value). These signéicantly
higher than both of the control treatments i.etewapray (32.5 during 2004-05 and 32.5 during 208)5and no spray
(32.1 during 2004-05 and 30.0, during 2005-06)sTihcrease was stable over both the years showingsignificant
difference between the two years. These result;diee with that of Guenist al, (2003) who also reported marked
increase in number of grains spikef wheat for application of Boron. Our results ardine with that of Soleimani
(2006) who also reported increase in number ohgrspiké for foliar application of zinc.
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Fig. 2. Effect of foliar application of zinc and boron onumber of number of grains spikkof wheat, during 2004-05
and 2005-06. (LSD values for treatment and interiactare 4.97 and 7.034, respectively)

Thousand Grain Weight (g)

Data on thousand grain weight revealed signifiacriease in grain weight for foliar application zfic and
boron, during the two tested cropping seasons,-280dnd 2005-06 (Fig. 3). Combined application athtzinc and
boron resulted in increased grain weight (52.2 gnaan over years) followed by foliar applicationzafc (with mean
weight of 50.1 g over two years). Application oftnients solution as foliar spray resulted in sigaiftly higher grain
weight as compared to both of the control treatseet, water spray (43 g) and no spray (41 g).dbserved increase
was stable over both growing seasons. Foliar agiit of crop nutrients at latter stages will eedoetter crop nutrition
at anthesis and grain filling stage which in turaymesult in increased grain weight. These resuisn agreement with
those of Soyleet al (2005) who reported significant variations fooukand grains weight for foliar application of baro
Similarly Kenbaev and Sade (2002) and HosseinigR0@ve reported increase in yield components dipli@ation of
zinc.
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Fig. 3. Effect of foliar application of zinc and boron orhbusand grains weight of wheat, during 2004-5 and05-6.
(LSD values for treatment and interaction are 3.@6d 5.325, respectively)
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Biological Yield

Significant increase in biological yield was obshfor foliar application of the two micronutrieritanc and
boron) over both the years (Fig. 4). Foliar appiicaof zinc and boron in combination resulted igher biological
yield (8750 kg ha during 2004-05 and 11389 kg hduring 2005-06 with 10069.4 kg has mean value). During both
years higher biological yield was obtained fordolapplication of zinc and boron as compared tdrobtreatments i.e.,
water spray (6513.9 kg Hlpand no spray (6763.9 kg Ha This may be due to better crop nutrition throtgier
application of the applied nutrients which may tesuimproved crop growth. These results are eseldby Toruret
al,, (2001) and Grewatdt al.(1997) who have reported increased dry matter tamufor application of zinc and boron
over control.
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Fig. 4. Effect of foliar application of zinc and boron oniblogical yield of wheat, during 2004-05 and 2005-0
(LSD values for treatment and interaction are 1488d 2025, respectively)

Grain Yield (kg ha')

Data on grain yield indicated significant incredee foliar application of zinc and boron over cattr
treatments. Mean grain yields of the treatmentindwropping seasons 2004-05 and 2005-06 are peesanFig. 5.
Maximum grain yield was recorded for combined aggiion of zinc and boron during both the growingsems 2004-
05 (2833 kg hd) and 2005-06 (2555 kg Hpfollowed by foliar application of boron ( with me yield 2354 kg h9.
Foliar application of these two micronutrients tesiiin increased grain yield over both controhtreents i.e., water
application (1791 kg h8 and no application (1520 kg Heand was stable over the years.. Micronutriengdication to
leaves of growing crop will ensure better crop itiotr at anthesis and grain filling stage whichtunn may result in
increased grain yield. These results agree witlufet al (2001), Zoritaet al (2001) and Grewadt al (1997), who
reported increased grain yield for zinc applicati®imilarly, Abedinet al (1994), and Rerkaseet al (1989) obtained
higher yield of wheat with the application of B.éltesults are in accordance with Hussdial (1995) and Arifet al
(2006).
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Fig. 5. Effect of foliar application of zinc and boron onrgin yield of wheat, during 2004-05 and 2005-06.
(LSD values for treatment and interaction are 541a8d 765.5, respectively)
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CONCLUSION AND RECOMMENDATION

The present experiment shows that foliar applioatiozinc and boron results in increased grairdyéeld yield
components of wheat during both the growing seasidmss foliar sprays of micronutrients are suggestebe applied
for better crop nutrition and increased crop growthich will ensure higher yields.
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