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ABSTRACT

Quantitative information regarding effects of mictdrients such as Boron, Zinc and Copper in whéaitiCum
aestivum) is scarce. Foliar application can guaemtthe availability of nutrients to crops for olstiig higher
yield. So to study the response of wheat to fdjaplication of these micronutrients, tow experitsewerea
factorial on randomized complete block design Vidthr replications conducted at Chenaran and MashHaah
during 2010-11. Treatments of these experimentg Wgpe of elements (Zinc, Boron and Copper) DoE&sliar
application (0, 1 and 2 lit/ha) and Varieties (Gagn and Pishtaz)The experiments were conducted under well-
watered conditions. Type of elements was significanthe number of spikes per plant, Grain per spi&rain in
square meter, Harvest Index (HI%) and Grain yitd/bia) but had no effect on thousand grain weigiroB and
Zinc showed higher amounts in mentioned traits tBapper, although Boron in Chenaran, and Zinc inskilaad
were more effective. the number of spikes per plardin in square meter, and Grain yield increaseith raising
in Doses of foliar application, so that highesttbése were in dose of 2lit/ha. Varieties and lawadi resulted
different in evaluated traits generally. Chenaraasabetter than Mashhad, and Gaskojen than Pistitazeld and
yield components. The findings found at this stadybe used in management recommendations of whgadher,
it is recommended that more attention should bd paiZn and B nutrition in mentioned locations.

Keywords: Foliar application, Boron, Zinc, Copper, WheateM and Yield components.

INTRODUCTION

Wheat {riticum aestivun is the most important and strategic crop in Iraq, for sustainable production its
regirments precise managements and special attetatiovheat nutrition [1]. The role of macro and roiwutrients
are crucial in wheat production in order to achiéigher yields [2]. Micronutrients deficiency habecame a
major constraint for wheat productivity in manyran farmlands. The deficiency of micronutrientsyrba due to
their low total contents or decreasing availabitifythem by soil aggregate fixation [1, 3].

Among micronutrients, Zinc (Zn) and Boron (B) plakey role in pollination and seed set processeshat their
deficiency can cause to decrease in seed formatidnsubsequent yield reduction [4]. Zinc as a mmigtgent in
wheat production has been clearly proved. Effe€tZimc Deficiency and response to wheat growth esagave
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been reported from various parts of the [5], alsw shortage has a worldwide problemhoman nutrition3].
The studies have been shown that one of the eféectind productive way to improvement in cerealngras
application of Zn fertilizer either to the soil fmliar application [6].

Similarly, boron deficiency also results in impairerop growth and development. Application of these
micronutrients results in better crop growth anastin increased crop yield [7]. Boron plays aanajole in plant
vital activities suctascell division, leaf and flower buflormation, glucose metabolisamd hydrocarbonsnd
their transportroot growth, cell wallformationand materialtransportatiorbetween cells. Boron transport and
transfer in plants relativelylow and thus itconcentrationn lower partsof the plant is higher. Most of boron
transport isthrough xylem vessel. Boron is mostlgoncentratedn anther, stigmaand ovary. According to
boron effect in increasingugarand hydrocarbongransport through phloem [8].

Also Copper as an essential micronutrient for ndrgnawth and metabolism of plants is well documdr{@. This
element plays role in protein and carbohydrate bwdiem as well as enzymatic systems [10].

Different experiments have been conducted to etaldbe response of wheat genotypes to micronusrient
application and a wide range of genotypic variatioresponse to these deficiency have been reppfied] 11].

These micronutrients are readily fixed in soil giant roots are unable to absorb these nutrieraguately from
dry topsoil [7]. The application of macro and micutrients fertilizer in the cultivation zone mayti® meeting the
crop requirement for root growth and nutrient ulee alternative approach is to apply these micrognis as foliar
sprays [2]. Foliar spray of these micronutrients lh@en reported to be equally or even more efiediy soil
application to overcome micronutrients deficienaysubsoil [7, 12]. Foliar application lead to ir@se in grain
yield components and protein percentage in seedinktance wheat, maize, rice, barley and sorghbowed

increase in yield components by application of mcrtrients [10]. Specially in wheat, improvemerglgiand yield
components were affected by Foliar Application ofcZ Boron and Copper, Although effects of coppend very

sharp. Many researchers reported increasing innagn traits in with caused by foliar applicatiofh these

elements [13, 14].

Although various studies have evaluated variousasp but it seems more accurate comment wouldireequ
repeated experiments in different regions of If@rerefore, the present study was conducted to expihe effect of
foliar application of Boron, Zinc and Copper on whgield and yield components, and find out the Ipestion of
foliar application and also comparing respond ef teheat varieties, to model and dose of appliedonigtrients.

MATERIALSAND METHODS

Two field experiments were carried out at Mashhad @henaran, Iran, (36° 47" N, 59° 48" E, altitaéém, and
36° 61" N, 59° 16" E, altitude 1221m respectiveliying 2010-1011 growing seasons. Each locatiohsamples
were taken from surface horizon (0- 30 cm) of thié sir-dried, passed through a 2-mm sieve andyaad for the
following properties. Particle-size distributiontelenined by hydrometer method [15], soil pH and BE@ere
measured in saturated paste and saturated extesptectively, organic compound (OC) were determibgd
Walkley- Black method [16]. Available Zn, Fe and @ere determined by DTPA extraction [17], and plmsps
by sodium bicarbonate extraction [18]. Soil avallgbof B was extracted by hot water [19] and amared by
azomethine-H colorimetric method [20]. The charasties of the soil materials were shown in Table

The treatments were compared in a factorial expartmbased on Randomized Complete Block Design (RCB
with three levels foliar application , 3 types ofcronutrients (Zinc, Copper, Boron), 2 levels of esh varieties
(Gaskojen and Pishtaz) and three levels of dosenst(ol or water sprayed, 1 lit/1000, 2 lit/1000)four replication.
Each plot had 8 rows, 15 cm row spacing and 5 n Iplogth. Seeds were sown on the 27th October #md 3
November, 2010 at Chenaran and Mashhad respectively
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Table 1. The characteristics of the soil in Chenaran and M ashhad.

Locator ECdsn® pH OC(% N(%) P(ppm K(ppm) Zn(ppm Cu(ppm B (ppm Fe (ppm
Chenaran 11 7.8 1.15 0.051 6 212 0.54 0.73 0.24 6.1
Mashhad 1.34 8 1.01 0.042 4.8 186 0.38 0.75 0.32 6

Final plant density was 300 plant in square mettso Foliar application were done at Mid-tilleringnd-tillering,

stem elongation and ear appearance stages willtethdertilizers in format of EDTA %15. All of cemmended
crop production practices were applied uniformhatbtreatments. First irrigation was given ten slafter sowing
and subsequent irrigations were applied to avoidigint stress and soil water in the 1 meter depth keat above
50% of maximum available water during the all gnogvseason.. Weeds were manually controlled irresdittnents.
Fertilizer recommendationsased on soil analysiesults(Table 1) were applied including 120 kg ha-' aple

superphosphate and &5 ha * potassium sulfate and 220 kgt * urea. Phosphorusand potassiumand one-
third of ureafertilizers were applied at sowing and the remaining @@plied during tillering and stem
elongation growtlstages.

At maturity, the inner four rows of each plot uwiére harvested to estimate grain yield ( kg)rend sup sample of
one square meter was obtained for determining Numibfertile tillers (spikes), Grain yield (kg/hablarvest Index

(%), Thousand grain weight (gr), The number of mggder square meter and Number of grains per spi&e/est

index (HI) were determined by the formula givenHynt [21].

HI = (Economic yield/Biological yield) x 100.

Plants were oven dried at 70 °C for 72 hours ngotic yield or Grain Yield, and Biological yield ene obtained
from means of 10 plant in each plots.

Data were analyzed by SAS software and multiplegammons was done through least significant diffeee(LSD)
test at 1% and 5% probability levels. Also Graplese performed in Excel software.

RESULTSAND DISCUSION

Number of spike per plant

According to analysis of variance (Table 2), effeof Type of element, Variety and Dose of applmativere
significant at 1% probability level. Also Interamti effects of Type of element in Dose of applicatidype of
element in location, Type of element in Varietylacation, and Type of element in Dose of applicatio location
were significant at 1% probability level (Table RB)ean comparison showed that Gaskojen with 4.17deasinant
than Pishtaz variety (Table 3). the Highest andloineest amount of Number of spike per plant werkieced in
dose of application with 4.22 and no sprayed fa@tontrol) respectively (table 3). Also Zinc hackat result on
thus trait rather than other element (table 3).

Evaluation of Interaction effect of Type of elerhé@nDose of application showed that only boostifiginc dose
could gradually increase Number of spike per pléable 3), although In Mashhad region Zinc cadusereasing
Number of spike per plant than Chenaran region 8lrig

Tahir et al., [22] expressed Among yield componentsnber of fertile tillers is very important besauthe higher
number of fertile tillers can be formed the moreficrop yield.

Zoz etal., [23] stated that The applicatiorhigfher concentration of zinc foliar applicatiotoaled to obtain 26%
raising in the number of wheat spikes per squatencompared to non-supply of nutrient. Simila8gadh et al.
[24] showed that foliar Zn application provided 2i8¢rease in the number of wheat spikes pér m
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Table 2. Combined Analysisof variancefor Yield and Yield components (the numbersare Sum of Squares)

Sources of Number of Number of The number of Grain per Thousand grain HI (%) Grain yield
variations ) spike per plant  grains per spike square meter weight (kg/ha)

L 1 3.86"¢ 3252.4 3877192780 88.75"¢ 542.4 59891824.34

Errorl 6 66.17 3412.81 2562244601 547 .42 418.72 28790234.54
TE 2 19.87 832.1 773920157 0.76" 162.9 11395452.55

\Y; 1 10.71" 225" 971437471 9.62" 3270.81  63367928.36

D 2 10.09 3.66 " 580378939 45.82"¢ 84.6" 22378497.12
TE*V 2 0.65" 6.93 " 60385537 5.29" 74.98" 821421.54*
TE*D 4 11.01" 580.8 565148848 8.37"™ 189.85'¢ 7504673.99
V+D 2 1.27" 32457 719115835 1.89"¢ 68.44" 7068912.96
TE*V*D 4 0.76"* 10.34" 45233746 9.57" 89.67" 615098.29*
TE*L 2 16.37 42.36" 474079997 11.04" 159.67 4641988.06
VL 1 0.0158 8.85"¢ 1125061571 0.55" 708.88" 1885639.33
D*L 2 1.46" 9.49 " 103800518 59.89 82.39" 331319.46*
TE*V*L 2 0.2 3.3« 1121966, " 4.9¢" 196.07 71669.7:"<
TE*D*L 4 9.43" 107.12"¢ 479942510 5.52"¢ 88.52"¢ 5377894.5
V*D*L 2 2.3 204.96 150373942 6.45" 31.44™ 389644.87+
TE*V*D*L 4 1.4 131.4:" 1522019: " 11.98M¢ 98.5¢"* 64962.1!"
Error2 102 56.91 3271.16 3053808157 2291.24 2685.62 43683737.5

C.V (%) 19.12 20.91 18.18 11.69 13.1 10.88

**: P<0.01; *: P<0.05; ns: non significant.
The abbreviations: Type of element (TE), Dosepfieation (D), Variety (V) and Location (L)

Table- 3. Mean comparison of studiestraitsas affected by Type of element, Variety, Dose of application, Location and also some of their

interactions
Treatments Number of spike per Number of grains per ~ The number of grain per Thousand grain HI Grain yield
plant spike square meter weight (%) (kg/ha)
Type of element
Zn 442 a 24.99b 30690 a 40.6 a 38b 6205.6 a
B 36b 3044 a 32574 a 40.43 a 40 a 6214.5a
Cu 3.68b 25.78 b 26993 b 40.58 a 38b 5613.3 b
Variety
G 417 a 27.46 a 32683.1a 40.28 a 43 a 6674.5 a
P 3.631 26.67 i 27488.4 | 40.79 0.34 L 5347.8 |
Dose of application
3.57¢c 27.1a 27891 b 39.8a 38a 5498 ¢
1 391b 26.86 a 29623 b 40.65 a 39a 6079 b
2 422 a 27.24 a 32743 a 41.17 a 39a 6456.5 a
Type of element * Dose of application
Zn0 3.57¢c 27.1 bc 27891d n.s n.s 5498 c
zZnl 456 b 24.07c 29938 cd n.s n.s 6285.6 b
zn2 5.14 ¢ 23.8 ¢« 34241 a n.s n.s 6833.3
BO 3.57¢c 27.1 bc 27891d n.s n.s 5498 c
B1 3.58¢c 30.17 ab 32063 bc n.s n.s 6275.6 b
B2 3.65 ¢« 34.04: 37768 i n.s n.s 6869.9
Cu0 3.57¢c 27.1 bc 27891d n.s n.s 5498 c
Cul 36¢c 26.34 bc 26868 d n.s n.s 5675.8 ¢
Cuz 3.86 ¢« 23.89¢ 26220« n.s n.s 5666.2 (
Variety* Dose of application
GO n.s 25.37b 27414 c n.s n.s 5857.5¢c
Gl n.s 28.4 ab 33126 b n.s n.s 6828.1 b
G2 n.s 28.62 a 37510 a n.s n.s 7338 a
PO n.s 28.83 a 28369 c n.s n.s 51385e
P1 n.s 25.32b 26120 c n.s n.s 5329.9 de
P2 n.s 25.87 ab 27976 c n.s n.s 5574.9 cd
locations
Chenaran 4.06 a 31.82a 35274.7 a 41.32 a 4la 6656.1 a
Mashhad 3.74a 22.31b 24896.8 b 39.75a 37b 5366.2 b

Column means followed by the same letter are goifstantly different at 5% probability lev

Also Boorboori et al,. [10] declared zinc soil &pation increased 11.36 % compared to the confotording to
their assay, foliar application of copper in EDTétflizer format had no effect on number of fertiliers of Pishtaz
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variety in wheat. Ali et al,. [7] Informed Foliapglication of Boron and Zinc, resulted in more nembf spikes m-
2 as compared to control. The results of other eyt were in consistent with these findings [26]. obviously
elevation of number of spikes was affected by Zivliar application could justify for the reasof ¢he higher
number of fertile tillers per plant at the vegetatstage, and also zinc application seems to dweomd weakness of
stems so it lead to formation more fertile spik&3, [27].

Number of grains per spike

result showed that (table 2) Type of element agdtion were significant at 1% and 5% probabiléyel (table 2).
Boron with 30.44 and copper with 25.78 had the hégj and lowest Number of grains per spike respgt
Chenaran showed more Quantity with 31.82 than Madlftable 3).

The Interaction effects of Type of element in Do$epplication, and Variety in Dose of applicatiat 1% and
Variety in Dose of application in location were rdficant at 5% probability level (table 2). Intetian effect of
Type of element in Dose of application showed thi#th increasing in element concentration, Numbegrafins per
spike didn’t drastically change and this no respomas distinct by copper application (table 3)etattion effect of
Variety in application dose revealed that Pishtith no foliar application had more than sprayigthods (table
3).

Tahir et al., [22] expressed Number of grainsggeke is an important yield formation factor and laadirect effect
on the final wheat grain. It was manifested thatdBoapplication had considerable effect on the remdb grains
per spike. Maximum grains per spike (54.75) wereorged where Boron was sprayed at booting stagg [22
Boorboori et al,. [10] reported foliar applicatiowith Zn and Cu increased number of fertile t#iléo 0.10 % and
0.79 % compared to the control in Pishtaz variétylueat.

Guenis et al., [28] and Soleimani [29] stated emtrincrease in number of grains spifevheat was observed by
both zinc and boron application. Ali et al,. [7samed that the Highest number of grains spike praduced by
combined application of both zinc and boron. it weported that either foliar or soil applicatioh zn could
increase number of total grains per stalk [4].

Also foliar application of copper with EDTA feiiiler had no effect on grain number per spike ofifais variety in
wheat [4], and this result was in consistent withr results .Whaley et al,. [31] said that nutisedeficiency may
decrease spike length followed by decreasing mber of grain in spike. Promoting in number of grai spike
affected by Zinc and Boron caused by increasingyiptophan synthesis and therefore amount of IAAntane in
plant [30, 32] and due to the reason that Borogsptavital role in grain setting of wheat.

The number of grain per square meter

All of the main effects on this trait were signditt at 1% probability level (table 2). among sueeyelements,
boron with 32574 and zn with 30690 had the moltiémce on the formation of this yield componenas&ojen
with 32683.1 had more number of seeds per squatrer tian Pishtaz Variety. Increasing in dose appbio caused
to meet more number of grain per square meter. &harwith 35274.7 was paramount than Mashhad (&ble

The Interaction effects of Variety in Dose ophgation that was significant at 1% probabilityéé (table 3), and
interestingly outcomes showed that Gaskojen #agecontrol level was nearly equivalent of RPé&hVariety in
maximum dose (table3). Also results showed thategsing the Copper concentration unlike zinc antbrbo
elements could increase The number of grains peregmeter (table 3). Interaction of Type of eletriariocation
declared that boron in Chenaran (with 40320 numbeuised highest amount of this trait, but in MashtZanc and
Boron had same effects (Fig 1). Also results coteplehat increasing dose of boron in chenaran cstitdulate
raising of this trait but these results was notilsinin Mashhad (Fig 3).

Baybordi and Malakouti [13] showed that Number ddig per plant was increased by boosting in Zingliagtion

rates so differences were palpable between nantezdt(control) and the most rate of zinc appligatid3 number
per plant) Satore and Slafer [33] believed The nemd§ grain per square meter has strong relatipnsfth grain

yield so the more number of grain in area madentioee grain yield. This trait unlike grain 1000 igle was
influenced by agronomic managements such as fentifipplication and etc.
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In this experiment because of many treatments wigrgficant on the number of spike in plant and thumber of
grain per spike, certainly significance of Themier of grain per square meter was logical. Tloisfidence
supported when observe grain 1000 weigh have fettedn differences of grain yield between varitrestments.

Thousand grain weight

table 2 revealed that there were no consideralfiereince regarding this trait but Mean comparisomiged out that
Chenaran appeared better than Mashhad at thousaimdvgeight (table 3). Also mean comparison of ratgion
effects showed that no significant differences widrseved (table 2).

Boorboori et al,. [10] Expressed solution sprayofgZinc and Copper elements in barley showed naifségnt
effect on 1000 grain weight. Pahlevanrad et al] [@ported that evaluated foliar spraying of Zideneent on
wheat, didn't observe marked effect on 1000 gradigit. In other experiment no effect of zinc Folsaplication
on this trait in wheat reported [14]. Korzeniowskad Stanislawska-Glubiak [35] stated Copper apitinadid not
influence on grain size of any tested cultivarsthair investigation , no distinction observeduat weight of
1,000, from the rang of zero ( no treatment) t@pplication .

Boorboori and Tehrani [30] informed foliar applicat of zinc and copper with EDTA fertilizers hadtreffect on
1000 grain weight of Pishtaz variety in wheat. tmparison of Copper Foliar application with contstatistically
nothing differences was called in this respebg, gimilar results was reported by Ziaeyan andiR§@a regarding
boron application.

Donaldson et al,. [36] believed that 1000 grainglieican not compensate grain yield lack, also $atod Slafer
[33] daresay that stability in grain weight of whesaa genetical farctor for survival.

Harvest Index

main effects were significant on Harvest Index,egtaose of application (table 2). Boron applicatigth 40% had
the most effect on harvest index formation ratlhentother element also zinc and copper appeared. samong
cultivars , Gaskojen with 43% had more Harveseindhan Pishtaz , Also Chenaran had prioritharnvest index
than Mashhad.

The Interaction effects of Type of element in Vayrim location, Type of element in location at 1¥#davariety in
location were significant at 5% probability lev&lfle 2). Results showed among elements , Bor@hemaran had
the highest amount of Harvest Index whereas Typsement in Mashhad didn't affected on Harvestebn (Fig
1).

Also Mean comparison showed that although Gaskegs paramount than Pishtaz in both regions, askGen
in Chenaran (with 48%) had higher amount than Gaskio Mashhad (with 39%) (Fig 2).

Tahir et al., (2009) expressed the more harvesgxrwill be for the reason of the physiologicakendial for
converting dry matter into grain yield. effectsbafron application on harvest index was claimed fTethal., 2009)
.the most effect of boron application on harvesieinwas reported at anthesis stage in wheat seTtesults are
supported by the findings of Alaet al. [37]. Dehghanian and Madandoost [14] showed Harivelex increased as
linear versus increasing in dose of zinc applicgtiso that maximum rate of HI (47%) was in highesel of
application.

The increase in the Harvest index due to microentsi may be attributed to its influences in enhandhe
photosynthesis process and translocation of photbetic products to economic parts as well as ssEenzymatic
activity and other biological activities [38].

Grain Yidd (kg/ha)

According to analysis of variance (Table 2), effeof Type of element, Variety, and Dose of appiosawere

significant at 1% probability level. Boron and Ziwere same and showed higher amount in Grain Yiejtha)

than Copper element (table 3). Gaskogen with 66Kg/Ba was more than Pishtaz with mean of 5347/&ag
Highest Grain yield achieved in higher dose of aggpilon with 6456.5 kg/ha, and lowest of this rethto non
sprayed level (table 3). Mashhad with 5366.2 kdlteam Chenaran with 6656.1 kg/ha, indicated lowaiGyield,

like many other traits (table 3).
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The Interaction effects of Variety in Dose of lpgtion that was significant at 1% probability &\(table 2),
indicated that Grain yield of Gaskojen varietyrtHishtaz Variety has greater response to incrgasimose of
application (table 3). Also results showed thatéasing in dose of Zinc and Boron elements incré&asén yield
meter unlike the Copper (table 3). Interaction gpd of element in location declared that boron irei@aran (with
7096.7 kg/ha) caused the most amount of Grairdylalit in Mashhad Zinc (with 5757.6 kg/ha) had saffect
(Fig 1). Also this result showed that about Typesl&@ment in dose of application in location, in Gaean , yield
increased by means of increasing In dose of el&mapplication, but this interaction effect didobserve in
Mashhad (Fig 3). Although Gaskojen variety yieldedre in Mashhad than Chenaran, but difference hatwe
Varieties were more distinguished in Chenaran #ig

Tahir and et al., [22] observed in their assay mimh grain yield (3946.13 kg Hawas observed in control i.e.
without boron application. Also They have on opimtbat Grain yield increased be with Boron treatntkre to the
reason that the application of Boron enhanced pdildke germination and grain setting. These infeFsrare in
accordance with the Moeinian et al,. [8] that badid®oron application has a key role plant metabdism, root
growth will increase and by better use of nitroged synthesis of more carbohydradesl proteins and plants use
water more efficiently.

Abbas et al., [39] daresay Consumption of more Zincrease grain yield than control treatment. Afaz et al,.
[23] observed The application of 216g~hZn allowed obtaining 14% increase in wheat yietunpared to the
absence of Zn supply that can be attributed tontwased number of spikes per unit area.

Boorboori and Tehrani [30] expressed that foliaplegation of zinc increased grain wheat yield wlzereopper
foliar application had no effect on this trait. dsay the increase in the grain yield is attribgabl the improved
physiology of plants with the added Zn consequeatyrecting the efficiency of different enzymes)ochphyll

content, IAA hormone and improvement in nitrate \@nsion to ammonia in plant leading to higher yigi@, 10,

38, 39, 41]

Finally must be say According to Ozturk et al. [4Ple highest wheat yield is closely related todhkivar potential
to produce fertile tillers.
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Grain Yield.
Column means followed by the same letter are goifetantly different at 5% probability level

CONCLUSION

1- It could be concluded that, use of micro nuiti§ elements especially Boron, Zinc had positifecefon yield
and yield components.

2- Tow wheat varieties had different nutritionalmd®nds regarding boron and zinc but generally Gaskbjad
better response to mentioned elements than Pishtaz.

3- According Soil analysis table (tablel), highesponse of tested traits to Boron in Chenaran,tandnc in
Mashhad is logical. So more attention to Boron igpgibn in Chenaran and Zinc Application in Mashhad
agronomic management may improvement wheat yieldese regions.

4- Chenaran showed higher amounts in traits, tleat refer to long-term conditions such as higher feafility, or
short-term conditions such as better environmerdaditions especially precipitation that in testgdwth season
was higher than Mashhad.

5- For achieving overview results recommend, tlepticate experiments on these elements in otheatitots and
regions and evaluation combined methods for elesregpplication.
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