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Table 1- Soil physical and chemical properties of experimental location
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Table 2- Weather station statistics during the experimental period in Ramhormoz city
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March il 24.7 12.2 52 40.4
ADIL (3,55 325 16.7 43 294
May cuigs)! 38.1 23.2 43 29.6
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Table 3- Analysis of variance (Mean of squares) physiological growth indices two cultivars of bread wheat affected by of
experimental treatments

Olpis ilie 4259 Thw 028l S mhaplyy W S g My CEpw e Gy
S.0V d.f ol LAl S LAD CGR Jgazo RGR o NAR ,alls
(Block) <4 2 0.0007"™ 27.5747™ 5.1082" 0.000073™ 0.0007"™
(A) csls gk 1 13.7174™ 548061.4321" 138.5160™ 0.000588™ 0.0620"
(Ea)a clas 2 0.0215 210.4966 0.4987 0.000017 0.0014
(B) b Jsle 3 1.4963™ 15215.3986™" 66.9815™ 0.000859" 0.1130™
AxB 3 0.1248™ 2986.3734" 7.9401" 0.000013"™ 0.0126"™
(Eb)b cls 12 0.0060 48.0499 1.3501 0.000003 0.0101
(C) p5 o8, 1 0.2523™ 2595.2855™ 6.0776™ 0.000560" 0.0132™
AxC 1 0.0200™ 471.0654" 6.5564" 0.000004™ 0.0301™
BxC 3 2.0048 20248.1319 113.3594 0.001364 0.1679
AxBxC 3 0.1267™ 3369.3176™ 6.5168" 0.000042" 0.0165™
(Ec)C las 16 0.0108 82.1904 1.5399 0.000006 0.0111
CV% 3.2 2.8 10.9 4.0 11.8
Lo pd S g dopd gy Jlein ] o )3 (39 5 ixe g 45 xe puf T Say 4 F NS

ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively
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Table 4- Analysis of variance (Mean of squares) chlorophyll fluorescence parameters and grain yield two cultivars of bread
wheat affected by of experimental treatments

Ol s 2alio a0 3,5os ySlas 5095155 3 Slos 3 Slos SSlas ewgels 3 Slos
SOV G5l M phngid ogilsS gl Fhe  lmwigid (o0gilsS  olownigid pud ail>
df el S5l byl > (@PSI) I S5k kylyud 3 11 (NPQ) (Grain yield)
(Fv/Fm) (o 6 4 (stlindgy b o
(Fv'/Fm’)
(Block) oL, 2 0.00002379"™ 0.00028846"™ 0.00002486"™ 0.00000701"™ 0.45™
(A) csls g, 1 0.00578602" 0.01624352" 0.00856002" 0.11960033”  31048585.98"
(Ea)a slas 2 0.00001327 0.00006652 0.00004190 0.00000515 53.54
(B) sk Jsloxo 3 0.00147891™ 0.01110924™ 0.00864930™ 0.00034453™  2858344.42"
AxB 3 0.00002041"™ 0.00029658" 0.00004369"™ 0.00001511" 224269.74”
(Eb) b (slas 12 0.00000347 0.00005472 0.00003974 0.00000109 23598.65
(C) p5 o8, 1 0.00047502" 0.00162169™ 0.00225502" 0.00009633™ 145959.99"
AxC 1 0.00002002" 0.00028519™ 0.00000919"™ 0.00000208"™ 31.20"
BxC 3 0.00388685 0.01199430” 0.00817024” 0.00097289”  3255199.99
AxBxC 3 0.00008431 0.00028835 0.00026508 0.00002364 312159.90
(Ec)C las 16 0.00000679 0.00008085 0.00010671 0.00000231 14505.37
CV% 1.3 1.2 1.3 1.4 12.6
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ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively
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Table 5- Comparison of mean physiological growth indices two cultivars of bread wheat affected by of experimental

treatments
CwlS b " i s L Thw 0l b G ey S
Planting date o ‘Jsbm ) ”'e_’ S o o LAD Sy  CGR Jgmase RGR o
Foliar application Cultivar : 2 Pyt R
LAI (cm*day) (gm?day?) (gg*'day™)
o e 3.06° 348.24° 8.00%" 0.024
(12l3) o Pishtaz
Water (Control) ¥ olez 3.19% 361.85° 9,83 0.027°"
Chamran 2 ' ' ' ’
oy 412 468.37° 18.63° 0.045%
pow Pishtaz
ke 315 o Potassium Ch‘ olrz , 33 376.97 9.94° 0.032%
Optimum planting date ?gin
I 3.53¢ 401.54° 10.35° 0.027¢
) Pishtaz
Zinc Vol 4.70° 533.46° 15.82° 0.040%
Chamran 2
S 3.49° 396.41° 12.58¢ 0.034%
$9y T el Pishtaz
Potassium + Zinc Y ol 4.59° 522 172 1920 0.047°
Chamran 2 ' ' ' '
Sy i i h g
o - 2.27 180.02 6.58 0.020
(sals) ol Pishtaz
Water (Control) ¥ olez 2.35" 186.06" 7.44" 0.022
Chamran 2 ' ' ' '
ey 3.02° 239.34' 11.20% 0.025
o Pishtaz
b cals gl Potassium cr:aﬁ?; , 2.43%h 192.80%" 7.53" 0.023
Late planting date ek
s 2.58Y 204.119 8.69%" 0.024™
$9) Pishtaz
Zinc Vol 3.18% 252.25f 13.26% 0.024%
Chamran 2
Sl 2.46%" 194.90%" 757" 0.024
Sy + pamlty Pishtaz
Potassium + Zinc Y ol 316 249.79' 14.99% 0.034°
Chamran 2 ' ' ' ]
LSD 5% 0.158 14.30 2.16 0.006

B, LSD ig) 4 o3 0 Jles ] pdaws )3 (g)b sime @igld5 S yidie By s gl o pSilo gt
Means in each column followed by similar letters are not significantly different at 0.05 probability level using of LSD.
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<l il anS RGR cusls ;o p8b b oS sy olis 2012)
Motaghi ) wawlss 3,8 &8 wiily jlebl (o)l Cpidie i
<250 (Mohsin et al., 2014) ¢4, 5 (and Saki Nejad, 2014

9 oniione Slaasil by (il s )5 RGR Ll
ably Sled e
(NAR) palla Gia cs

gyl ool iyl 51 e a8 ol lis wsbjly asjzs muls
liy (Bl sl Blite Sl 5 (595 5 mawly (oShslre 5 clS
B 38 b Mo 5 Lol Sl S 08, 5 53, 5
s Ko Jlsl gdas 5 NAR 235 03 5 (53, 5 el
Dlite il ke awslio (¥ Jodo) Mg Jb bz pe Ao yd
NAR j pa5 03 5 69y 5 el (ibJglne il zolaw
Sbgome Blite 31 )3 NAR (lie o5t o o gl pus
9 (9) »® Spaw @y sio g p)S YV Y Glpex o859 )
St o8) 5 (ld) O g blie g1 > ol (568
£ giz) sl casdes (j) 9 Sy o @y o 2 p)5 +INVO)
oloj) puS lidles S alsye 3 NAR lie yils ilojl 5
Ot Jg3 89y o 31 Bty 38 Jolye 4 G (50240900
203)5 s |y (Jo 99y cnl 95 9 ety 28 (Jl cnl b ol
a8 il kbl (Modhej and Fathi, 2008)  owé 5 godo
LSy o il cleay puiS 03,y adsl Jslye 13 NAR e
Olidl cleay 5 dy doldl b gy 095 liee ySlus 13 o2 (5 p
o e NAR ke ol Vb oSy (sl
g ilBlale o Sl e Gl cdea A8y Juad Bl 3 5 <8l
3 tno Slge JS) o] Blete 5 0453 Sitogid S s Si0lS
(Haider, 2007) ,an .dw) 355 jlde Jolis & laash 4 Sy,
ol el ilsal puS olS NAR cusls j3 3l b as sl 3,18
NAR il s el Sleden Sialejl onl gl b of assly
» &ls) COR 5 g (8l b Glge 1) ptalefl ool
Fo b &) Cans alio €3l Gyl o (NAR ahles yuS &g
L NAR &5 0s 555 cpmined o bagye ol cusls
&3y 5 (Motaghi and Saki Nejad, 2014) yewly 5l Jsbro
1 390 Wl o &S by lis i)8l (Mohsin et al., 2014)
Al ol islel gl

G Cos ¥ gl 08y 5 oyt el (oSh gl Jlite
ol 05 5 (55 2 o5 @ e 2 p5 VUVY) canlie S
&b cov iy ofy o (seld) O 3l gl e 51 5
sl sty () 2 cwej @ o 2 £S5 FIOA) syl cudls
dbye > COR lie oayidy psl Galojl 3 (0 Jga2)
Db ol ials jasls ol ol 5l e g A5 osalie Slisles S
S )l ) elie gbs 50 (Hooshmandi, 2015) sxiedsn
buwg odd Gl b jlde g COR oy a8 ol (5,155 s ()]
dobdl b aS gysbdy by 23y paine dyly olS S sl Sy
oial33 CGR (LAI) il sausScdl yd mdow yili8l ¢ olS i,
O 3l 9 4y 993 Oliee iShe 4y SLadles ) als po 53 5 Ly
Gl ous ials g LA ials ey wisy olasl Jolpe 5o
95 533 COR oSy gy 5 Lol Ll Jl sl b
2 el bl e e« ol by (Hooshmandi, 2015) sl L
ly COR Wl o 395 ol plgd g LAl iuliél coge a5 ole
# 3UL ol ples o LAL als sls ilosl jo sy iuljl
ol owlsél 4 (Dhyani et al., 2013; Blye et al., 1990) cusls
&9, 5 (Jahanbin et al., 2015) ol 5L Jslre b o yasli
UiblS saiS A g5 Wlg e &S gy dapaie (Mohsin et al., 2014)
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959 9 el (b gbre (dlS )b lite 5 Lol 5l 48
Jgia) 9392 53 ine 20> S Jleinl o 13 RGR yy p57 05,
2 Ohilejl gloslog iliee gl lite S5 (S0l dunglio (¥
Dbl 5l ;0 RGR e oy &S db lis pa5 RGR
CllS )b cos Vo gler o) 9 o) + el (oSbJglne
Jlize 3 ol S 5 Gy 2 25 5 S +1o¥Y) sl
b cals f)b cov iy o) 5 (wls) of sl sk
oilel 3 (0 Jgsz) ael cunsay (39) 3 p)S » pS <Y
(o3 piges loj) paiS (SLaSlod)S" Alapo y3 RGR (lje 3>
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5 obaly ol (ials 1) (Jo gy nl 59 5 mawly 38 929
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Joa bl 15 fob dbje Sl s g ad) b sl
Sois ey 3 g WSy 4 ok Mg Suis oole IS ol
S9) 2 Sy S ilulls (alS anal 900 4 )9 yule
@54 939 YL ROR (50 58 s g pald o S0
28l gy ROR (i (LS by (8 oSlpe Jidsa



IVAA 3l oF o)lods Y wdo (1l £ly) Gleiidgy 4 pis YA

597 9 mewliz (ol Joloee ;51 Cod (U @S 08 93 Al s C o (5o Ammllio T Jgi>
Table 6- Comparison of mean NAR two cultivars of bread wheat affected by of potassium and zinc foliar application

il gl o) oAb i ey
Foliar application Cultivar NAR(g m? day?)
('\""L‘:‘) “.j by c
Water (Control) Pishtaz 0115
Y oler 0.198°
Chamran 2
A~ Sy 0.214°
Potassium Pishtaz
Y ol c
; 0.199
Chamran 2
Zinc Pishtaz
Yooz 0.249%
Chamran 2
St W““l"' )L""‘“" 0 197b
Potassium + Zinc Pishtaz '
Y olez 0.220%
Chamran 2
LSD 5% 0.030

55,5 LSD g, 4 o3 0 Jlets] o )3 (g)b e iglds S ytie gy (gl (slapSilo gt g
Means in each column followed by similar letters are not significantly different at 0.05 probability level using of LSD.
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S S (PSI) I isgts STy 5550 (63,5585
oAl g (il ol Claio g (PSI) I ptugusgid olandyrd
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(Hui-ping 1,55 pa8 olS w2 Sy > OPSIT i3l g0

1S5t Lol et o 1 i 35 a1 3 pSlas jishaa
(FVIFmM) <o, L oud
Cudls Zo,b Jlite S5l o8 o Gl uib)ly o0 @l
PS03y 5 catlS Gl e 1 5 (55, 5 meliy (ol Jooxe 5
989y 9 memliz (b ol 3lS Z)b Jlite 5 Lol ] 48
Dbre dopd g g S Jis) pmaw 3 FVIFM 4 puiS o8,
Gliko pob e Ol ke amlio (F Jpi2) S
i poie & o ol paS FVIFM 4 Liolesl olales
Vooles 885 5 oyt el (Bl Jsle Jlite g1, FV/Fm
Dlize 3l > ol p5eS 9 ((JAFY) cuwlie cullS )b o
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Table 7- Comparison of mean chlorophyll fluorescence parameters and grain yield two cultivars of bread wheat affected by

of experimental treatments

5 ,Sdos pSlas 5, Slos 3,50os pSlas
- » 55lgS
. o9hlgS ' o . :
ol g, il Jslome i 4 woglys I . ogels > 3 Slos
. ~) P i ¥ e ansat on . .; .  Grain
Planting date Foliar Cultivar - . » Bilw bl ctboawgdps ield
application Milwlulps gy ) j’“ NPQ (IZ hY)
S b o I b o g
Fv/Fm OPSIL  Fv'/Fm’ oludg,
0 ’L“‘“’ 0.800¢ 0.704%" 0.734%" 0.351° 4572.68°
(sali) Pishtaz
Water (Control) cr:a:k; , 0.801° 0.715% 0.745% 0.349° 4611.24°%
ey 0.836° 0.804° 0.820%° 0.333" 5965.67°
ool Pishtaz
tubie C38 )6 Potassium Vol 0.801° 0,725 0.758¢" 0.348° 4802.17°
Optimum Chamran 2
lanting date
planting iy 0.802° 0.739 0.771% 0.334" 5115.26°
$9) Pishtaz
Zinc ¥ oler 0.836 0.806° 0.821% 0.3320 6795.63°
Chamran 2
. )L-“w d c de f c
oy + paly Dishtg 0.803 0.742 0.773 0.334 5049.82
Potassium + v o
Zinc o 0.842° 0.812% 0.823% 0.333" 6651.85°
Chamran 2
o ey 0.771° 0.675' 0.709' 0.455° 3295.56'
(sali) Pishtaz
Water (Control) cr:aﬁql?; , 0.778% 0.682" 0.722" 0.452% 3406.05"
oy 0.814° 0.734°%% 0.796° 0.432° 4381.33
ool Pishtaz
s wls_g‘g;ls Potassium Y ol 0.781¢ 0.711°% 0.749°% 0.432° 3774.26°
Late planting Chamran 2
date _ _
ey 0.781° 0.693%M 0.728%M 0.432° 3562.98%"
“$9) Pishtaz
Zinc cr:aﬁl?; ) 0.817% 0.773" 0.795¢ 0.427° 4617.84%
. Sk e efg fgh b h
oy + paly Dishtar 0.780 0.709 0.744 0.451 3538.43
Potassium + -
Zinc Cha;i; ) 0.822° 0.777° 0.788¢ 0.432° 4436.10°
LSD 5% 0.0075 0.026 0.025 0.004 229.16

B, LSD gy 4 o3 0 Jles ] pdaws )3 (g)b sime @iglds S pidie By s (gl o pSilo gt
Means in each column followed by similar letters are not significantly different at 0.05 probability level using of LSD.
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Introduction

Wheat (Triticum aestivum L.) is one of the most important sources of plant food for human among the main

crops globally. High temperature resulting from delay in planting is one major environmental factor limiting
growth and production of wheat, especially in tropical regions. Most of the Iranian soils have high pH and
calcareous nature, so absorption of nutrients is limited in these soils. Mineral nutrition of plants plays a critical
role in increasing plant resistance to environmental stresses. Among the mineral nutrients, potassium plays a
crucial role in the survival of crop plants under environmental stress conditions. Potassium is essential for many
physiological processes, such as photosynthesis, maintenance of turgidity and activation of enzymes under stress
conditions. Zinc is a ubiquitous micronutrient. It is required as a structural and functional component of many
enzymes and proteins.

Materials and Methods

To study the effect of potassium and zinc foliar application on growth physiological indices, chlorophyll
fluorescence parameters and yield of two bread wheat cultivars under late planting date, an experiment was
conducted as split-split plot based on randomized complete blocks design with 16 treatments and three
replications in Ramhormoz city during 2015-2016. The experimental factors were included planting date in two
levels optimum (November 21) and late (January 5) as the main factor, nutrients foliar application in four levels
(water as a control, potassium, zinc and combination potassium + zinc (each 3 l.ha™)) as the sub factor and two
cultivars of bread wheat Pishtaz and Chamran 2 as the sub-sub factor. Solutions for foliar application were
prepared by using potassium (21%) and zinc-chelate (7.5%). Traits measured were included leaf area index
(LALI), leaf area duration (LAD), crop growth rate (CGR), relative growth rate (RGR), net assimilation ratio
(NAR), maximal quantum yield of PSII in the dark-adapted state (Fv/Fm), effective quantum yield of PSII
photochemistry (®PSII), maximal quantum yield of PSII in the light-adapted state (Fv'/Fm'), nonphotochemical
quenching (NPQ) and grain yield. To determine LAI, LAD, CGR, RGR, NAR, Fv/Fm, ®PSII, Fv'/Fm' and NPQ
were used from equations 1, 2, 3, 4,5, 6, 7, 8 and 9, respectively.
: LAI= Plaxden /10000
:LAD=1/2 (LA2+LA1) (Tz-Tl)
: CGR=[(W, - W)/(T, - T,)] x (L/GA) x 100
:RGR= [(anz - |nW1)/( T2 - Tl)] x 100
: NAR= CGR/LAI
: Fv/Fm= (Fm — FO)/Fm
: OPSII= (Fm — F)/Fm’
: FV/Fm'= (Fm' —FQ")/Fm’
: NPQ= (Fm — Fm')/Fm'
where, Pla is average leaf area per plant (cm?); den is real density (plant m?); LA, is primary leaf area (cm?);
LA, is secondary leaf area (cm?); T, is first sampling time (day); T, is second sampling time (day); W, is
primary dry weight (g); W, is secondary dry weight (g); GA is ground area (m?); InW, — InW; is natural
logarithm difference of dry weight; Fm is maximal fluorescence yield of the dark-adapted state; FO is minimal
fluorescence yield of the dark-adapted state; Fv is variable fluorescence (dark) (Fm-FO0); Ft is fluorescence
emitted by the leaves adapted to lighting; Fm' is maximal fluorescence yield of the light-adapted state; FO'is
minimal fluorescence yield of the light-adapted state, and Fv' is variable fluorescence (light) (Fm'-F0"). The grain
yield was determined at maturity stage and through the harvest of all spikes from the level of 1 m? per plot and
after removing 0.5 m from the beginning and end respective planting rows (rows 5 and 6).Analysis of variance
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was performed using general linear model (GLM) procedure of statistical analysis system (SAS version: 9.3).
The means were analyzed using the least significant difference (LSD) method at P=0.05 (LSD 0.05).

Results and Discussion

The results showed that late planting date due to terminal heat stress significantly decreased LAI (30.0%),
LAD (48.4%), CGR (21.8%), RGR (13.7%), NAR (22.4%), Fv/Fm (3.2%), ®PSII (4.4%), Fv'/Fm' (3.2%) and
grain yield (27.0%) of two cultivars of bread wheat Pishtaz and Chamran 2, but increased significantly the NPQ
(22.7%). Potassium and zinc foliar application improved significantly traits the LAl (17.5%), LAD (17.62%),
CGR (33.5%), RGR (12.0%), NAR (37.6%), Fv/Fm (3.1%), ®PSII (7.4%), FV'/Fm' (6.6%) and grain yield
(17.30%) of two cultivars of bread wheat Pishtaz and Chamran 2 under late planting date except for the NPQ.
Among the interactions of nutrients foliar application and bread wheat cultivars, the response of Pishtaz and
Chamran 2 cultivars were more suitable to potassium foliar application, and zinc and zinc + potassium foliar
application, respectively. As well as, among wheat cultivars cultivated under the conditions of non-application of
potassium and zinc (control), Chamran 2 cultivar had a comparative advantage in all measured traits under both
optimum and late planting dates compared to Pishtaz cultivar.

Conclusions

In general, it can be used from timely planting date, potassium and zinc foliar application and suitable wheat
cultivar such as Chamran 2 as three management strategies to reduce the harmful effects of terminal heat stress
caused by late planting date in Ramhormoz city.
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