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*Within columns and for each component,, means followed by the same letters based on Duncan's Multiple Range Test are not
significantly different (P < 0.05).
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Change percentage compared to the control condition: + and -, increase and decrease compare to control condition, respectively.

OB A 4o > (Sid T ) Fegid s ialS
s &S Cawl (6w gid olSiwd 4 Ojlud dons 0 b g badijg,
(Chaves etal., s)ls ol Jloel ploj cote g (Sl a5 s 4
2009)
ey cnpSomby 5 oYL L e 4 poyl g Ngew o8,
F ) 159y Calan Jlade (5wl 9 0 5VL Oeiones Giwg
55 i |y (glassg) colia (g o e ooty (DS S5zl

3y90 plB)l (Y Jodn) o (1o )d YE/F) Lials Slidles,S I o

slan sy susby dals bylus o Slidles 5 il un i, can

dewSlied Jgeg,See Yo/F g Y¥/¥ ot coy o b pg)l g Bigum
O ooml 9 YL ey an 4l o eyt p ()8
Sgemo 5y balp ol 53 0 (y 2 3)90 P ) Jriaogid Co pu
9V L i o]y Jawgd Copo (Rl o yidin pg)l 9 (2508
byly )0 jiwgd Caoyu hals () S5) ol oLis o pd VoY
Al ey Ly slassey Sl 5l (o6 Slgs oo SleS i



IWAA GLwal oF oyl e a6 )9l (owliods pgs 4 s \AID

@S my o oL LU ol o Sliios claassly (Y Jsis)
oebais] > Ky (VL By Al (18 p (b 3 &S ooy
SAYL ash o Slas doni j0 g Litwd 5 3890 il 4 Suis 00l
(Riaz & Chowdhry, 2003) 4,ls ;.5

=t ol me 51 (oS S ( SLBles S 5l sy g, e
Ylazsl (¥ Jois) caslis 1 giowsis obasdsn oLlS il
el oy gyl ol o asgy oYU Sy a5 Ly ool &
ool 030055 &) Lagl )3 sy sla 28Ty jgim g 032 JolS sl
bl alpl g 5y (aee (Lo i 1) Canglie oy ity
8 U o5 g losime pabos il ) 11 s (oliasdby
=y 0350 pByl cpo 43 (Shangguan et al., 2000) cuwl 4,55
sbed onpSomb g Fgd Sy cp ey (39 S b g 8,
999 LI ) 11 piogid pleandgid (L) 0 VL (pionen S
Ol ey Sl g Jiwgs e (n S 0mb b pg)l 0,
il 1y 1 s landssd oS

oYL b Pt g Nigew o) (SLidles Sl am g T
A ol 3o (7 giz) g2 I plogid leardgd LS 5o
Lo Sle dunlio gulos bl (g)ld gxe OS] plB)) oo
SHLS Sl o e L2l Cage lnS i a5 wob ol
OB bl )3 A ) 3)90 P 53 I plogid oliongid
o Il ptsgid (londsd (IS ke cieS g s S
92 p9)l 9 Ngew pB)l 4 bgye oy

oS 5 bl )3 I gt olhordsd LS talS
20y (8lyd et mdiadd diusleD olS oS cowl ol sl
500 Judg)lS loitlo ) ] cap Yloinl byl ol g syl
s 6551 Jelewl )3 oS 2Ulg el Gaw dom
oibysls Jali 8l el g oud Sis odle Wy Cup 2B y0n
el 0303 S M iniogid (olondgid oS (2alS L Jidg)lS
Sy sytog Goplil o5 Ll oS 15 3 Jles
45 Sy 0 395 Mo i 4y Sid odle Mg g Jiee jriwgid
- xe bl pas b ials sl e olS 5 Slas yialS ] s
S 5 bulps )3 1 e olewsgs ol iSls
Niari-Khamssi ) ol,ISen 5 awod gyl (i35 (olwly paiS 5

Ab o atanly o Jlosl @it g 25 s 4 (et al., 2010

Bl o me Cglds o b (glaig) Culum liee s 5l sy
e J20LS o b 4 5 S Cughy (als s & Vlazs)
S aS163 395 4w ) g claije,y Colin wlS clacél O
2 ohBen 5 bl LS| (e 53 b oo 0l Sy J315 4
Giod ol glmail Ly 3850 pAS 3 slaz 59y 2 plele]]
LinlS ol Jole (S5 155 Ly 5 6 055 s pSenst
(Saradadevi et il o (slaje, colin (il jwgd co pw
al., 2014)
o SLadlon)S 5l aw ) cuin gyl > 35 Sy (VL
il (olas] (456 )5 qyeyie p ol Jgo dio VV/E) Sguw o3,
YY) 5omb Sp slod b iomen 08y cnl )3 yid 3595 oy
2l godie 105D) (glag) colim oy 5 (o5 5o 420
o=l oS G 58 (Y Jsix) 292 oo (45 51 ey e
W) ols ials ()l mine yoboay 1) (55 Coo s (590 Al o
2 oS OB bl )3 (5,05 Gy 003 N S (100
YEIE yialS Sy sled (sdod WY il 8l U caylyis oyl
S CO, clale (ghoyn V+/F ials (gldisg,y colin gao)d
D9 ol yed Jlwgid Gy (o> V) il ol 53 9 Uy,
Aoy b 5l as ol 0oy A0 1 i 48 wiledly oyl lallas
Sy b S Caz g gy 35 Bo)b 5l 2980 olS )y
Fegbes balyd (nyi > S lrendon eyl pbosl
o byl > (Jianwu et al., 2006) do- o g5 S o
ol ety a5l Car olS by bodijg, (i (S
Aol ) 9 SS9y Sl g S (lojen il cage
ooy e ials 4 51 .(Koc et al., 2003) 546 o0 (5,25 s puo
Caglio g baly S ol 3 Gy oy Sl A )3 O
otalS L bylyd o) o Lel g b oS (15 40 olS 2y
(Heidari et al., a8l sl5 8l LacS, s 5)ls 5l §ym0 Cepo
S 09 ol glacdled 1 (gl ol s 3 5 2015)
S slod ol L9 ooyt (o g Cs pu dlaz il
S )5 b o) 5 )50 GlalS 3 S L5 48 cou
Lgw od, .(Erdem et al., 2006; Wanjura et al., 2004) ¢!
Slod (oS SaSe) Calin g ()55 g Sy cn YL L
Sy 1y aily 5, Slas o YL cpizmon w8y cpl g Ly 1y Sy



VPV cadyb g Glopmsd ()l @ln (Suielg b Gluogas p had sll (TS G5 5

Jlosl Bl y3 (LI035 51 am 59, TV 33 (5585 VLS slapial )b (B2 1 68y b sk w5 Jiliie O1 31 (e o -V Jgaa

Jaixo Gblio o @S B, 5 A 31 (st A
Table 3- Mean comparisons of the effect of interaction between irrigation regime and cultivar on some parameters related to
gas exchange at 21 days post-anthesis in temperate bread wheat cultivars under post-anthesis Water deficiency
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*Within columns and for each component, means followed by the same letters based on Duncan's Multiple Range Test are not
significantly different (P < 0.05).
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Fig. 2- The effect of post-anthesis water deficiency on photosynthesis rate of flag leaf at 7 (the beginning of grain growth:

left) and 21 days post-anthesis (mean of grain filling: right) in temperate wheat cultivars under post-anthesis Water
deficiency
Means followed by the same letters based on Duncan's Multiple Range Test are not significantly different (P < 0.05).
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Table 4- Mean comparison of interaction between irrigation regimes and cultivar on dry matter remobilization and its
parameters of temperate bread wheat cultivars under post-anthesis water deficiency
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*Within columns and for each component means followed by the same letters based on Duncan's Multiple Range Test are not
significantly different (P < 0.05).
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Introduction

Wheat (Triticum aestivum L.) is one of the most important crops in the world, which plays the greatest role in
feeding the world's population. The crop yield (such as wheat) is determined by the interaction between genetic
and environmental factors. Among environmental factors, water deficit in many agricultural areas is the major
obstacles for achieving optimal crop yield including wheat. The carbohydrates that are needed for grain growth
are provided from two sources (1) during grain filling via leaves photosynthesis (current source) and (2) excess
carbohydrates that are produced after and before anthesis and stored in the stem and then remobilized to the
growing grains during grain filling stage (storage source). The decline of photosynthetic activity is the main sign
of leaf senescence. It is generally accepted that cultivars that are able to preserve photosynthesis rate of leaves
for a longer time, also, have more grain yield. Drought stress that occurs after anthesis can significantly affect on
the power of both current and storage sources of wheat. These effects via reduction of grain filling rate and grain
filling duration can lead to the reduction of grain size and then grain yield.

Materials and methods

This research was conducted to evaluate the effect of post-anthesis water deficit on physiological
characteristics of current and storage sources and also to identify strategies for increasing grain yield of two
wheat growth types include 1) spring growth type (Sivand and Sirvan) and facultative growth type (Pishgam and
Orum). This research was applied to the research farm of Razi University. The experiment was laid out as split
plot based on randomized complete block design (RCBD) in three replications. Water deficit was conduct in two
levels (control and water deficit from anthesis till maturity) in main plot and wheat cultivars in subplot. Density
was considered 400 plants per square meter. Sowing date was at 21 October 2016. To evaluate the power of
current sources, gas exchange of leaves (photosynthesis rate, stomatal conductance, transpiration rate,
temperature, CO, concentration in sub stomatal cavity, fluorescence chlorophyll and stomatal conductance) and
also for evaluating the power of storage sources, remobilization of carbohydrates from stem to the growing
grains was measured.

Results and discussion

With respect to the results, in control and water deficit conditions, Sivand and Orum cultivars with 8435 and
5255 kg.h™ had the highest and the lowest grain yield, respectively. Application of post-anthesis water deficit
caused 36, 28, 24 and 26 percent reduction in grain yield of Sivand, Sirvan, Pishgam and Orum cultivars
respectively. In control treatment, 7 and 21 days after anthesis, Sivand and Sirvan had the highest photosynthesis
rate, transpiration rate, stomatal conductance and maximum efficiency of photosystem Il and the lowest leaf
temperature. In both times Orum cultivar had the lowest photosynthesis rate and also transpiration rate, stomatal
conductance and maximum efficiency of photosystem Il and the highest leaf temperature. Water deficit in 7 and
21 days after anthesis significantly increased leaf temperatures and significantly reduced Sub-stomatal CO,,
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stomatal conductance, transpiration rate and maximum efficiency of photosystem Il. Pishgam cultivar had the
highest remobilization in two water regimes. The Relative contribution of stem reserve in grain yield in all
evaluated cultivars was less than 30%.

Conclusion

The application of post-anthesis water deficit stress through decreasing stomatal conductance and
consequently reducing transpiration rate significantly increased leaf temperature and decreased grain yield.
Therefore, it seems that considering the ease of measuring leaf temperature in comparison with other
physiological traits examined in this study and not destroying the method of measuring it, this trait can be
considered as a very suitable indicator for investigation. Then with further study, it is possible to estimate the
grain yield loss in wheat cultivars using this indicator in environmental drought stress conditions. Application of
post-anthesis water deficit on average caused 30% reduction in grain yield in spring and facultative growth type
cultivars. Regarding to the high probability of occurrence of drought stress at the end of the growing season of
wheat in the studied area and most of Iran's agricultural areas, therefore, further studies on the recognition of the
mechanisms of coping with post-anthesis drought stress conditions and the breeding of wheat cultivars in this
regard, are necessary.

Keywords: Chlorophyll fluorescence, Leaf temperature, Photosynthesis rate, Remobilization, Transpiration
rate



