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Table 1. Mean comparison of effect of Genotype x Drought stress on grain yield, biomass, harvest index, 1000 grain weight in Marvdasht and Zagros wheat cultivars

in drought stress treatments

4ls 3 Sles 035 Con ) 3 Shas (do)s) csls ez la als im0y Al ys @l sluws
Grain yield (giplant™) Biomass (g.plant™) Harvest Index 1000 grainl weight (g) Grain.spike™
S e S0 Sy S0 S e 50 Sy 50 Cbng e 50

Treatments wbiT gb,ls  Marvdasht  Zagros® Marvdasht  Zagros  Marvdasht  Zagros = Marvdasht Zagros Marvdasht  Zagros
Control dals 226a 1.56b 358a 2.85b 63.0a 55.6a 423 a 40.0 a 56.4a 36.9d
Drought stress at cell division St S Ay 53 AT 0.99d 1.24c¢ 2.38 de 2.65¢ 41.7 cd 50.6 b 2l.1¢ 39.0a 47.1c 319¢
Drought stress at grain filling Gl 9l Al e 3 S 0.86 ¢ 1.09d 2.23¢ 243d 38.8d 44.6 ¢ 16.1d 319b 535D 340¢
Percent reduction compare to control  wals 4 Cuus J2alS Aoy
At cell division stage S s a5 57.4 14.1 335 7.02 33.8 15.1 50.1 2.5 16.5 13.6
At grain filling stage Gl Ous Al e 5o 61.9 30.1 37.7 14.7 38.4 25.2 61.9 20.3 5.14 7.8

L s al3 me a3lis LSD) 5037 ol ckitas 57 2en g o (5115 48 oo S0ln 2 2 o

Means in each column followed by similar letter(s) are not significantly different using LSD test
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Fig. 1. Flag leaf photosynthesis rate and stomatal conductance of Zagros and Mardasht wheat cultivars,

A: control, B: drought stress since flowering to 14 days after, and C: since 14 days after flowering till

maturity. I: Indicating LSD value at 0=0.05
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Table 2. Mean comparison of effect of Genotype % Drought stress Chlorophyll a and b, soluble proteins, photosynthesis, stomatal conductance and relative water

content (RWC).in Marvdasht and Zagros wheat cultivars in drought stress treatments

Jossa Jbsi5b loe o555 e 5 Glaja, uls
r.\f 85 Chla Chl b Soluble proteins Photosynthesis Stomatal conductance e i sby (e

Wheat Genotype Treatment bl sl sl (mg.g”" fwt) (mg.g”" fwt) (mg.g”' fwt) (um CO, m?s™) (mol H,0.m™2.s™) RWC (%)
Control dals 2.08a 0.64 a 8.40 a 150a 0.13 a 84.5a

Zagros ~~1;  Drought stress at cell division — Jjlu s alo o 53 25 1.95a 0.61a 7.10b 937c¢ 0.09b 74.0b
Drought stress at grain filling 613 Gy dlom e 3 S 1.67 b 0.51b 6.65 be 10.6 b 0.09b 55.6¢

Control aals 1.74 b 0.55 ab 6.10 c 10.7b 0.08 ¢ 82.8 a

Marvdasht <55,  Drought stress at cell division ke pous al> 0 55 25 1.19¢ 0.36 ¢ 5.26 d 6.36d 0.05d 525¢
Drought stress at grain filling s Okd Al e 43 S 1.31¢ 0.40 ¢ 5.03d 6.08 d 0.05d 39.9d

Means in each column followed by similar letter(s) are not significantly different using LSD test. I (s s gad gl LSD 0 ga3T Solol s iz oS 2te Cog o ghols 457 ola ks O i a5
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Fig. 2. Chlorophyll a and b,-and soluble proteins of Zagros and Marvdasht wheat cultivars, A: control,

B: drought stress since flowering to 14 days after, and C: since 14 days after flowering till maturity. I:

Indicating LSD value at 0=0.05.
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Fig. 3. Relative water content of Zagros and Marvdasht wheat cultivars, A: control, B: drought stress scince flowering

to 14 days after, and C: since 14 days after flowering till maturity. I: Indicating LSD value at a=0.05.
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Fig. 4. IAA and ABA concentration of Zagros and Marvdasht wheat cultivars, A: control, B: drought stress since

flowering to 14 days after, and C: since 14 days after flowering till maturity. I: Indicating LSD value at a=0.05.

0


www.SID.ir

o &S Gl ials Ol ¢ s se cpl Al 5o 5
38T (Sl o o e s (S
b bl 53 6 T el O s o0 £
o alS o b S g asl 158 gyl e
u\;ugit_@_;.\_&,du&%_?y‘sl}l_ﬁmﬁ
Al 2ol 58 aS Sl am g b b= e Dsd g
DUl 5T 3 K5 el iy el o 5 €5 ]
L als 4 s édlu 3 Jsloes slacsljdn 5 S suee
Sk e el ml 53 LT Sl 5 s el
2513 e (s o S L B8 s
S T Ayl ol 3l Eol Sast 55 550
LS sy o Sgline 3L 53 (Jy s oL s
ity

ol — .‘ﬁé S i <

ol an

Ol e 22LS 3 0T S S s FolE ¢y
GRS b S et b 5 5 LB A4S
G5 H5m 055 e &> Ol 093 EalS ( Ss
).au_i_.i;'ui.:_? Wl 03 5 al s ailssliag
S T el Ol 2531 o s> Al o
e ol > (S B A ks oS o
NV W S I PG TN SR R S
)Jﬁ)aanwlo\}fﬁ\plap&ﬂT
th\;\,uw;\j‘}wvﬁ,bp‘vﬁ,
SN ds jabin pummes A8 ulS A5
Cslln do 530S QoS L o b (g
awlS i S0 G ool sl U o el e
LGN RPN ORI FUNE- 2 B PENE ANV
e (ol o)) 53 05 5) OT (e LS
))..LEAL;:L;QJB‘QQA?)'L_ Ol s 4a KT
33 9 3ls c.»li ujw}"” A{Uiil.a)'T o) g el g
O b g ol 7 5 kae (605 DYl o Jls (e
el e Ll g5 oo 4 td 23ldE Ll

il 5aS 0 Ky s Sladss aelsl gl

O

)a&ﬂT.L:.»\éYl{s;ﬁLbdiuQ\;lv.'o)&
Cs o SoblS (g0 aS Sl Uiy adgl >l s
(gl ad> 0) i) = 55 slaasls G!}.Lal v.:MES
©3dnze sla i, S «(Liang et al., 1996) 55d o0
=l Olme il 58l das e OLS aS7 W15 59
(rjz ad> 0) asls OLd 5 > o (gldl 53 O gey 9
>)l>¢ﬁu\>ouﬁr,m)>6wgu
33 K T Al 8L sl (Bai et al., 1989)
Lg))ﬂ((_p adge) als O o ad> e lul
33 45l s mime O35 el 331 Eels (,.ufu‘cﬁ
(Saeidicet al., 2006) i dali jLes L awlis
Sl Cx e gl Al e 5y Sis 55 Jlesd
95 i,y s s glaals ¢S5 T ol Ol jae
S T sl Ol e 25 wdy Sl dms 5 b 3
bl S gyl e )}LQV.S) 35 o slagls
e 055 SLaails &G T sl ol 31 Ol e
=50 3l ol skl ol 5s Sl
@)4—7@&4—78)}‘4&&3‘%%&;“;‘}
L ol palS LT Glals ¢Sl dwl O e
Sl Glidles , § 5l dm ja, V) 48 glas S
Yozl g5 5o ol ki 0> 6T (5513 sons
o T JUsl 5 badsy 5o 0T Cale gals s o
OT LS o Ol by dim o (ol 03 50 1S
03 (S i Jlaslis)ls (5 b G 4 5L
Lol Ol Sla e Aol 30) o 50 cp s ad> o
Y )AV_SJJAJ_AMJJbJALgudbeQ_}M{T
gl Lal edys 8 Slsdles, € 51 a5,
93 &S5 T sl Ol a3 51 0651 o (6515 ins
S oy dl> e ol
S s T sl O e 31 487 sy o oS
Sty LS Eel ls iy gl el e o
oj_;ﬁo,'m\dmfj@ﬂ}.uh;ud,bmi:
(Liang et al., 1996) o1, San 5 KU . Conl o


www.SID.ir

VAR Olens s oF o 5lacd cpns g Al Ol )5 psle Al

References odldiul 3590 b

Ahmadi, A. and D. A. Baker. 1998. Stomatal and non stomatal photosynthesis limitation factors on wheat
under drought condition. J. Iran. Agric. Sci. 31: 813-825. (In Persian with English abstract).

Alberte, R. S. and J. P. Throner. 1977. Water stress effects on the content and organization of chlorophyll in
mesophyll and bundle sheath chloroplasts of maize. Plant Physiol. 59: 351-353.

Arnon, D. 1.1975. Physiological Principles of Dryland Crop Production. /n, Physiological aspects of dryland
farming. U. S. Gupta (Eds), Oxford Press.

Artemios, M. B. and G. Kofidis. 2002. Comparative effects of drought stress on leaf anatomy of two olive
cultivars. Plant Sci. 163: 375-379.

Ashraf, M. Y., A. R. Azim, A. H. Khan and S. A. Ala. 1994. Effect of water stress on total phenols, peroxidase
activity and chlorophyll content in wheat (7riticim aestivum L.). Acta Physiol. Plant. 16: 185-191.

Bai, X. F., Y. P. Cai and F. Nie. 1989. Relationship between abscisic acid and grainfilling of rice and wheat.
Physiol Commun. 3: 40-41.

Blum, A. and A. Ebercon. 1976. Genotypic responses in sorghum to-drought stress. III. Free proline
accumulation and drought resistance. Crop Sci. 16: 428-431.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal. Bioch. 72: 248-254.

Brenner, M. L. and N. Cheikh. 1995. The role of hormones in photosynthate partitioning and seed filling. /n,
Plant Hormones. P. J. Davies (Eds), Kluwer. Academic Publishers, The Netherlands. pp. 649-670.

Brevedan, R. E. and D. B. Egli. 2003. Short periods of water stress during seed filling, leaf senescence, and
yield of soybean. Crop Sci. 43: 2083-2088.

Chaves, M. M., J. S. Pereira, J. Maroco, M. L. Rodrigues, C. P. Ricardo, M. L. Osorio, I. Carvalho, T.
Faria and C. Pinheiro. 2002: How plants cope with water stress in the field. Photosynthesis and growth.
Ann Bot. 8§9: 907-916.

Davies, P. J. 1995. Plant hormone. Physiology, biochemistry and molecular biology. Dordrecht, Kluwer
Academic Publishers.

Ehdaie, B., G: A. Alloush, M. A. Madore and J. G. Waines. 2006. Genotypic variation for stem reserves and
mobilization in wheat: 1. postanthesis changes in internode dry matter. Crop Sci. 46: 735-746.

Gan, S. and R. M. Amasino. 1997. Making sense of senescence: molecular genetics regulation and
manipulation of leaf senescence. Plant Physiol. 113: 313-319.

Kelen, M., E. Cubukdem-Iralay, S. Sen and G. Ozkan. 2004. Separation of abscisic acid, indole-3-acetic acid,
gibberellic acid in 99R (Vitis berlandieri x Vitis rupestris) and rose Oil (Rosa damascena Mill.) by reversed
phase liquid chromatography. Turk. J. Chem. 28: 603-610.

Lal, A. and G. E. Edwards. 1996. Analysis of inhibition of photosynthesis under water stress in the C, species
Amaranthus cruentus and Zea mays: electron transport, CO, fixation and carboxylation capacity. Aust. J.
Plant Physiol. 23:403-412.

Liang, J., J. Zhang and M. H. Wong. 1997. Can stomatal closure caused by xylem ABA explain the inhibition
of leaf photosynthesis under soil drying? Photosynthesis Res. 51: 149-159.

Y0


www.SID.ir

Liang, J. S., X. Z. Cao and Q. S. Zhu. 1996. Abscisic acid may involve in the regulation of grain filling in
water stressed rice. Chinese J. Rice Sci. 10: 29-36.

Liang, Z., F. Zhang, M. Shao and J. Zhang. 2002. The relations of stomatal conuctance, water consumption,
growth rate to leaf water potential during soil drying and rewatering cycle of wheat (Triticum aestivum L.).
Botanical Bulletin of Academia Sinica. 43: 187-192.

Liu, H. P., B. H. Dong, Y. Y. Zhang, Z. P. Liu and Y. L. Liu. 2004. Relationship between osmotic stress and
the levels of free, conjugated and bound polyamines in leaves of wheat seedlings. Plant Sci. 166: 1261-1267.

Liu, L. and H. Stutzel. 2002. Biomass partitioning, specific leaf area and water use efficiency of vegetable
amaranth (Amaranthus spp.) in response to drought stress. Sci. Hortic. 102: 15-27.

Majumdar, S., S. Ghosh, B. R. Glick and E. B. Dumbroff. 1991. Activities of chlorophylase,
phosphoenolpyrovate carboxylase and ribulose-1,5-bisphosphate carboxylase in the primary leaves of
soybean during senescence and drought. Physiol. Plant. 81: 473-480.

Mitchell, R. A., V. J. Mitchell and D. W. Lawlor. 2001. Response of wheat canopy CO, and water gas-
exchange to soil water content under ambient and elevated CO,. Glob. Change Biol. 7: 599-611.

Reddy, A. R., K. V. Chaitany and M. Vivekanandan. 2004. Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. J. Plant Physiol. 161: 1189-1202.

Rodriguez, D. J., J. Romero-Garcia , R. Rodriguez-Garcia and J. A. L. Sanchez. 2002. Characterization of
proteins from sunflower leaves and seeds: Relationship of biomass and seed yield. Trends New Crops New
Use. 1:143-149.

Royo, C., M. Abaza, R. Blanco and L. F. Garc’1a del Moral. 2000. Triticale grain growth and morphometry
as affected by drought stress, late sowing and simulated drought stress. Aust. J. Plant Physiol. 27: 1051-1059.

Saeidi, M., F. Moradi, A. Ahmadi, K. Poostini and G. Najafian. 2006. Effect of exogenous application of
ABA and CK at different stage of grain development on some physiological aspects of source and sink
relationship in two bread wheat cultivars. Iran. J. Crop Sci. 8: 268-282. (In Persian with English abstract).

Valladares, F. and R. W. Pearcy.1997. Interactions between water stress, sun-shade acclimation, heat tolerance
and photoinhibition in the Sclerophyll heteromeles arbutifolia. Plant Cell Environ. 20: 25-36.

Wang, R. Y., Z. W. Yu and Q. M. Pan. 1999. Changes of endogenous plant hormone contents during grain
development in wheat. Acta Agron. Sinica. 25: 227-231.

Xie, Z., D. Jiang, W. Cao, T. Dai and Q. Jing. 2003. Relationships of endogenous plant hormones to
accumulation of grain protein and starch in winter wheat under different postanthesis soil water stress. Plant
Growth Regul. 41: 117-127.

Xie, Z., D. Jiang, T. Dai and W. Cao. 2004. Effect of exogenous ABA and cytokinin on leaf photosynthesis
and grain protein accumulation in wheat ears cultured in vitro. Plant Growth Regul. 44: 25-32.

Yang, J., J. Zhang, Z. Huang, Z. Wang, Q. Zhu and L. Liu. 2002. Correlation of cytokinin levels in the
endosperms and roots with cell number and cell division activity during endosperm development in rice.
Ann. Bot. 90: 369-377.

Yang, J., J. Zhang, Z. Huang, Q. Zhu and L. Wang. 2000. Remobilization of carbon reserves is improved by

Y5


www.SID.ir

VAR Olens s oF o 5lacd cpns g Al Ol )5 psle Al

controlled soil-drying during grain filling of wheat. Crop Sci. 40: 1645-1655.

Yang, J., J. Zhang, Z. Wang and Q. Zhu. 2003. Hormones in the grains in relation to sink strength and
postanthesis development of spikelets in rice. Plant Growth Regul. 41: 185-195.

Yang, J., J. Zhang, Z. Wang, Q. Zhu and L. Liu. 2004. Activities of fructan- and sucrouse-metabolizing
enzymes in wheat stems subjected to water stress during grain filling. Planta. 220: 331-343.

Zhang, K. and P. C. L. John. 2005. Raised level of cyclin dependent kinase A after prolonged suspension
culture of Nicotiana plumbaginifolia is associated with more rapid growth and division, diminished
cytoskeleton and lost capacity for regeneration: implications for instability of cultured plant cells. Plant Cell

Tissue and Organ Culture. 82: 295-308.

%


www.SID.ir

"o jJ"“}LSLG:“‘ §;.u:‘5;‘vl

The effects of terminal water stress on physiological cahractersitics and sink-

source relations in two bread wheat (7Triticum aestivum L.) cultivars
M. Saeidi', F. Moradi’, A. Ahmadi’, R. Spehri*, G. Najafian® and A. Shabani®

ABSTRACT
M. Saeidi, F. Moradi, A. Ahmadi, R. Spehri, G. Najafian and A. Shabani. 2010. The effects of terminal water stress on
physiological characteristics and sink- source relations in two bread wheat (Triticum aestivum L.) cultivars. Iranian Journal

of Crop Sciences. 12 (4) 392-408. (In Persian)

In arid and semi arid areas as Iran water stress at different grain growth. stages is one of the major
concerns for wheat production. This research was conducted to evaluate the effects of two levels of
water stress (at cell division and grain filling stages) on_some  physiological and biochemical
characteristicss related to the sink-source relationship of two. bread wheat cultivars (Marvdasht and
Zagrose; sensitive and resistant to post-anthesis water stress, -respectively). A factorial experiment
based on randomized complete block design with three replications was used in greenhouse
conditions. The treatments were two levels of water stress including (1) water stress (50% of FC)
during fist 14 days following anthesis and re-watering. (stage 1) and (2) water stress from 14 days
after anthesis to physiological maturity (stage 2) /and (3) control (the water status maintained at FC).
In control treatment grain yield, biomass, 1000. grains weight and number of grains.spike” in
Marvdasht was significantly greater than Zagrose. Water stress levels significantly reduced all traits
in both cultivars, with greater effect on Marvdasht. Effect of wtare stress in stage 2 was more severe
than in stage 1. Water stress significantly reduced photosynthesis rate, stomatal conductance,
chlorophyll @ and b and soluble protein content in flag leaves of both cultivars. However,
concentrations were higher in the flag leaf of Zagrose. The highest concentrations of IAA and ABA
were observed in stage 1 'and early stage 2, respectively. Water stress in grain filling stage
significantly increased ABA in the grains of either cultivars. Based on these results, water stress
during stage 2 had .more effect on grain yield. Water stress during cell division (stage 1) with
increased ABA and reduction IAA content might reduced cell division, while during grain filling
(stage 2) incteasing ABA. content reduced enzyme activity and duration of grain filling, hence grain

yield decreased. .

Keywords: Abscisic Acid (ABA), Cell division, Grain filling, Indole Acetic Acid (IAA), Photosynthesis,
Water stress and Wheat
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