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Table 1. Analysis of variance for stem length (separated by internodes), plant height and shoot dry weight under
moisture conditions and bread wheat genotypes.

Sum of Squares Slx; s ¢ gozes

e el 2 , s
L e Caedlly b " diw b BLdb eyl
B o P ISl . =R . s el
SOV 30! : Penultimate Lower Spike Stem Plant
~ DE Peduncle length internodes length length height Shoot dry
length weight
length
T 2 22076 309.93%* 263.05%* 92.63*%  2326.26%*  150143**  1527**
Genotype
- LJ‘ .
S 1 150.39** 0.66™ 17.326™ 0.50™ 29727 32215%* 10.93**
moisture conditions
sk Bl ix S 55
*k ns ok ns *k Kk ns
Genotypex moisture 2 72.39 0.49 10.575 0.002 153.48 152.435 1451
conditions
Lo
12 30.92 8.42 63.07 20.69 117.33 83.38 9.50
Error
Sl S o8
(h3) bl e 2 4.68 4.27 7.55 10.467 371 2.72 7.90
CV (%)

KRG | LSJBL;."" r.LD BB \ 50 Jlaa| C%—w BE -)bgf."" g,.;jA.v NS ks ok

*, ** ns: Significant at 5% and 1% probability level and non-significant respectively.
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Table 3. Analysis of variance for yield and its component under moisture conditions and bread wheat genotypes.

Sum of Squares lx, s ¢ sexe

B Nerad 5T 4y i po s Shes alow o als 03y alew 53 &l slass Cils el
S.0.Vv . . .
. . Grain weight Grain No. per .
DF Yield per spike ner spike spike Harvest index
e 2 0.94** 740229.80 ** 1087.00 ** 524.20**
Genotype
- N .k;‘ B
Sk =l 1 0.13** 10600.90 ** 53.38"™ 216.27**
Moisture conditions
L&}l@ Li‘fixw'fj ns ns
ns ns
Genotypex moisture 2 0.002 1826.57 3.44 5.92
conditions
Lo
12 0.15 117814.23 162.66 205.15
Error
13) Ol s o 8
(o s) s 5 11.64 11.64 12.48 11.53

CV (%)

Ll (I3 gma oo 5 A3 ) 50 Jlez| CEM 03 I3 e S S NS sk G
*, ** ns: Significant at 5% and 1% probability level and non-significant respectively.
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Table 4. Mean comparison of yield and its component in bread wheat genotypes in each level of moisture condition.

(Ao ys) Coils 5 Lasls i 3 &ls slass (fﬁjl.f)df;aﬁ Ll O3 (¢J§)4.L,:...4J> 3 Shes
Harvest index (%) Grain No. per spike Grain weight per spike (mg) Yield per spike (g)
Sl el s Sl )
Loy S Aals Loy S Aals Loy oS Aals # Loy S dals Genotype
Reduction Stress Control  Requction  Stress  Control  Requction Stress Control Reduction  Stress Control
% % % %
25.70b 34.16b 17.33c  22.00c 545.90c 725.10b 0.61c 0.81b S
24.77 21.23 24,71 24,73 :
(b) @ @ @ (b) @ (b) @ wild Type
T- by
31.30ab  37.91b 28.66b  31.66b 729.50b 859.50b 0.82b 0.97b
17.44 9.48 15.13 15.12 67-60
(b) @ @ (@ (@ (@ @ @ T-67-60
Mutant
T-25b 5
40.12a 45.33a 37.33a 40a 1046.93a  1198.20a 1.18a 1.35a
11.49 6.68 12.62 12.62 65-7-1
(a) (a) (a) (a) (a) (a) (@ (@ T-65-7-1
Mutant

ALSD=4/10) Wl 5ls gme sl o b Ljls S ke (Sy,m) G oS oo Kl D2 8 5

(LSD=1/+0) asly oo Jhaisyse (i 53 55 5 dald Loyl 5 5 Yé}ljﬁd)b])iawﬁfjw tu\;_){:ll?g_}il.ﬁ:‘_}?.'i S il OB >

il el 4 Cand sk, 25 i s rals ass”

Means in each column followed by same letter(s) are not significantly different (LSD = 0.05).
Same letter in parentheses indicate non-significant difference between each genotype under control and stress conditions in that part

(LSD= 0.05).

*Reduction (%) due to water stress in comparison with the control condition.
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Table 5. Analysis of variance for maximum specific weight in stem and internodes under moisture conditions and

bread wheat genotypes.

Sum of Squares lx, s ¢ sexe

Maximum specific weight j;, J& Sl
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df Peduncle Penultimate Lower internodes Stem
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moisture conditions
5ob s Lyl x5
S Bl S 2 0.53™ 0.91%* 0.49™ 0.06™
Genotypex moisture conditions
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Error
3 ] 2 o
(o) s 5 3.48 1.39 2.74 1.36

CV (%)
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*, ** ns: Significant at 5% and 1% probability level and non-significant respectively.
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Figure 1. The changes of specific weight (mg cm™) in peduncle (A), penultimate (B), lower internodes (C) and stem

(D) of bread wheat genotypes.
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Table 10. Analysis of variance for pigments and leaf area index under moisture conditions and bread wheat

genotypes.
Sum of Squares —lx, s ¢ sexe
Peradien _ 5
s O(ij @lilarys A Jds ks bl ks JSTJ:J?[S S ge
0. ota : )
df Chlorophyll a  Chlorophyll b chlorophyl Carotenoid | aaf area
index
e 2 179.34™ 68.510™ 465.49" 5.80" 57.35™
Genotype
by Lol L - - -
S Bl 1 161.17 83.329 467.27 1.13™ 22.51"
moisture conditions
ek Bl xS 55
Genotypex moisture 2 7.47™ 5.51™ 18.88™ 0.46™ 2.32™
conditions
o
12 43.6 30.29 134.27 7.13 210.89
Error
3 ] 2 o
(02 2) Dbl ot 2 14.95 29.96 18.51 14.53 14.19

CV (%)
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*, ** ns: Significant at 5% and 1% probability level and non-significant respectively.
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Table 12. The correlation coefficients some traits related to remobilization of stem under stress condition.
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*, ** ns: Significant at 5% and 1% probability level and non-significant respectively.
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Figure 2. Graphical display of data using a heat map.

53 i b 3 Shes (U 5 8 sladsds ¥ ISS)
O A 53 O S EalS 5 e G5l als Ll
o b s S Ol s sl s (g
Jsdr) AL SRl a5 Silige slacnY
wls o Shas 5 G5 J& Sl 85 15 (¢
03 Bl oty Cud b A sdiasOlis 65 S SO s

(Y JS8) ol g 5 Shas

(I (5 o
Lo 3l Sl Ul il se LS (S5 ol e
ox Ll sl 8T il e alS Sllas s
5 S Slio s ale bt sdee JU
Sl s Wl e o dies elye als 3 Shes
ke bl Ll o g‘-*’f K3 S™

Loy bl elial paS Mol slaael

A

Juzl a by e Slio Jald Bdes oy 638

JUsl S sbay ol sdoms JUSl 5LlS 5 sdoms
ol RS s sdeee JLE LS 5 sdse
Sy o3 ite SAd L Bl gl Ll
Cilise Y s Slis ol ol esll Gl 3G e
S s o 5 s e o YL T-65-7-1
sl 25 s ol esdle izl 1 Ik
G T-65-7-1 ilge oV jo (g iy S L
A sladgds ¥ IS8) Al e Bl iy O
Cilse sy 5 (S 3a e 4t Yl iS4
by Sl pler 055 Sulg ol
sl il p patls o Shee sl o Shes
ol B G S Sl 5 S e
DA e lls e Sl ey i Sl

35 eSS 25 s 58 ol zalS i 5 dails



ITAT(Y) 003 s (81,5 SBLS Mgs &

S SIam) VG ey e by (rigy &l
& i T-5T-1 ilige Y 5o G 3
2L s sdows JUEsl RI5 Cely syt ey oS
b b plas Sl eslial cpl pegdle el i O
Ble b3 JUl s guds 28 Wl e Ble Jsb
B P e R B
Sl SOy S Sl sl s
>l sl (Gl sl Sle 5 Sl
Jos e G5 il 53 (55 3l e s JUES
Y o S cl i Ol pl S daler

A3 S aa=Se Laseie T-65-7-1 iU 40

L5l g5 Sl oS U5 Gl ol
O\ bole Slez Sl 5b Blas sazee JUisl aul 3 s
Ao G ekl sl il 5 sl
Ol (F Ope Opb s ol (V) S A
(¢ 5 Kot 23 590 5l Ghe le 55 laae s
Bl Jeb oy cu bl eslimal s ol
05 (S i sl e (Bl Cilises glae KoL)
S ol Sl @y 4 e Al 04D W e
5 Gt 5 3l ge sdome Jlisl S O s s
S 3l sds Cibge slacpY s Gl 4 Ll

Q)'} 9 A-L-\-\.aﬁl B &l b\.l&';) szk—’ QJ.>=A C)Ju\g )<-LJ

9.

&l
Bahrani, A., and Tahmasebi Sarvestani, Z. 2007. Effect of Rate and Times of Nitrogen
Application on Accumulation and Remobilization Efficiency of Flag Leaf in Two Wheat
Cultivars. J., Sci. Technol. Agric. Nat. Resour., 11: 147-155. (In Persian)
Bazargani, M.M., Hajirezaei, M.-R., Salekdeh, G.H., Bushehri, A.-A.S., Falahati-Anbaran,
M., Moradi, F., Naghavi, M.-R., and Ehdaie, B. 2012. A view on the role of metabolites in
enhanced stem reserves remobilization in wheat under drought during grain filling. Aust J.
Crop Sci., 6: 1613.
Bazargani, M.M., Sarhadi, E., Bushehri, A.-A.S., Matros, A., Mock, H.-P., Naghavi, M.-R.,
Hajihoseini, V., Mardi, M., Hajirezaei, M.-R., and Moradi, F. 2011. A proteomics view on
the role of drought-induced senescence and oxidative stress defense in enhanced stem
reserves remobilization in wheat. J. Proteomics., 74: 1959-1973.

. Blum, A. 1998. Improving wheat grain filling under stress by stem reserve mobilisation.

Euphytica., 100: 77-83.

Blum, A., Sinmena, B., Mayer, J., Golan, G., and Shpiler, L. 1994. Stem reserve
mobilisation supports wheat-grain filling under heat stress. Funct. Plant Biol., 21: 771-781.
Bonnett, G., and Incoll, L. 1993. Effects on the stem of winter barley of manipulating the
source and sink during grain-filling Il. Changes in the composition of water-soluble
carbohydrates of internodes. J. Exp. Bot., 44: 83-91.

Borrell, A.K., Incoll, L., and Dalling, M.J. 1993. The influence of the Rhtl and Rht2 alleles
on the deposition and use of stem reserves in wheat. Ann. Bot., 71: 317-326.

Borrell, A.K., Incoll, L., Simpson, R.J., and Dalling, M.J. 1989. Partitioning of dry matter
and the deposition and use of stem reserves in a semi-dwarf wheat crop. Ann. Bot., 63: 527-
539.

Boyer, J. 1970. Leaf enlargement and metabolic rates in corn, soybean, and sunflower at
various leaf water potentials. Plant Physiol., 46: 233-235.

10.Davidson, D., and Chevalier, P. 1992. Storage and remobilization of water-soluble

carbohydrates in stems of spring wheat. Crop Sci., 32: 186-190.

11.De Vita, P., Nicosia, O.L.D., Nigro, F., Platani, C., Riefolo, C., Di Fonzo, N., Cattivelli, L.

2007. Breeding progress in morpho-physiological, agronomical and qualitative traits of
durum wheat cultivars released in Italy during the 20th century. Eur. J. Agron., 26: 39-53.

12.Ehdaie, B., Alloush, G., Madore, M., and Waines, J. 2006. Genotypic variation for stem

reserves and mobilization in wheat: I. postanthesis changes in internode dry matter. Crop
Sci., 46: 735-747.

a4



OS2 9 LS (5,3l s

13.Ehdaie, B., Alloush, G., and Waines, J. 2008. Genotypic variation in linear rate of grain
growth and contribution of stem reserves to grain yield in wheat. Field Crops Res., 106: 34-
43.

14.FAO; Food and Agriculture Organization. (2006) National strategy and action plan on
drought preparedness, management and mitigation in the agricultural sector: Iran. Terminal
statement prepared for the government of the Islamic Republic of Iran by the food and
agriculture organization of the United Nations. Cairo, Egypt, P/JOR/3001.

15.Gent, M.P. 1994. Photosynthate reserves during grain filling in winter wheat. Agron. J., 86:
159-167.

16.Gupta, A.K., Kaur, K., and Kaur, N. 2011. Stem reserve mobilization and sink activity in
wheat under drought conditions. Am. J. Plant Sci., 2: 70-77.

17.Hortensteiner, S., and Feller, U. 2002. Nitrogen metabolism and remobilization during
senescence. J. Exp. Bot., 53: 927-937.

18.Jafarnezhad, A., Aghaie, H., and Najafian, G. 2013. Effective traits on grain yield of wheat
genotypes under optimal irrigation and drought stress during reproductive phase. J. Appl.
Crop Breed., 1: 1.11-22. (In Persian)

19.Jaleel, C.A., Manivannan, P., Kishorekumar, A., Sankar, B., Gopi, R., Somasundaram, R.,
and Panneerselvam, R. 2007. Alterations in osmoregulation, antioxidant enzymes and indole
alkaloid levels in Catharanthus roseus exposed to water deficit. Colloids Surf B., 59: 150-
157.

20.Joudi, M., Ahmadi, A., Mohamadi, V., Abbasi, A., Vergauwen, R., Mohammadi, H., and
Van den Ende, W. 2012. Comparison of fructan dynamics in two wheat cultivars with
different capacities of accumulation and remobilization under drought stress. Physiol Plant.,
144 1-12.

21.Lichtenthaler, H.K. 1987. Chlorophyll fluorescence signatures of leaves during the autumnal
chlorophyll breakdown. J. Plant Physiol., 131: 101-110.

22.Lin, K.-C., Jwo, W.-S., Chandrika, N., Wu, T.-M., Lai, M.-H., Wang, C.-S., and Hong, C.-Y.
2016. A rice mutant defective in antioxidant-defense system and sodium homeostasis
possesses increased sensitivity to salt stress. Bio., Plant., 60: 86-94.

23.Maghsoudi, M.A., and Islami, M. 2011. The effect of water stress on remobilization of pre-
anthesis stored assimilates to grains in wheat. J. Plant Physiol. Breed., 1: 25-38.

24.Mojtabaie Zamani, M., Nabipour, M., and Meskarbashee, M. 2013. Evaluation of stem
soluble carbohydrate accumulation and remobilization in spring bread wheat genotypes
under terminal heat stress conditions in Ahwaz in Iran. Iran J. Crop Sci., 15: 3.277-294. (In
Persian)

25.Nie, G., Long, S., Garcia, R., Kimball, B., Lamorte, R., Pinter, P., Wall, G., and Webber, A.
1995. Effects of free-air CO2 enrichment on the development of the photosynthetic
apparatus in wheat, as indicated by changes in leaf proteins. Plant Cell Environ., 18: 855-
864.

26.Plaut, Z., Butow, B., Blumenthal, C., and Wrigley, C. 2004. Transport of dry matter into
developing wheat kernels and its contribution to grain yield under post-anthesis water deficit
and elevated temperature. Field Crop Res., 86: 185-198.

27.Prochazkova, D., Sairam, R., Srivastava, G., and Singh, D. 2001. Oxidative stress and
antioxidant activity as the basis of senescence in maize leaves. Plant Sci., 161: 765-771.

28.Rajaram, S., Braun, H.-J., and Van Ginkel, M. 1996. CIMMYT's approach to breed for
drought tolerance. Euphytica., 92: 147-153.

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

30.Rezaei Morad Aali, M., Eivazi, A.R., Mohammadi, S., and Shir-Alizadeh, Sh. 2013. Effect
of drought stress on dry matter remobilization and grain yield of winter bread wheat
genotypes. Iran J. Crop Sci., 15: 3.262-276. (In Persian)

31.Saeidi, M., and Moradi, F. 2011. Effect of post-anthesis water stress on remobilization of
soluble carbohydrates from peduncle and penultimate internodes to the developing grains of
two bread wheat cultivars. Iran J. Crop Sci., 13: 3.548-564. (In Persian)

Yoo



ITAT(Y) 003 s (81,5 SBLS Mgs &

32.Scofield, G.N., Ruuska, S.A., Aoki, N., Lewis, D.C., Tabe, L.M., and Jenkins, C.L. 2009.
Starch storage in the stems of wheat plants: localization and temporal changes. Ann. Bot.,
103: 859-868.

33.Sharbatkhari, M., Galeshi, S., Sadat Shobbar, Z., Soltani, A., and Nakhoda, B. 2013.
Evaluation of physiological traits related to wheat stem reserve remobilization under
terminal salinity. Electron. J. Crop Prod., 7: 1.25-44. (In Persian)

34.Sharma-Natu, P., and Ghildiyal, M. 2005. Potential targets for improving photosynthesis and
crop yield. Curr. Sci., 88: 1918-1928.

35.Singh, N., and Balyan, H. 2009. Induced mutations in bread wheat (Triticum aestivum L.)
CV.” Kharchia 65” for reduced plant height and improve grain quality traits. Adv. Biol. Res.,
3:215-221.

36.Spano, G., Di Fonzo, N., Perrotta, C., Platani, C., Ronga, G., Lawlor, D., Napier, J., and
Shewry, P. 2003. Physiological characterization of ‘stay green’mutants in durum wheat. J.
Exp. Bot., 54: 1415-1420.

37.Tahir, 1., and Nakata, N. 2005. Remobilization of nitrogen and carbohydrate from stems of
bread wheat in response to heat stress during grain filling. J. Agron. Crop. Sci., 191: 106-
115.

38.Thomas, H., Ougham, H., Canter, P., and Donnison, I. 2002. What stay-green mutants tell us
about nitrogen remobilization in leaf senescence. J. Exp. Bot., 53: 801-808.

39.Trethowan, R., and Mujeeb-Kazi, A. 2008. Novel germplasm resources for improving
environmental stress tolerance of hexaploid wheat. Crop Sci., 48: 1255-1265.

40.Tuberosa, R., and Salvi, S. 2006. Genomics-based approaches to improve drought tolerance
of crops. Trends Plant Sci., 11: 405-412.

41.Wardlaw, 1., and Willenbrink, J. 2000. Mobilization of fructan reserves and changes in
enzyme activities in wheat stems correlate with water stress during kernel filling. New
Phytol., 148: 413-422.

42 Wardlaw, I.F., and Willenbrink, J. 1994. Carbohydrate storage and mobilisation by the culm
of wheat between heading and grain maturity: the relation to sucrose synthase and sucrose-
phosphate synthase. Funct. Plant Biol., 21: 255-271.

43.Wei, W., Bilshorrow, P.E., Hooley, P., Fincham, D.A., Lombi, E., and Forster, B.P. 2003.
Salinity induced differences in growth, ion distribution and partitioning in barley between
the cultivar Maythorpe and its derived mutant Golden Promise. Plant Soil., 250: 183-191.

44 Wingler, A., Quick, W., Bungard, R., Bailey, K., Lea, P., and Leegood, R. 1999. The role of
photorespiration during drought stress: an analysis utilizing barley mutants with reduced
activities of photorespiratory enzymes. Plant Cell Environ., 22: 361-373.

45.Xu, S., Chu, C., Harris, M., and Williams, C. 2010. Comparative analysis of genetic
background in eight near-isogenic wheat lines with different H genes conferring resistance to
Hessian fly. Genome., 54: 81-89.

46.Yang, J., and Zhang, J. 2006. Grain filling of cereals under soil drying. New Phytol., 169:
223-236.

47.Yang, J., Zhang, J., Huang, Z., Zhu, Q., and Wang, L. 2000. Remobilization of carbon
reserves is improved by controlled soil-drying during grain filling of wheat. Crop Sci., 40:
1645-1655.

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

49.Zadoks, J.C., Chang, T.T., and Konzak, C.F. 1974. A decimal code for the growth stages of
cereals. Weed Res., 14: 415-421.

(RS






