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Table 1- Physicochemical characteristics of the experimental soil (depth of 0—60 cm)

Sbodl ke o H o EC O s Cash,
Soil texture ~ Silt (%) Clay (%) Sand (%) (dS/m)  o.C.(%) N (%) Moisture (%)
9 34 22 44 7 4.1 0.74 0.07 7.3
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Figure 1- Precipitation from planting to sampling
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Figure 2- Water soil curve
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Table 2- Analysis of variance (MS) of studied traits of bread wheat in field

Ol s o ol ax o S50 0m 0, Slos &l o Slas cnls y el
S.0.V. DF Biological yield Grain yield Harvest index
< o e -
* 6 1058 913.9 5.09
Block
o 7 1318 ™ 1342 14.43™
Stress
"’3.’ 1 7652 7017 ™ 1052.25 **
Cultivar
0% A 7 4882 ™ 1345* 437
Cultivar x Stress
s
90 12.6 70.1 0.28
Error

o0 Sy sy Jleil malas ol ge BB g o siee BV 0429 pae o 4y sk g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 3- Mean comparison of effect of stress and cultivar on studied traits of bread wheat in field

e NE) Syiglom o ,Shec als 5 Shes csls p asls
Treatment Cultivars Biological yield Grain yield Harvest index
N-87-20 17648 b 6443 cd 36.8d
Gonbad 18258 a 7331la 40.1a
Morvarid 17216 ¢ 6470 bc 38.1c
Irrigated N-91-8 16838 d 6559 b 39.1b
Koohdash 15810 ¢ 5575 ¢ 34.7¢€
Karim 15836 f 5874 ¢ 36.8d
Qabus 16030 e 5881 e 36.7d
Aftab 15564 h 5767 ef 37.2d
N-87-20 15808 b 4653 ¢ 28.8¢
Gonbad 16539 a 4841 c 29.1e
Morvarid 15547 ¢ 4743 b 31.0d
No Irrigated N-91-8 14929 ¢ 4677 c 31.2d
Koohdash 14575 f 4740 b 33.3b
Karim 14430 ¢ 4733 b 33.1b
Qabus 15152d 4844 a 32.1c
Aftab 13849 h 4826 a 35.1a
S b sl sime DS so oty Jlnol o 10 LSD (g0l lislr catialy oo S yitio By glfs (5t o0 50 45 o Sils
MR

Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD
Test).


http://arpe.gonbad.ac.ir/article-1-359-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-12-15 ]

A bl 3l ol lowd i 0,53 | AL (555192387 59,8 i 4yt

Slasisn 4 03,9 Slge JUil 5Ll G bulps o )l Jrmgid o] &5 4 g e e alS Yoz
et al., 2013) |,5e0 3 Slog alal, pod ;o .ol ools rals 1) ails o,Slee Colys o g ol calises
St ey e yn Sl sed Sy b 838 (el | St 5 olas, o win S 5155 (Budak
Le uu.ﬂ} 5o o)il.o.c ol )L.\M aS Sl ouds u,u)‘)f OypiTro QBMGA 0l s.\.o.ly L_SLCM\J‘O )9 wm155 j).:
Moemeni ) aiy, g a8le o, oS Jie else 9 (DeNCIC, 2000) atils pois o8, a4 (K Sl i
oS ol i yo (Passioura, 1988) 5y e axly 1o ool aisle (5 yiwgid dlse 2alS L 4 (et al., 2008
Digds Dguzme 8 Slae il LYo 5l ailes o S
¥ Jsaz 50 ilel s g @olel Ll j0 ol Sojglan o Shoe 0 iiml 5 (VL 1S Sglam o Shas
Lylys 5o g 05 ,bSe )0 0 SolS VPO gLl lulid jo o8yl Sosalas o Slae (Kb el o0 41|
Lulys )0 Joio 5 (b o)) )3 sy LS 30 £,ToLS VOV Y &y (alS ao )0 & vga b gLl e
Sliglejl ;o sl Cowsds bl b as cusls zals aoyo A gV i 6)lol bl 4 cod 550 g
SG 5o ks oolel g g solol Ll pi Ml aS -] 51 cwsls callae (Ma et al., 2013) ) Koo 4 L
Lalyd 59 m Suislon o Slos 3 puSaiizr S pas g Gladles 5 sal> po 5l Gy o 0T )kl 4y
S0 oo sl 1y ails o Slee b SG5gdgm o Slae gabayl, ¥ SS 09y (cmion BB Joswie g (wla sB51 5o
DS oomlie (6 i w20 Loyl 0 Lol scdl alidl als o Shae Sosglem 0,5hee ildl b o Lol bl i yo
Syl il o, Sles (6,50 aBlianwsgi olgr plail puo Iyl il o vy o Hhas 4

8000 6000
]

%\ 7000 - -
g g8 5000 - —— —
% 6000 ._'_r— . as- gL 8- -
5 5000 4000
S 4000 3000
T
a y=0.5366x-2692.3 _— _ ;
L1000 _ sl kil 3 1000 y=-0.0027x+4800.5 bl 05 Ll 2
R Sl - R*= 00013 e

0
1500015500 16000 16500 17000 1750018000 18500 13500 14000 14500 15000 15500 16000 16500 17000
(kg.h-1) biological yield 5 50 s Shes (kg.h-1) biological yield .5 50 » Shes

ac 50 40 aly o Slae U So5edam o ,Slas (galal ) -¥ s

Figure 3- Relationship between grain and biological yield
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Table 4- Analysis of variance (MS) of studied traits of bread wheat in green house

Ol petd 2o <$°‘}T 4o ady) Job Ay ) SES (459 s ) o>
S.0.V. DF Root length Root dry matter Root volume
Ky x .
* 3 248.6 0.063 0.56 ™
Block
o= 3 849.4 ™ 0.470 ** 3452
Stress
03.) 7 673.2" 1.380 " 21.25™
Cultivar
o 21 290.6 ** 0.200 ** 2.96 ™
Cultivar x Stress
> 93 37.74 0.024 0.48
Error

o0 S sl Jleiml zolaw o ls e BB g lo siee BT 0429 pue (o iy ik g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability,
respectively.
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Table 5- Mean comparison of effect of stress and cultivar on studied traits of bread wheat in green
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house
oS e8| ady) Job Ay, S ()59 o, e
Stress Cultivars Root length Root dry matter Root volume
N-87-20 125.2 abc 21a 12.2a
Gonbad 116 ¢ 1l2c 75¢cd
Morvarid 132.2 a 14b 9.2b
JSb5e -0.1 N-91-8 119.5 be 11c 8.5 bc
(MPa) Koohdash 95.0d 0.6d 75cd
Karim 124.5 abc 09c 7.0 de
Qabus 126.5 abc 0.7d 7.2 cde
Aftab 98.0 abc 0.7d 6.2¢e
N-87-20 103.2 cd 1.04 bc 7.0 bc
Gonbad 100.0d 1.15ab 7.5ab
Morvarid 113.7 ab 1.32a 8.2a
J8li5. -0.39 N-91-8 111.0 be 1.03 be 7.5ab
(MPa) Koohdash 94.2d 1.05 bc 6.7 bcd
Karim 103.0cd 0.68d 6.0d
Qabus 112.0 bc 0.95¢c 7.2bc
Aftab 1215a 0.67d 6.5cd
N-87-20 119.7 bc 13a 8.7a
Gonbad 109.0 de 0.8cd 55d
Morvarid 126.0 ab 11b 75b
JEuL.-1.5 N-91-8 124.2b 0.9 bc 6.2¢
(MPa) Koohdash 104.5e 04e 4.7¢
Karim 120.7 bc 0.7 cd 6.0 cd
Qabus 115.5cd 0.6d 45¢e
Aftab 132.7a 0.6d 5.7cd
N-87-20 119ab 1.63a 8.0a
Gonbad 116 abc 157 a 6.5b
Morvarid 108 ¢ 1.12b 7.0b
No irrigated N-91-8 121a 0.88 bc 57c
Koohdash 107 ¢ 0.73¢c 50d
Karim 109 bc 0.87c 4.7 de
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Means in each column fallowed by similar letters are not significantly different at the %5 probability level (LSD
Test).
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Figure 4- Root dry matter in different osmotic potential (0-30 cm)
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@l @ arg bocawload LI A (S 5o Gladles 5 gal> o o als) 059 Jlie )0 (c2aly plasl (35 (o) 2
g alites (39 e (5 I3 Ll bl 31581 55 a5 0 a3 e 039 Gal3H b sl e o
WS ot b aliw Szs 35 -1 /0 MPa g =+ /Y2 MPA sla il o a5 slassSa )5 Iy usSas
ax e (A JS) el mels suad cad b (aead (55) (5,kol e jlewd 10 g (el ais (45,155 laosls)
Ll @ Jguz) 052 -V MPa 5 -+ /Y2 MPa (sle Jouily 51 55t )bl g Jlad o ady, a5 (5
OhSer 5 GULLLE @bs ool b @il cdlas las cnl 5o alis 035 65y U Al SRR O3
OealS Caday (Sad g5 Gl b easS o i 39 a5 Wi ,S 55 (Narayanan et al., 2014)

“‘\'.’L.’.g_';"

b Y o Al (59 Olsd Wg) 0,T ady ) s G arge (S S Gl asdllas (ol o

5 i by Jla e gAY o s pBy) saty) S sl i SLIS S 5 5 (Vo)
3 slidlon, S 5 el i LAY US89 il (il Siilaer 3 Shos i, g el b o Jomie 1)
03 S (Gl ) s (Kb (5 bl o cplpln (A 5 7 Gl JSl) cdl ialS as)he yo ails 5 Slas
Ll o sy adls adllae (nl )0 358 ool Cgmme (owlie Cdio 5o plail (59 Cude 6 o8 e
als (539 5 ohaas I3l cge i (39 Gl Ylatol (Y Jpuz) 09 65l Ll 5l Soml il g

AR


http://arpe.gonbad.ac.ir/article-1-359-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-12-15 ]

e yd U @S o8] iy y i ] pandS

&S Glaee ol walgs bl cpl o o Slae (ioldl 4y e 25 bl o ay ) gl @ dlas G @
sy oo i cpl ol tod salgs ails o Slae 2alS Carge G5 50 Ay 059 Uil el cavods axlllas oy
2ol )8 g dehe aly ) e s3Il ol 1Bl s s byl (6l paiS BB A0S 5 el by e

3 35 2
. 18
Q 3 . . " y = -0.8744x+ 1.8646
1 25 _—_— ' - R*=0.5018
3' ' = R a 14 [ ]
g 1
£ S
> 19 08 . ~
S ~
g1 o ~'
2 y=0.259x +2.2089 sals 0.4 L e (]
~ = SHwl O
a 0.5 R?=0.1745 02 il
o
5 0 0
~ 05 1 15 2 25 05 1 15 2
(gr.p-1) root dry matter az,, Sas 59 (gr-p-1) root dry matter az,, 25 5
(O )0) dliw g ady ) Si3 (359 galal ) -A JSCG
Figure 8- Relationship between root and spike dry matter (in pot)
&l

Blum A. 1996. Crop responses to drought and the interpretation of adaptation. Plant Growth
Regulation, 20: 135-140.

Budak H., Kantar, M., Kurtoglu, K.Y. 2013. Drought tolerance in modern and wild wheat. The
Scientific World Journal, 10: 548246

Cattivelli L., Rizza F., Badeck F. W., Mazucotelli E., Mastrangelo A. N., Francia E., Mare C.
2008. Drought tolerance improvement in crop plants: An integrated view from breeding to
genomics. Field Crop Research, 105: 1-14.

Dencic S., Kastori R., Kobilski B., Buggan B. 2000. Evaluation of grain yield and its
components in wheat cultivars and landraces under near optimal and drought conditions.
Euphytica, 113: 43-52.

Ehdaie B., Merhaut D.J., Ahmadian S., Hoops A.C., Khuong T., Layne A.P., Waines J.G. 2010.
Root system size influences water-nutrient uptake and nitrate leaching potential in wheat.
Agronomy and Crop Science, 196: 455-466.

Eyshi Rezaei E., Siebert E., Ewert E. 2015. Impact of data resolution and drought stress
simulated for winter wheat in Germany. European Journal of Agronomy, 65: 69-82.

Faroog M., Hussain M., Kadambot H., Siddige M. 2014. Drought stress in wheat during
flowering and grain-filling periods. Critical Reviews in Plant Science, Pp: 331-349.

Ganjeali A., Kafi M., Bagheri A. 2007. Approaches from root studies on chickpea (Cicer
arietinum L.). Journal of Agricultural Sciences, 13 (1): 179-189. (In Persian).


http://arpe.gonbad.ac.ir/article-1-359-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-12-15 ]

A bl 3l ol lowd i 0,53 | AL (555192387 59,8 i 4yt

Gruber B.D., Giehl R.F.H., Friedel S., Wirén N.V. 2013. Plasticity of the Arabidopsis Root
System under Nutrient Deficiencies. Plant Physiology, 163: 161-179.

Jackson R.B., Sperry J.S., Dawson T.E. 2000. Root water uptake and transport: physiological
processes in global predictions. Trends in Plant Science, 5: 482-488.

Kamoshita A., Wade L.J., Ali M.L., Pathan M.S., Zhang J., Sarkarung S., Nguyen H.T. 2002.
Mapping QTLs for root morphology of a rice population adapted to rained lowland
conditions. Theoretical and Applied Genetics, 104: 880-893.

Kano M., Inukai Y., Kitano H., Yamauchi A. 2011. Root plasticity as the key root trait for
adaptation to various intensities of drought stress in rice. Plant Soil, 342: 117-128.

Koocheki A.R., Yzdansepas H., Nikkhah R. 2003. Effects of terminal drought on grain yield
and some morphological traits in wheat (Triticum aestivum L.) genotypes. Iranian Journal of
Crop Science, 8 (1): 14-29.

Ma S.C., Xu B.C., Li F.M., Liu W.Z., Huang Z.B. 2008. Effects of root pruning on competitive
ability and water use efficiency in winter wheat. Field Crops Research, 105: 56-63.

Ma Sh C,, Li F.M., Yang S.J., Li C.X., Xu B.C., Zhang X.C. 2013. Effects of root pruning on
non-hydraulic root-sourced signal, drought tolerance and water use efficiency of winter
wheat. Journal of Integrative Agriculture, 12 (6): 989-998.

McPhee K. 2005. Variation for seedling root architecture in the core collection of pea
germplasm. Crop Science, 45: 1758-1763.

Miralles D.J., Slafer G.A., Lynch V. 1997. Rooting patterns in near-isogenic lines of spring
wheat for dwarfism. Plant and Soil, 197: 79-86.

Moemeni A., Afuni D., Zarei G. 2008. Comparison of yield and genetic features of some
advanced lines of wheat under late season drought. Journal of Crop Science, 5: 63-71.

Narayanan S., Mohan A., Gill K.S., Prasad P.V.V. 2014. Variability of Root Traits in Spring
Wheat Germplasm. POLS ONE, 9 (6): 1-15.

Passioura J. B. 1982. Roots and drought resistance. Agricultural Water Management, 7: 265-
280.

Passioura J. B. 1988. Root signals control leaf expansion in wheat seedlings growing in drying
soils. Australian Journal of Plant Physiology, 15: 687-693.

Rajaie M., Tahmasebi S., Bidadi M. J., Zare K., Sarfarazi Sh. 2015. The effect of terminal
drought stress on yield and yield components of wheat genotypes. Cereal Research, 5 (4):
341-352. (In Persian)

Reynolds M., Dreccer F. Trethowan R. 2007. Drought adaptive traits derived from wheat wild
relatives and landraces. Journal of Experimental Botany, 58: 177-186.

Serraj R., Krishnamurthy L., Kashiwagi J., Kumar J., Chandra S. 2004. Variation in root traits
of chickpea (Cicer arietinum L.) grown under terminal drought. Field Crops Research, 88:
115-127.

Siddique K. H. M., Belford R. K., Tennant D. 1990. Root: shoot ratios of old and modern, tall
and semi-dwarf wheats in a mediterranian environment. Plant and Soil, 121: 89-98.

Siddique M.R.B., Hamid A., Islam M.S. 2000. Drought stress effects on water relation of
wheat. Botanical Bulletin of Academia Sinica, 41: 35-39.

Soltani A., Maddah V. 2009. Simple application for educations and research in agriculture.
Scientific Society of Ecological Agriculture of Iran.

Streda T., Dostal V., Hajzler M., Chloupek O. 2011. Yield and quality of spring barley in
relation to root system size. Tagung der Vereinigung der Pflanzenziichter und Saatgutkau
anzenziichter und Saatgutkaufleute Osterreichs, Pp: 167-170.

'VFY


http://arpe.gonbad.ac.ir/article-1-359-en.html

[ Downloaded from arpe.gonbad.ac.ir on 2025-12-15 ]

e yd U @S o8] iy y i ] pandS

Szegletes Z., Erdei L., Tari I., Cseuz L. 2000. Accumulation of osmoprotectants in wheat
cultivars of different drought tolerance. Cereal Research Communications, 28: 403-410.

Tadayon M. R. Emam Y. 2008. Effect of supplementary irrigation and amount of available
water on yield, its components and physiological characteristics of two rainfed wheat
cultivars. Journal of Science and Technology of Agriculture and Natural Resources, 11 (42):
145-156. (In Persian).

Waines J.G., Ehdaie B. 2007. Domestication and Crop Physiology: Roots of Green-Revolution
Wheat. Annals of Botany, 100: 991-998.

Wang C., Liu W., Li, Q., Ma D., Lu H., Feng W., Xie Y., Zhu Y., Guo T. 2014. Effects of
different irrigation and nitrogen regimes on root growth and its correlation with above-
ground plant parts in high-yielding wheat under field conditions. Field Crop Research, 165:
138-149.

Wasson A.P., Richards R.A., Chatrath R., Misra S.C., Prasad S.V.S., Rebetzke G.J., Kirkegaard
J.A., Christopher J., Watt M. 2012. Traits and selection strategies to improve root systems
and water uptake in water-limited wheat crops. Journal of Experimental Botany, 63: 3485-
3498.

Yordanov 1., Velikova V., Tsonev T. 2003. Plant responses to drought and stress tolerance.
Bulgarian Journal of Plant Physiology, 187-206.

Ziloee N., Ahmadi A. Joudi M. 2014. Evaluation of phenology relationship with yield potential
and drought stress tolerance in some of wheat (Triticum aestivum L.) genotypes and
varieties in Iran. Iranian Journal of Field Crop Research, 45 (4): 531-540.


http://arpe.gonbad.ac.ir/article-1-359-en.html
http://www.tcpdf.org

