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The Effects of limited irrigation on yield, yield components and
physiological characteristics of different wheat cultivars
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Table 1. Soil test results at the test site
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Table 2. Analysis of variance (mean squares) for the effects of irrigation levels and cultivars on
wheat yield and yield components

Do o 5Kk st e
MS S.0.V
Sl yesls gl s Shes acw ys als sl als 48 05 6l 5 Slhes
Harvest index Biomass Number of seed  1000-seed  Seed yield
(%) (kg/m?) per spike weight (gr) (kg/m?)
| <
0.008243 27613.49 1.430556 6.859363 2090.398 ).’S )
Replication
LT
0.008891 1203063 11.31019 801.5132™  303176.3" %;,
Irrigation
ol sl
0.017154 41426.92 17.28241 3.911679 15414.7 ]
Main error
0.06312* 672191.9™ 639.8472* 59.00336™  90339.23™ VJ_J
Cultivar
T SSENSERRE
0.01135 42632.87 19.29907 17.15472 9990.589 ) o
Cultivar x irrigation
JS sl
0.007781 24584.82 18.36944 13.49585 5357.39
Total error
0.013284 125307.4 61.46459 49.77324 25662.65 s
Total
Ol s
183 11.32 11.12 9.5 12.52 e
CV (%)

02V 50 dlozl g 53l o 5

* and **: significant at 5 % and 1% probability levels, respectively
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Table 3. Mean comparison for the effects of irrigation levels and cultivars on wheat yield

components
Sl el o3l s See  aliw s glsslis &l im0 4l s Shee .
B
Harvest index =~ Biomass ~ Number of seed 1000-seed  Seed yield Cu;:ivar
(%) (kg/m?) per spike weight (gr)  (kg/m?)
Ko
0.412204 1682.122 42.83333° 38.695%®  698.79672 'f
Pishga
&)
0.485959%  1512.748% 48.75° 37.17667° 677.6808%
Alvand
|
0.327951°  1536.324%® 34.91667°¢ 37.11333°  488.3475°¢ £
Erum
E
0.364889*  1340.003 32.91667 42.67° 540.4758°¢
Behrang
LT
0.441595%  1055.823°¢ 32.66667 < 36.68° 517.7192¢ ')_
Aria
G
0.520469* 1179.571°¢ 30.5¢ 38.09667® 567.2175% ’
Dena
6)‘:‘.T
Irrigation
0.431824* 1643.423° 39.61111% 44.14944*  723.9372? 100 % ETc
0.42911°2 1544.517* 38.55556* 43.76833*  649.0466* 75 % ETc
0.446823* 1274.877" 38.16667* 35.11611°  520.5378° 50 % ETc
0.394288* 1074.909° 32.05556° 30.59444°  433.3033° 25 % ETc

LSl Lg)bTJlssan P FRH EN RN cldm‘).l &i.?l: O30 el S i oy - glyls L;LA;,_.iJL_..a
Means fallowed by similar letter(s) are not significantly different at 5% probability level using
Duncan’s test.

Cils o esli g e § ) 0y glyls &S
33 Gk a5 Shes WSl 5 ez YU
Mg (Shs S5 dels 5 i 0s Ll b
s Ll 455 (Reynolds er al., 2009) S
oS i g5 (SLaplll e )35 (5 ¢ SNES
JS el Lol ol ()l g ralS
Pireivatlou ez al.,) 5 35 o 4§ 03§
2010
CB)\ O A BT -S| LYt YRGSPIF
o Cbls sl Lol Cils 5 g2 g Calides
(¥ o) S35 5 ol oolaw 30
Loy Y o Kla b Ctls e le o S

el A\ PRES) Se p)‘ (ﬁ;) “ J")‘.J"

.(2002; Yang & Zang, 2006
lse 5 Shes w Golsgme Dl
Sl ormer b odalie Cilee pb
sgne plage 3 Shas 5 LT Glales
Lo plose s (Y Jyus) (p<0.01) 54
Sl Ll o Zdl el TS Sl il
doys Voo 5 VO bl o Guls s
b)) o (I Jsd) Ll edalin B1%
s 2 Sas (7S 5 0 e (0 230 58
e 3 05 S V100 5 VPAY e U
s T 5 oy pl)l & by o35
bs o1 oo s 5 Shes Gl gme s\
C“‘f 3l (M sie) i sdalin LT



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

.»deo v Hs als slaw el
.(Emam et al.,) 2005; Ghandi & Jalali, 2013
g Sslise ik pBy1 &ls I3 05
055 2 Sl Calee msbu I ones
(Y i) (p<0.01) 3§ Sls e il 1 5a
L als 5l 855 p e oo n0se B o
5335 K (854 Loy e 0 S FY S0
A Sl L L 5 p &y pl)) &l 5
A3 bTes S e 55 &K 35)%(’;?‘“/\
AR o LT DT Ol a8 5 8
£ o (613 a5l s &l 1 5m 05
Cao opl i3l STHW Aoy Ve 5 VO
O 5 ¢Sl (¥ Jads) i edalie
oLS 53 g Ly, s (Wang et al., 1996)
055 Sl e | (g5 b Sud b 2alS”
35 oDl (Sas 251 AL 4l g
(S 4 dhly 03l 0 Dlie
ae Bl 5 ST g el
ST Olpe 1 Ll (Bl (gyl5 gne Soslis
(F Jsd) (p<0.01) 3.5 Hls sme OT 5 (s,LT
Sleme Sials ol S AYs aes )l
il (i 5 Ll b s b NS
Slds SHS salis o5 4 Ol e
23 255 o5 OsmmldanST| 5 LSl IS
5 05ST Jlb sl 8 b nll
Ashraf) 5 5 o6 535 IS o 5T Elad ol 530
Cws I (et al., 2001; Huffaker et al., 1970
Wl gr S 5 Ll o0 s J85 S o8,
AL Asl sl (85l anr
Fragd (b odsen Sl 09 S Jdy S
U bl 0T Jlis 4 5 il el

OY U YP/0 osgdws o vléj\ ol Sl
Sols gme Dol gyl Ll &S 5y Aoy
G s L Jpde) il S
2358y a8, VY0 51 g 1 i sl Sl Jeol
Pl blsy astls o sl OLa Ul
Sl e o y3 D LYY oy oS il
el 53 oLS o8 a (Unkovich et al., 2010)
S S sk A o e 53 A fuad
WS oSGt 0 STl cdal asls i3
b o a8 (S 31 s alE (slaplal
& Jals oS 215 5 Ry by Oljes o
(T Gl sk Bl 5 sl sy
& w5 o il esls o6, 5h
B3, (Ghazian Tashrifi ef al., 2013)
PSSl el Il el e
Abdoli)s s 5 e G- A5 L oagalee ys
(& Saeedi, 2012

Q,wa:;uru)\ aliw 5> &l sldes
&l sl @TVS Slalsls s g Hls pae
(p<0.01) (Y Jgd) Ad Hls gae abow s
FANVD 5Kk b aliw 5 413 slias o 2l
GJVS.(Y’ Jadr) 5.5 L5l (.5)4.3.2‘,.3}» 4ls
S a5 &l Slaw rals o
(Tl Aoy B0 5 Ve VO Tl 53 4l
als sluss ..kisjfj sdalin (g ls g &5l
SoIdsme Sl Ao ;Y0 jlad s akiw s
(i) ol OLis (LT m sk plo L

LS;“.?,: sul e Sl dols 5o @TVS
Gy Wy s o Slidles § 6 4 g5
¢S 5 (Royo et al.,) 1999 345 o pS 5
el 05 de 3 b Sl dhin 556 3l s



o 33 8das Sl Slas  65LT oS )

pkS 5 b o 061 5 (ST s T Sl e KRR P RIS IR SUPRES
Table 4. Analysis of variance (mean squares) for the effects of irrigation levels and cultivars on
physiological traits of wheat

Sl o o Solee 5 gl
MS S.0.V
i ST S5 b sy JS chle a s i ke i sl
g Chlorophyll b Chlorophyll a ) .
LRWC content content Chlorophyll index
=
19.05556 0.005617 0.202979 29.33847 . ’1,’5“ ;
eplication
LT
13453477 4411349 14.60725™ 1452.945™ 1 =
rrigation
| gl
31.22222 0.025885 0.033596 41.06329 1\:1# <
aim error
119.5806" 0.009697 0.231546" 7.763806 . V;_’
ultivar
LT 55 o3
35.11389 0.012619 0.101828 10.06862 . hf’ SR )
ultivarx rrigation
J5 sl
20.04722 0.019951 0.06964 16.11775 o
otal error
87.15473 0.296896 1.025606 77.44296 T“f 1
ofta
Ol s
7.8 14.01 12.3 8.2 C"\‘]”( (;‘;”
0

NWRTR Y- JL&:}‘C#)))‘}LS:&G%J:Q%E%E}%E
*and **: significant at 5 % and 1 % probability levels, respectively.
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b osa gl by )5 chle zals
e gl b5 K25 gy 53 0AF
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(Kranner et al., 2002) AL g
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Table 5. Mean comparison for the effects of water stress on chlorophyll a and b contents in wheat
cultivars

Ls ;b J (N E
Sag 3 Sals asys 220 g5 Sag b s S s el asys S8 s Sles 528 Jbo kS

A S Ls i

s s NNE) Lds A5 les aals )
Percentage lel}lll(;)r;)phyll b Chlorophyll b~ Percentage Clrlll(;)rrophyll 2 Chlorophyll a "3.)
decrease under ateer ssetve ©  under check decrease under " te set;/ere under check Cultivar
severe water V:rea tmel:lis treatment severe water “;a ertrfl eis treatment
stress treatment (mg/g.fw)  stress treatment rearmen (mg/g.fw)
(mg/g.fw) (mg/g.fw)
Ko
[
35 0.39 b 0.6° 17.5 0.99 ad 1.2 Pishga
£l
42.47 0.23 < 0.39 b 17.9 0.82 °F 0.99 * Alvand
31
43.41 0.17 039 27 0.65 4 0.9 #° Erum
S
42.41 0.29 ¢ 0.52 19.35 0.89 2 1.1 Behrang
LT
65.5 0.13 ¢ 0.39 bd 25.8 0.73 <f 0.99 Aria
B>
65.78 0.11"h 0.31¢ 40.08 0.54f 0.91 % Dena

Lsb e 6)LAT)|:&# Sl Bl s 3 0 cl:..,): oﬁj\: Oga30 ol SS ha oy (slyls Lg\.aafjltn
Means fallowed by similar letter(s) are not significantly different at 5% probability level using
Duncan’s test

Table 6. Mean comparison for the effects of water stress on leaf relative water content (LRWC) in
wheat cultivars

S 3368 5 OT o sl gmmn Slas 5365 5 T (61 gioms

L 25 Hles s el ds s Lds A dals N
ol
Percentage decrease under severe water LRWC under severe LRWC under check rg.
Cultivar
stress treatment water stress treatment treatment
() ()
e
19.21 61.4 < 76 .
Pishgam
. £l
33.7 49 hi 744 S
Alvand
. |
39.7 45 747 (0
Erum
&
237 53.7M 70.4 &
Behrang
. ()
332 4871 730 >
Aria
. Gs
40.7 451 762
Dena

Al gr (55LT 513 e g5 A3 Ao )3 O o 53 SU15 D ga3T ol &S 2 (3 11 (518 oSS
Means fallowed by similar letter(s) are not significantly different at 5% probability level using
Duncan’s test
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Introduction: Currently, the most important selection criterion for drought
tolerance in wheat breeding programs is to compare grain yields between wheat
cultivars grown under normal and deficit irrigation conditions. Several reports
indicate that wheat traits, such as grain yield, biomass and yield components are
decreased when the crop encounters water stress (Mohseni and Akbari, 2012).
Heritability for yield is low under drought conditions due to high interaction between
genotype and environment or low genetic variation. For this reason, secondary
characteristics such as physiological traits have been given particular attention for
selection process by researchers. Leaf relative water content (LRWC), chlorophyll
content, water use efficiency (WUE), proline and abscisic acid accumulation are of
some physiological indices as a measure for selection of drought tolerant cultivars.
LRWC is considered as a screening tool under drought condition. (Blum et al.,
1981). LRWC is affected by osmotic pressure, water uptake and respiration rate
and shows a high heritability under drought conditions. Crop chlorophyll (Chl)
content decreases under drought conditions and plants with high Chl content are
more tolerant to drought (Abdoli et al., 2013). In crops with high chlorophyll
content, photosynthesis activity continues under drought conditions. Thus the
experiment was conducted to investigate the effect of limited irrigation on some
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morphological and physiological traits of bread and durum wheat under Mashhad-
Iran environmental conditions.

Material and Methods: The study was conducted at experimental field of
Ferdowsi university of Mashhad during 2011 and 2012 growing seasons in order
to evaluate the effect of limited irrigation on yield and physiological characteristics
of wheat. A split plot experiment based on randomized complete block design
with three replications was performed. The main plots were assigned to irrigation
levels including (I1)100, (12)75, (I3)50 and (I4) 25 percent of evaporation from
evaporation pan class A and the sub-plots consisted of wheat cultivars (three
hexaploid cultivars (Pishgam, Alvand, Erum) and three durum cultivars (Behrang,
Arya, Dena). Land preparation was done on late October according to farmers
practice in the area. There were six 3m long rows spaced 20cm apart in each plot.
The studied characteristics were yield component traits, flag leaf chlorophyll
content, chlorophyll (Chl) a, and b contents and flag leaf relative water content
(LRWC).

Results and Discussion: The results of analysis of variance showed that
there was significant difference between cultivars in terms of grain yield. Also,
grain yield was significantly affected by irrigation levels but was not affected by
interaction between the treatments. The highest (723 kg/m?) and lowest (677 kg/
m?) grain yields were produced by Pishgam and Alvand cultivars respectively. The
highest (52%) and lowest (32%) harvest index were observed for Dena and Erum
cultivars, respectively. There was no significant difference between irrigation
levels for harvest index. There was no significant difference between cultivars
for chlorophyll content There was a significant difference between cultivars for
chlorophyll a content. The highest chlorophyll a content (2.49 mg/g fresh weight)
was observed for Dena cultivar. There was significant difference between irrigation
levels for chlorophyll a and b contents. Chlorophyll content was significantly
affected by irrigation level and chlorophyll a and b concentrations were decreased
by water deficit. There was no significant difference under normal irrigation levels
between chlorophyll content index and Chl a and b concentrations. LRWC was
different with different cultivars and was affected by irrigation levels. The highest
and lowest LRWC were obtained with Pishgam and Alvand cultivars, respectively.
There was no significant difference between the other cultivars for LRWC.

Conclusion: The highest grain yield was obtained from Pishgam and Alvand
cultivars. The former and the latter gave the highest yield because of higher
1000-grain weight and higher numbers of grain per spike, respectively. Harvest
index of all the wheat cultivars remained stable and was not affected by water
stress. Water stress reduced LRWC, chlorophyll index content and chlorophyll
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a and b concentrations. The reduced chlorophyll content led to diminished

production of photosynthates, resulting in decreased grain yield and biomass in

the all cultivars. Since selection based on grain yield is not useful because of its
low heritability, LRWC can be used as the selection criterion for cultivars with
high yield performance under water deficit conditions.

Keywords: Irrigation, chlorophyll a and b, relative water content
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