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ABSTRACT

Introduction: Water deficit stress is one of the most common environmental stresses which has limited agricultural production. So, research on
the water deficit tolerance in crops is very important.

Materials and methods: In this study, 15 corn genotypes (five parents and 10 hybrids resulting from their crossing) were evaluated in two
separate experiments including normal conditions (irrigation cycle of 5 days) and water deficit (irrigation cycle of 8 days) based on randomized
complete blocks design with two replications in the Research Farm of Graduate University of Advanced Technology, Kerman, Iran during 2017.
The chlorophylls a and b, proline, protein, and reducing sugars traits were estimated in normal and water deficit conditions.

Results: The results of combined variance analysis showed a significant difference at the probability level of 1% for all the studied traits between
genotypes (parents and hybrids) and also between two stress conditions. The interaction effect of genotypexstress was significant for all traits,
which means that genotypes have shown different reactions under water deficit stress. The water deficit stress caused a significant decrease in
chlorophylls a and b, carotenoids, reducing sugars and protein, and an increase in the amount of proline. The highest amount of carotenoids was
related to genotype 8 (1.80 mg/gfw) under normal conditions, and the highest amount of carotenoids was related to genotype 3 (2.96 mg/gfw)
under water deficit conditions. The mean comparison results showed that the amount of protein was affected by water deficit stress, that the
highest amount of protein in normal conditions was related to Genotype 5 (0.00668 mg/gfw) and the water deficit conditions, the same genotype
(Genotype 5) also had the highest value (0.0070 mg/gfw). The grouping of genotypes under water deficit conditions was performed by Ward's
method, and the cophenetic coefficient of this method was equal to 0.77 and categorized the genotypes into three groups. Also, based on the
average traits, the grouping of corn genotypes by the UPGMA method and Cophentic coefficient equal to 0.72 was able to place the genotypes in
two groups.

Conclusion: The intolerance of corn genotypes to water deficit stress can be due to the destruction of chlorophyll, the reduction of reducing
sugars and protein, as well as the insufficient increase of proline, and these biochemical changes have caused the sensitivity of corn genotypes to
water deficit. Also, genotypes 4, 5, 9, and 11 could be investigated in future breeding programs due to their greater water deficit tolerance.
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Table 1. Names of lines and hybrids used in this study.

o, Lo el o,los ab
No. Name No. Name
1 KSC704-S7-2 9 KSC704-S7-3xKSC704-S7-9
2 KSC704-S7-2xKSC704-S7-3 10 KSC704-S7-5
3 KSC704-S7-2xKSC704-S7-5 11 KSC704-S7-5xKSC704-S7-7
4 KSC704-S7-2xKSC704-S7-7 12 KSC704-S7-5xKSC704-S7-9
5 KSC704-S7-2xKSC704-S7-9 13 KSC704-S7-7
6 KSC704-S7-3 14 KSC704-S7-7xKSC704-S7-9
7 KSC704-S7-3xKSC704-S7-5 15 KSC704-S7-9
8 KSC704-S7-3xKSC704-S7-7
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mg total carotenoids/g tissue = [A480 + (0.114 x A663) — (0.638 — A645)] x 10;10 xw  (¥)
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Table 2. Combined analysis of variance for physiologic traits in corn lines under water deficit stress.

= - n - ) 50 S.0.V.
Odsn IS g oaiilial (slaad A 635 S JSdd K b Jés s adds K dz‘)f
Prolin Total poroteien Redusing sugare Caratenoied Chlt Chlb Chla o
0.00006 574 0.0016 28.86 86.033 241 59.63 1 it "S
Water deficit
* ns ns il ns ns ns L.i‘-“ ?S/)“)s‘j
0.00000001 2.61 0.000001 0.68 0.017 0.017 0.0007 2 Repeat/Water deficit
0.00005™ 468" 0.00008™ 3.162™ 472" 191" 5.28" 14 T
Genotype
“ . . . . . - i3 X o S
0.000002 1.19 0.00003 0.54 7.23 1.80 6.54 14 Water deficit x Genotype
Uad
0.00000001 2.83 0.00000001 00000001 0.016 0.016 0.000004 28 Error
s ;
0.19 0.25 0.04 011 1.98 5.37 0.05 R S e
Percent of coefficient of variatio
B ) s 5
29.66 2.30 14.54 55.97 31.98 40.44 47.92 (S SIS U e

Percent of phenotypic coefficient of variation

ns*and **: Non-significant and significant at the 1% and 5% probability levels, respectively.

e ) 50 Juial mha )3 Jlagine gl Sra e i i a4y g



YAY

FAG-YVO V)V A F ) oM condiogn 5 559055 9 [ g0

S5902 5ud lio (sl (2 o5 X i 935) ol §T (uSileo Ammliio =¥ Jgur
Table 3. Mean comparison of interactions effects (water deficitxgenotype) for physiological traits.

BATSY IS i g Sl ela s RPN ;
iSlal glaag JS s S . o < .
O eJS/eJSL.AéAZ Ul eﬁ/eﬁg‘aﬂz (5055 o Rl flse) 997 eﬁ/eﬁ&aﬂz 035 o Kle Rlss) o b dj%)ls p Sa Sist) adfﬁ{{ls Wiz
(5 (5 Redusing sugare (5 B (5 035 p e Ssle) (005 Genotypes
prolin amino acid ~ Total poroteien (mg/gfw) Caratenoied hi fafw chlb (mg/gfw) chla (mg/gfw)
(mg/gfw) (mg/gfw) o/ (mg/gfw) chit (mg/gfw)
0.0055° 0.0066 0.053 1.120 6.62 2.799 3825 1
0.0024% 0.0066" 0.05472 0.39' 8.15¢ 3,598 456" 2
0.0045" 0.0065¢ 0.0438" 0.21 6.96" 2.20 4579 3
0.0023' 0.0066" 0.0505¢ 1.41¢ 11.822 2.91f 891" 4
0.0049¢ 0.00672 0.0436' 0.64" 7.90f 3.43¢ 446 5
0.0048f 0.0066° 0.04321 1.01f 11.64° 2.69 8942 6
0.0052¢ 0.0066" 0.051¢ 0.56' 9.39¢ 1.5m 788 7 e s
0.00572 0.0066° 0.04321 1.80° 6.75 1.310 5.44° 8 >
0.00325 0.00665% 0.0508¢ 0.52i 6.15' 2.71h 343 9 Normal
0.0025! 0.00665% 0.0431k 1.71b 6.09™ 3.08¢ 3.007" 10
0.00535¢ 0.0066" 0.04559 1.11° 5.85° 3.500 2340 11
0.00485" 0.0065¢ 0.046f 0.869 6.08" 3.03¢ 3.04" 12
0.00479 0.0065¢ 0.0431k 0.32m 8.43¢ 1.4n 7.02¢ 13
0.0048" 0.0064¢ 0.0455¢ 0.47% 6.48K 2.62i 385 14
0.0052¢ 0.0064¢ 0.04559 1.41¢ 7.520 2.20K 5220 15
0.00599 0.0067¢ 0.0778° 241 2410 1.147 1.27° 1
0.0052! 0.00655¢% 0.0657b 2.38i 6.02¢d 3.25b 276" 2
0.00475i 0.0066¢ 0.0546i 2,96 7.23 4.30 2.920 3
0.00765¢ 0.0068¢ 0.0555f 2.89¢ 5,73 1.05¢ 4,67 4
0.0061¢ 0.0070? 0.05539 2.391 5.35¢ 2.35¢ 2.99f 5
0.0060° 0.0068° 0.05539 2.90 3.539 1.29%0 2.240 6
0.00599 0.0068° 0.0505' 2.55¢ 5.41° 3.15 2.25 7 J
0.00585? 0.0068¢ 0.0579¢ 1.94' 3.881 1.23¢9 257 8 V‘j X
0.0034k 0.0069P 0.05539 1.13° 7.608 4.372 3.23¢ 9 ﬁe.r
0.0061¢ 0.0068° 0.05481 2.17k 6.31¢ 1.63¢% 4.67° 10 defictt
0.0087" 0.0067¢ 0.0575¢ 2520 6.26¢ 1.71¢ 4,65 11
0.0085¢ 0.0069° 0.055" 1.5m8 4.12f 1.580% 253 12
0.00545" 0.0069° 0.0545k 2.54f 3.609 1.3%0 2.24m 13
0.00599 0.00655¢% 0.0503™ 1.16" 5,620 3.15 247 14
0.0077¢ 0.0065¢ 0.0577¢ 2.83¢ 6.83" 1,501 5.322 15

Means with the similar letters in each column are not significantly different.

LJ\JJ?AIJL;J\J@MM)\.\A\LEJLJLM)\ 6&)\3&5%&_&})}4&@&0&1—}& Ot pa 2



YAY O3 ot s 9 oY Sujsle b 5 plertion Slio p ol o5 (25 b))

Cod i,y B gl e ol 5 adly Grals

(Somogyi, 1952) wiles 3L Jsbo S5l ol o5 i
as oy oyl S e uibyly e 5l el s s
8,5 5 G it sl 556 St iy ol
@ boye Joy Ly 0 een Ol i Sl
Lilp 505 (5 ojs pS R eSSk o PPA) B S
039 £ 2 pSske [V 0 gy 4 bgpe 25
oS Olllas Sy glo b bools pl (Y Jgax) 990 (5
S oS Oles el ss3 I L wisS B
o calhs wibige eSS gl gme  Hebay

(Keshavarznia et al., 2013)

o G5 3l a5 ol a5 g e 4 boge e s
V ey Loy kil pocaslond Gl Gl W1
o5 ks 5 s (5 oos 5 2 pS ke t/000Y)
Otide (5 039 pS 2 eSSk 1 OAD) A sl
b g ool @mls (F Jsuz) wiols plas ]y odg oliee
@l o5 8 Gl L s Gl s @l oo
Kafi & Mahdavi Damghani, ) il e Lisl,en

(2003; Mohammadi, 2013

a5 wed oo el S p O Lol 2alS b g il

Joot el mdaid (B, b el 5 ol 4 058 0 LS

Oliee (e gdige 0aalln ¥ Jouz ;0 o5 jsboplen
VA A Gaigs & bgrye Jboy Ll cod agss,lS
@ boye A5 Lulpl 09 (5 ks pS 2 pS ke
Pl orl a0 (5 039 o5 2 Sk VI Y S5
STy gl o8 5 hlie 5o lagesi ol aeope (s
glocdl o aiiils lacadsiy ple 4 Cewd o
dos S5 01K, Olpe a4 bades 5 (gt
SuiSaar 5 Sl GiE gl bl asS
Egert & Tevini, ) il oo 5 o5t ol5T sla IS,
cde @ 0855 e zalS (ol o5 s 0 (2002

.mpd S Cda“ ool lbdig Cuglie (ydlas

o Sy ol gl 3 i i ol i

bylys o ol Glie cppias &5 g9k @ wy )los,.m
(B 039eS peSske [0DY cigy & by o Jloy
R eSSk YY)V gl 4 bg e S bl o g

(V J992) 092 (5 0j9 05
i b ablie o oblE blis sles !, alex

5,5 oLl 25 plp 0 ceplnd 5 oyl slaopal, g

(Majnon Hoseini, 2007; Maralian et al., 2010)

ol el 5o ladsle 2o Jsloe (sloaid gos

Jobos @1 Sy b 05 g0 SaS 5 00903 Wl i S5



YA

PV WY slacesss ol 095 0 79 T slacasss
339 pg 095 ;3 A 50 Y A0 lacSes e 09,5
sl JLEVE 50T A A0 ) lacasss 5] 0g,8
2 Gladgs aies alise slagts, b g ;N0 (ki
958 slacisy g el el 5 lerdsn Slio ]
Igbal et al., 2015a; ) wsls 1,8 alisee slaog,S o |,

«(Igbal et al., 2015b; Kumar et al., 2015

care s Oly Gy b (SaS a5 lald o bgs
2 (Y JSKE) a8 S 18 09,5 A o VY (SLdeS
9o 5 Slio Sl (wluly )3 slacais) ol
55 3 VY SedsS cuyo s UPGMA ), L Ll
53 Loadel) ganog,S amglie (V1 JS2) a8 )57 )18 05,5
olas lulyds 90 2 (:Sike 5 ol o8 85 Loy Ll
Wl 5 15 lalie L ooy, o lacuiyss o5 ol
Oy dw ol o bl ganey S calll woys
9 2 5Sile 5 ol o5 18 Jly Lulpd) Sgline
S glcssy lnlple e o v e (Wl
slasby o Gl oo wiils 1) las Jlake o iy
Ozan gad odlatul ol o5 ez S Gl (Do
sloceish Glyie 4 atlyioe V1 9 1B F lacadys

58 18 (i oy 2 090 Jeie

Smallwood et al., ) wb oo iolidl ST o5 i

(1999

g Jloy kulyd o 0yd sbcwiss) labes ayd

& oS GRS

L eyl @ 50 omsre SSIoe ay gl (gl (el
295 0 5 Sy ) Ysane oS st lacaiss
Flint-) wss Sl B 0 50 pally olsie 4 g osil
Gk 5l wilg e e el ol (Garcia et al., 2009
Slao olul bl Gm 9s7se Sy abold (o)
Sl Candds GladgS aim g, 5l eolatul b g onieid
2 iy oo LB en 5l 90 sleeg S o A olagyY
el jo pally Gleie 4 (6,5 50 5 (ol slaaali y
S (S5 £55 B 8 8 (oo )18 ooliitul 350 Lo B
il slo by, 5l .(Kokab et al., 2016) sgs Jol>
Ol Geesd sl alols Glizes Jlae L sladigs a0
Saed-) g so ooliiwl axlllas 5,90 SloCS455 o £95

(Moucheshi et al., 2013

oo Jlaie o iis UPGMA ig) a5 ols lis gl
2 lacugs Ganeg,S Glp |y CIAY) SudeS  Swon
o boslates gaes alple s ety Jlop s
» Loy slacsss (slade wpes ab el )

O 5D dged el 035 ez & Jlos b



YA? O3 ot s 9 oY Sujsle b 5 plertion Slio p ol o5 (25 b))

T

SR} ladod asjxd pl)Sg s -V JSb sbhcaighi labgs aixd plSgyuie ) S
2l S e byl o wyd Jboy bylypd o &yd

Figure 2. Dendrogram of cluster analysis Figure 1. Dendrogram of cluster analysis of
of corn genotypes under water deficit corn genotypes under normal conditions.
conditions.
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Figure 3. Dendrogram of cluster analysis of corn lines based on the average traits in

both conditions.
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