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Table 2. Resource change, degree of freedom and mean sguare effect of freezing and drought stress on SPAD index,
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Table 4. Correlation between cold stress, dryness and corn hybrids on SPAD index, relative water content and

electrolyte leakage and grain yield
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drought stress on maize cultivars


http://dx.doi.org/10.29252/jcb.9.23.146
http://jcb.sanru.ac.ir/article-1-883-en.html

[TORR L5 iiSen oy p
B . 3,5 L5 &l o » L:'g““‘> b
Syl o lgime (Jdg IS a3

VoY

3 ]
&u N s g
4 2o
0'G
FI .
2.8 | - =5 w,mmw
.A B85S i & T 2 Mmfd
3 mu.a @ o) P77/ 777772 = W = wd
i 555 & 1 4 5 0583
SR 32 322 — R L. Dy g o
_%%M/MW%A @ 3 @ W. = M <] ; Vﬂ//ﬂ/é//o."ﬁﬂﬁﬁ& m h 5 1 w ..M/ % 5 mum
RRASRRRRRRR SRR < Ta = . ZA L . =
RN R wm..w e 1 3 3 8= z 8
¢ Q== L3 L w v, Vv c
3 oEc-2 EEENEEN, 7| ) 3 B SEC o0
: o= w = g : DAY - S I 1 = =g
: 33 %3ty |1 g | b 3 AEcsE
e . [J) ] il B ’ o
5 ’ olq “ 1 : ; T8
2 3 ; 2550 | ¢ TR I 5 NN s
: P 2 5558 |3 B b > |4 1 S S E583
z TR £ — ) s R : 9 3. =
g RN £ 5 47 o5 m 5 |8 A7 777777 w F: W /«w 3 wmw 5
g : = = 3 2 y 11 |% i
g 5 o= mmam 5 e 12| g £ ‘ ‘u.wmmmmw
. ki o noo o Bl = L z s b 2E52
: : L goee i | s : 3432s 43
z . =35 E % 3E
] . w .WNCH m - ldemwc.w,
B 3 = Mum 56 EEETNNTE . o TSR o
TR £ . S e EESEC 2 “ 3 s anc g
JdlﬂdMMMMMgNM””M”. 2 - % ,\u m.m mw WJ AL sgggsgg-e %~ m % w w ) rﬂlu
- gsgsggggggs N1
, = 2 Soo £3s23s8353:°¢ . avrl..u.aewmnu
Y Pl L N AT o - 13 1zzsEg
- = = T S . O =
LRI R = el 5 2 99650
sgspesssace 3 wwmanlrum Y, x wmmmmw
gear i "w, 2 D8E S "] TN n3 §SBR b=
ornsfife® o ol i) “ MR o=9 = SEANASMNSANINNAN 2 @ R R R chohe)
L .mm%m 3 N LTI IITIY) = W o m.mmw @3
14 \Wff = g § > &/ 55 S
8 ;3 "BoEZ Py £ 4 b ~2Q0 %
Ry Mu RSSERER 2 n SRR Y A OeS
_nEaEa M//%%/V///MM/M . 2 g m,w g L s E 3 R Kk M\C/M 5
- = 3 v q . = btz = q ¥ -
%/M/J/%//Mi%« ) RN 2 >3 a2 %5E mm =SS EN VM m.m 85
adinegdnsnddy & : ! ; & — =
RN 2 3% 39880 1 s 1| T4 2SRad
: o E¥5pe v i 2 3 Y.y NEYES
" T, 5O mt R £ 3 A ) .W €S WJH
ﬂ 1| 34 sags | 4/ | s degts
= ~ i - “
22 2 ..w W 3 .n_n..mw.ummw 8 m .M‘ g EEEE . ..__ Kugu a ..hlr%‘S
2 + | g = i kw R Ml s ] oks g i 9 o S 2. 2 50¢®
g 2|3 Ry £ 1 | = w Sog= | o s | & 22 " k) £ SEBT
2 TR 29 Z I SRNNNANNNINANASN .|_._ 3 pet o] 2 7 ¥ 7 ._.. o &.I jo N
PR R 2|3 R 1 e, HE N RN .mmmm
g = 58E 2 . — o TR -
] | B T2 /Mu Mma.m.m S |3 ’ T, 40 NS m..mﬂm
g 2 |z -~ =dg ] ~ o
- ¥ 5 : c £ ] — ]
£ z muul) mw%,mA g a SN 4 C.W%m
% E 3 2 ~EE e £ Y M,m =
° £ £ 32 A_mm % W /777777 M - 3 m.v.w m
e e | BEEE = > M OCE S e [ 5
RN & . N/ 03 mm eggessase-= ,IM JM Ww =
EEN wgmqa.m, g 2 28 8 =2 ° Y Qw ~oL =
==s = M nw, [ HW < =7 i (e
X RERFEEERE K v ke
cggseggee R 5 ;9 5
EFERE2ESR oo e 7 o (e )
7 S e )

. 0T 1104 ]
€26’ P25e62 0T |10

GZ0g Uo J1oe’niues ol wouy pepeojumo( ] [orve
[8T-2T- . .


http://dx.doi.org/10.29252/jcb.9.23.146
http://jcb.sanru.ac.ir/article-1-883-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.29252/jch.9.23.146 |

Yoy

WAF 5L IVY ojledd /oas Jlo [ sly; lalS oMol asliiangy

2 eyl g (Sid i ool Ol e o bo &S ol LS
Sl omizad 3 3529 d))%;'w Old daopd S o
O ow p» (gbme b (Sid g boyw i Jlae
Sl duslie JS5 oamlivo L (Y Jodn) 2l 2455 duoys
3o oliee cp i (F JS3) Loy 5 (Std (35 )loss
Lol s dopd Voo b by i pas jlog & bgype ail
S dopd Vee b lojur GBS &) Cund (o3 WY 38
VO L Lopw (a5 g Lojwr (A5 pae slajlass dlioe (o]
Dren 55 )5 sl s K e
LS| IRV A leur»uzzsuw&;.sf.\; sjlos
boy (25 pas (slayloss 18513 (g)lel 09,5 G 53 3
bl )I DLS U’Jl )L.: oy Voo A_Q)w l.s l.n).w u»..ug
dljx)lAg 4 Cowd oy YY 5 FY iliel wb 5 Sles
& Loy B Bpae b by (55 5 Loy i pas
Q@ Caws b dSles blod (g8 LialS wilosys Loy
dlise ol b al 0,Slae po )b sald olaylos
;MJ5)..SJ| ELS 9 w u] ,_5|9.>m &J435)l§ d)..fo)l.\:‘
Al 5,Sles o (¥ Jsia) 3,0 2525 (g)b pime (Siused
Sl Jds a0 Ol s (slgime a5 cusls (Lo (Y4) cudY
Sued balpd 5> glajyy cola Jus bl
SSuis i bls cod g )b 0Slee b s
SEE S gl Candy |y (P2 /FD) Sasen
Ol oo Slgie g 3 Slas yu (Ser ialS 4 yoxis
0,8las LialS jogad ) s opl @l (F) 25
5 Judg IS pasli b Siued o (S i Jlosl b &l
5 0o 9 (1) OhlSen 5 (b gt b cudg sl cuts
sl callas (V) o, San

S92 686 Sy ke Ay 3 (Sl i
s 56 @)y o e85l el sl als 5 Slas
il obasl glayadls ¢ b o Sles iolj8l g sute
Ol Cage (oS ol 5l dopd 00) (Sid was S
3Slas cplply b gl )bl 4 o aily 3, Sles
05 )l ol s Sl b (S0 by Jguae
oadls g Ol s lame ials g bl Sl
Al 53, Slas ol el oy xSl cuts ilibl g Judg, i
wor @ g by e pB) e S
P ¥ S IR 68y bl ol (L g 3)l9e (S
Lulyd )3 29800 dpogs 9 Cutly 1) 6Vl 3Slas ggoome
))5)1)3 oalaiwl ))}o.&w&lymay‘

Cudg Sl a0

3 Jgere blpd lalS b awlie ) a5 cov lals

EC (o9 5L cnl g i s n HYLEC

iloe sowMginw LS (5yl0b (g b oxmd L
5 20 S5 Rk Al > publy @i Jodo ()
dw g &89 bilite 5 ool gl y ol 5l g joy 00le
PO slbpe g (Sid g b G5 gb)les &8
o cnl 9y 2 Sdisine ;b 203 0 g o 9 G haw
S5 90 5l g 59y VA dls o 3 Lol (175 Y Jolaa) 92 1)l
o ool &l gy (g)lol bl I laad can opl U
GiSenyy (V Joi2) 35 Jlagne o oSS
I om Jgy Codid Conn dlogo )3 lady o 5 (SUiS L5
0095 Sy & Sl ol oamsplis (26 U5 )b
i I (S i balpd s YEe el S
VO olal dls o cpl )3 il oo 5l3)08 0 (2 VL clg Sl
i b Y8 QolS S dypmm g olS Sl oy
(¥ JSs) ol olaidl dgd a1y culs liwe oy s FA/Y
O Ll cou yieS Cudg Sl i g (ol slid ol
el » (Sis a Jood (ol S g
I sogine @l b @l ool (V) 3980 Cgace pylie
Lcash gl (M) olSen 5 (Fud abox I (i
i 4B dw Jlite S (1SSle dwolie Jodo odnlis
L (P US3) @) by 5 (Sis (Sojlope
2R Al ye 3 1) Culs Gliee 0 YL YE L ol S S
bulyd ) g le p (ugag)Sen POV olie b (20 JS
& g olS (ol s ae ) VO lal b (Sojleye i
e VB (bl b (Sojloyw Jil5 pas jla & Cass
Ay 3 Abbe hoyd VWY glis ol)ls olS
O lo J8 dloyo dilen (28 U5 0ol 5l e Jg) 020k
i S L oS plg (Sdjlope (5 & slales
59 oley Alaye j0 Sl e Ly 1y 65Vl Cuid o)
cely (Sl 15 bulyd 0 5 ol J5 )b 5l e
S 9 Foe alS s by > €l e 33, YL
Sywgerg 425 Wb (Sud G5 Lulyd 3 V8 ulS
2 45 03905 pel bgu 0lS (59 (oy 0 3 (V) )SKen
OB b duoliie 5> Cudg Sl Culs line ol A Ll
(V1) Bozyor 9 l3255 290y (St A5 e 5 Mo
2SS 35 o )l (s 4 Cuoglie (b)) 5
ole g odalie (iS4 5 pglie pB) (Jolo (lalis
OSe (Sl 15 0)9> Jsbo )3 (Job Lis LS oS 0o S
3L basye Jobo 53 35290 3031 g Glise 4
4 3 Slos

Wb Slee cido glp Gb)ly v Joo @l


http://dx.doi.org/10.29252/jcb.9.23.146
http://jcb.sanru.ac.ir/article-1-883-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.29252/jch.9.23.146 |

0¥ S ol oo (slgimo ( Judg lS adls Ol s p (SS9 Loy GES (iiSadp gy

&bo

1. Abd El-Rahim, M.F., G. Fahmy and Z.M. Mand Fahmy. 1998. Alterations in transpiration and stem
vascular tissues of two maize cultivares under conditions of water stress and late wilt disease. Plant.
Paiholgg%/, 47: 216-223.

2. Afarinesh, A., Gh. Fathi, S. Siadat, Kh. Alami Saeed and S. Ashrafzade. 2015. Effects of drought and
densty) on some agronomic characteristics of corn. Journal of Plant Production, 38: 13-23 (In
Persian).

3. Allen, R.G,, L.S. Pereira, D. Raes and M. Smith. 1998. Crop evapotranspiration-Guidelines for
computing crop water requirements. FAO Irrigation and drainage, 56 pp.

4. Andrade, F.H. and M.A. Ferreiro. 1996. Reproductive growth of maize, sunflower and soybean at

different source levels during grain filling, Fild Crop Research, 48: 155-165.

5. Andjelkovic, V. and R. ThomPson. 2006. Changes in gene expression in maize kernel in response to
water and salt stress. Plant Cell Reports, 25; 71-79.

6. Atteya, A.M. 2003. Alteration of water relations and yield of corn genotype in response to drought
stress. Plant Physiology, 29: 63-76.

7. A¥vazi, M., S. Sgedi, N. Gharayazi and M. Jirani. 2010. Effects of water stress on characteristics of
ditferent corn hybrids. Journal of Agricultural new findings, 3: 75-286 (In Persian).

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

9. Ciganda, V., A. Gitelson and J. Schepers. 2008. Vertical profile and temporal variation of chlorophyll
in maize canopy: quantitative crop vigor indicator by means of reflectance-based techniques.
Agronomy Journal, 100: 1409-1417.

10. Darvish balochi, M., F. Pakngjad and M. Ardekani. 2011. Effect of drought stress and some
micronutrients, foliar nutrition on chlorophyll fluorescence parameters, relative water content,
membrane stability and grain yield. Journal of Field Crop Science, 41:531-543 (In Persian).

11. Gregersen, P.L. and P.B. Holm. 2007. Transcriptome analysis of senescence in the flag leaf of wheat.
Plant Biotecnology, 5: 192-206.

12. Ghosh, P.K., K.K. Ajay, M.C. Bandyopadhyay, K.G. Manna, A.K. Mandal and K.M. Hati. 2004.
Comprative effectiveness of cattle manure, poultry manure, phosphocompost and fertilizer-NPK on
three cropping system in vertisols of semi-arid tropics. Dry matter yield, nodulation, chlorophyll
content and enzyme activity. Bioresource Technology, 95: 85-93. "

13. Hosseini, M.H. and M. Nasiri mahalati. 1994. The relationship between water and land in crops. 1
edn. Mashhad University Jihad Publications. Mashhad, 350 pp.

14.Huang, W., Z. Wang, L. Huang, D.W. Lamb, Z. Ma, J. Zhang, J. Wang and J. Zhaox. 2011.
Estimation of vertical distribution of chlorophyll concentration by bi-directional canopy reflectance
spectrain winter wheat. Precise agricultural, 12: 165-178.

15. Hashem, A., M.N. Amin Mujadar, A. Hamid and M.M. Hossain. 1998. Drought stress effects on seed
yield, yield attributes, growth, cell membrane stability of synthesized Brassica napus L. Journal
agronomy and Crop Science, 180: 129-136.

16. Jilian, A., R. Ghobadian, A. Shirkhani and A. Farnia. 2014. Effects of nitrogen and drought stress on
yield components, grain yield and quality of SC 704 corn. Journal of Agriculture Research and
Construction, 16; 102-251 (In Persian).

17.Kaman, H., C. Kirdaand S. Sesveren. 2011. Genotypic differences of maize in grain yield response to
deficit irrigation. Agric. Water Management, 98: 801-807.

18.Kirnak, H., C. Kaya, |. Tas and D. Higgs. 2001. The influence of water deficit on vegetative growth,
hysiology, fruit yield and quality in e%g plants. Plant Physiology, 27: 34-46.

19. Kocheva, K. and G. Georgive. 2003. Evaluation of the reaction of two contrasting Barley (Hordeum
\zlglgare L.) Cultivars in response to osmotic stress with Peg 6000. Journa Plant Physiology, 3: 290-

20. Lafitte, R. 2002. Relationship between leaf relative water content during reproductive stage water
deficit and grain formation in rice. Field Crop Research, 76: 165-174.

21.Liang, Y., Q. Chen, W. Liu, Z. Zhang and R. Ding. 2003. Exogenous silicone ?Si) increases
antioxidant enzyme activity and reduces lipid per oxidation in roots or salt- stressed barley (Hordeum
Vulgare L.). Journal Plant Physiology, 99: 872-878.

22.Lukatkin, A., A. Brazaitye, C. Bobinas and P. Duchovskis. 2012. Chilling injury in chilling-sensitive
plants: arev. Zemdi Agriculture, 99: 111-124.

23. Mohammadkhani, N. and R. Heidari. 2007. Effect of drought stress on protective enzyme activities
and lipid peroxidation in two maize cultivars. Pakestan Journal Biol o%y Science, 10: 3835-3840.

24.Nayyar, H. and D. Gupta. 2006. Differential sensitivity of C3 and C4 plants to water deficit stress:
Association with oxidative stress and antioxidants. Environmental Experimental Botany, 58: 106-113.

25.Nezami, A., J. Rezai and B. Alizade. 2011. Tolerance to cold stress in some species of Grasses by
Electrolyte Leakage Test. Journal of soil and water, 5: 1019-1026 (In Persian).

26. Pessarkli, M. 1999. Hand book of Plant and Crop Stress. Marcel Dekker Inc, 697 pp.

27.Pormosavi, SM., M. Galoi and J. Daneshian. 2006. Evaluation of manure application on soybean |eaf
chlozrgghzycl)lzgcontent and membrane stability under drought conditions. 9" Congress of Crop Sciences,
pp: 2Us-2Uc.

28.Raison, JK., G.A. Berry, RA. Armond and C.K. Pike. 1980. Membrane properties in relation to the
adaptation of plants to temperature stress. In: Turner, N.C. and P.J. and Kramer. Adaptation of Plants
to water and high temperature stress. John Wirly and Sons, 261-273.


http://dx.doi.org/10.29252/jcb.9.23.146
http://jcb.sanru.ac.ir/article-1-883-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.29252/jch.9.23.146 |

VOb WAF 5L IVY ojledd /oas Jlo [ sly; lalS oMol asliiangy

29. Schlemmer, M.R., D.D. Francis, J.F. Shanahan and J.S. Schepers. 2005. Remotely measuring
3hlor(;?héll7l content in corn leaves with differing nitrogen levels and relative water content. Agronmy

ournal, 97 pp.

30. Schonfeld, M.A., R.C. Johnson, B. Carver and D.W. Morhinweg. 1988. Water relation in winter
wheat as drought resistance indicator. Crop Scieance, 28: 526-531.

31. Shikhi, A., K. AfShaaer rezai, H. Rnji, S. Mosavi anzabi and M. Roshdi. 2012. Effect of drought
stress on physiological traits of maize genotypes. Journal of Crop Production in Environmental Stress,
3:1-14 (In Persian).

32. Siddique, M.R.B., A. Hamid and M.S. Islam. 2000. Drought stress effects on water relations of wheat.
Batany Bull acadmi sinece, 41: 35-39.

33.Silva, M.D.A., J.L. Jifon, JA.G. Da Silva and V. Sharma. 2007. Use of physiological parameters as
fast tools to screen for drought tolerance in sugarcane. Plant Physiology, 19: 193-201.

34.Sinclair, T.R. and M.M. Ludlow. 1985. Who thought plant thermodynamics the unfulfilled potential
of plant water potential Aus. Journal Plant Physiology, 33: 312-317. _

35.Singh, B.R and B.P. Singh. 1995. Agronomic and physiological responses of sorghum, maize and
pearl millet to irrigation. Field Crop Research, 42: 57-67. ) _ -

36.Singh, T.N., D. Aspinall and L.C. paleg. 1972. Proline accumulation and varietal adaptability to
drought in barley, a potential metabolic measure of drought resistance. Natural new biology, 236:
1880-1990.

37. Spaeth, S.C., H.C. Randau, T.R. Sinclair and J.S. Vendeland. 1984. Stability of soybean harvest
index. Agronomy Journal, 76: 482-486.

38. Stone, P.J,, D.R. Wilson, J.B. Reid and G.N. Gillespie. 2001. Water deficit effects on sweet corn: |.
\{\(I)gtelrlgse, radiation use efficiency, growth and yield. Australian Journal Agricultural Research, 52:

39. Shiri, M. and R. Choukan. 2017. Evaluation of Maize Hybrids Tolerance to Drought Stress. Journal of
Crop Breeding, 9(21): 89-99. (In Persian).

40. Shahriarinasab, M., R. Choukan, M. Khodarahimi, A. Masomi and S. Khavarikhorasani. 2015.
GenotypexEnvironment Interactionf or Grain Yield of Maize HybridsUsing the GGE Biplot. Journal
of Crop Breeding, 7(16): 123-129 (In Persian).


http://dx.doi.org/10.29252/jcb.9.23.146
http://jcb.sanru.ac.ir/article-1-883-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-18 ]

[ DOI: 10.29252/jch.9.23.146 |

Journal of Crop Breeding VoI. 9, NO. 23, AULUMN 2007 ...... oottt et et et et et et et et e et e e e 156

Examining Interactions of Chilling and Draught Stresses on Chlorophyll (SPAD),
RWC, Electrolyte L eakage and Seed Performancein Three Hybrid Varietieso
Maize

Mohsen Tarighaleslami®, Mohammad K afi?, Ahmad Nezami® and Reza Zar ghami*

1 and 3- Graduted PhD student and professor, Ferdowsi University of Mashhad
2- Professor, Ferdowsi University of Mashhad (Corresponding author: m.kafi @ um.ac.ir)
4- Faculty of Science, Department of Biotechnology, Kargj
Received: April 25, 2016 Accepted: July 13, 2016

Abstract

Chlorophyll, RWC, eectrolyte |eakage and seed performance of three maize hybrid varieties
under draught and chilling stress conditions were examined. The experiment was carried out in
split-split plots using random completely blocks design with three replications in 2013-2014 in
research farm and greenhouse Mashhad University of Ferdowsi, Agronomy Faculty. The main
plot was chilling stress at two levels (present and absence of chiIIing stress); the subplot were
drought stress at three levels (100% irritation, 75% irritation, and 50% irritation); sub-subplot
was maize hybrid variety (single cross 704, single cross 400, and single cross 260). Results
showed that stress conditions affected SPAD so that draught stress declined RWC and stability
of c%/toplasm membrane. The highest RWC and stability of cytoplasmic membrane were seenin
single cross 260 and 400. Mutua effects of the treatments showed that the chilling and 100%
irritation single cross 704 treatments had the highest SPAD. In addition, SPAD, RWC, and
electrolyte leakage at the end of season decreased relative to the emergence time of male
inflorescence. In presence of chilling and draught stresses, single cross 400 had higher
performance comparing with the two other hybrids. This, in turn, indicates better performance
of such treatment comparing with the other hybrids.

Keywords: Maize cultivar, Membrane stability, Single cross, SPAD, Tass
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