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دهايبرييمطالعه شاخص ها
Study of selection indices for drought tolerance in some of grain maize hybrids
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يييانگيييتغ-۱
Table 1. Changes in mean of grain yield and its components under normal and drought stress conditions

Normal
تنش

Stress
يي

Variation (%)صفتTrait

Rows/ earي15.5813.7211.93
Kernel/ ear rowي38.2223.3638.88

4.203.7610.47Ear diameter
591.11292.9150.50Kernel No/ear

0.830.7015.03Kernel depth
Hectolitreتري696.00612.1012.05
207.84146.9429.301000 Kernel Weight

4.703.4227.23Kernel diameter
7.867.319.93Kernel width
6.0934.16031.72)(Yield (t/ha)

د هايبرييتحمل -۲
Table 2. Estimation of drought tolerance indices in grain maize hybrids

.ي% ٥،،ن هايانگيم-
Means, in each column, followed by similar letters are not significantly different at the 5% probability level , using Dancan's
Multiple Range Test.
Yp = Yield potential    Ys = Yield in Stress    TOL = Tolerance Index      MP = Mean Producivity      Harm = Harmonic Mean
GMP = Geometric Mean Productivity SSI = Stress Susceptility Index          STI = Stress Tolerance Index

ي ـبريهNS540BC678دهايبريهن شاخصي
ن شـاخص ي ـبرتـر . ي

ر ي) MP(ين حسـاب يانگي ـمبه نسبت 
). ۲(يحساسYPYSمختلف 

TOL

باشـد  

BC462OSSK499

TOLشـاخص  . شـدند 

به نوعي TOLع شاخص .مناسب 

STIHarmSSIGMPMPTOLYsYp*HybredsEntry
0.654.870.734.924.961.314.31gf5.62fhegBC5821
0.373.591.343.733.872.092.83i4.92jBC6782
1.146.301.246.506.713.285.07b8.35aBC5043
0.292.951.933.283.663.232.05m5.28hiNS5404
0.684.980.765.035.081.414.38gf5.79feBC6665
1.106.330.726.386.441.685.60a7.28cbBC6526
0.494.141.184.264.382.023.37k5.39hgBC5727
0.634.750.964.834.911.764.03ih5.79feMV5028
0.494.131.294.284.432.293.29k5.58fhgKSC5009
0.674.960.584.985.011.034.50ef5.53fhgOSSK49910
0.574.590.514.614.630.834.22gf5.05jiBC46211
0.674.930.754.985.021.354.35gf5.70fegDSSK44412
0.865.541.065.665.792.364.61ed6.97cBC40413
0.765.280.645.315.351.224.74cd5.96cBC41814
0.815.241.425.475.723.334.06ih7.39bKSC32015
0.915.730.945.825.922.084.88cb6.96gKSC30216
0.664.890.754.944.991.364.31gf5.67fegKSC25017
0.845.560.645.605.641.285.00b6.28dKSC26018
0.694.881.295.055.232.713.88ij6.59dKSC64719
0.554.421.054.524.611.853.69j5.54fhgKSC70420
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).۲(ي
)SSI ( بــا توجــه بــه

BC462, د هــايــبريه

OSSK499د يــبريدهايــبري
NS540KSC320دهايبري

يـا  SI. شدند
ي ـ

۶۸۳/۰)۲.(
(SSIشــاخص 

SSIشاخص ).۱۳۸۱

يغ
 .

هيبريـد ،ئ
BC504

). ۲(هيبريد متحمل شناسايي نشد
GMP ،STIي

Harmــتگ ييهمبســ
ن شاخص يي، )۳(% ۱

د ي ـبري

.(Fernandez, 1992) ،
شاخص

) (
. هـا معرفـي مـي شـوند    

شاخص
ن يبــيهمبســتگ. باشــند

ت بـه  يط ت ـي
، )MP(متوسط . يمنف)  SSI(تنش

،  )GMP(يين هندســـيانگيـــشـــاخص م
يــيانگيــ) STI(شــاخص تحمــل تــنش   

)Harm(يي، همبســتگ
ر ي ـم شاخص هايريگيجه ميب نتين ترتيبد. 

گــزينش 
ــا ي ــا نتـ يبـ

)۳ .(SSITOL

باشـد  يمتحمـل م ـ پ هـا ي ـييپا
ن تحقيـق بـا   ي ـينتا.ييبالايهمبستگ

(Fernandez, 1992)افته هـا ي

شـــاخص هـــا ي. )۱۳۸۱(
برتر توسـط  د هايبرينش هيگزيي

. ييشاخص ها به نحو مطلوب
)Fernandez, 1992 (
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(
)C.(

ي)
)D .(

A

.
سـه بعـد  يبريه

 .
X

Yها
Z. يبـد

) B ،DC(ها Aها

x-y

A,C ,BD ــد ــه بن ــق طبق طب
)Fernandez, 1992 ( هـا شكلينتا. ديتقسيم
.۶تا ۱

TOL

،BC462OSSK499

.شناســايي شــدندهيبريـدها 
TOLــا ،نييپ

Aدن ـ
C)يب م ـي ـن ترتيبـد ). ۱شكل

 .

TOLYp

TOLYs مثبت مي باشـد .
CA  نمـي باشـد .

يميانگين حسابايMPشاخص

BC504 ،BC652KSC302

. شــدند
Aيبري۲شكل

ي).۲شكل(گرفتند 
MPشاخص 

 .
GMP

،BC504دهاي ـبريه.مي باشدپ هايتحمل نسبي 
BC652KSC302 ،

، GMPMP.شدند
A

Harm).٣شـــكل(

BC652 ،BC504ب ي ـبـه ترت يهاهيبريد

KSC302ن ي. شناسايي شدندبرتر پ هاي
ييدهاي ـبري. Aيبريه

علت Aخط بلند
ــا ي ســه ب

).۵شكل(يگر ميدهايبريه
SSI

BC462ي ـ

OSSK499د يــبريدهايــبري
NS540KSC320دهايبري

دهاي ـبرييملاحظه م ـ۴شكلبا توجه به .شدند
د ي ـبريCيي

KSC320Aــ ن ي
يي. 

SSI

SSI. محيط تنش شد

AC   ٤شـكل (نمـي باشـد.(
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Fig. 1. 3-D graph for drought tolerance in maize hybrids based on TOL index
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Fig. 2. 3-D graph for drought tolerance in maize hybrids based on MP index
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Fig. 3. 3-D graph for drought tolerance in maize hybrids based on GMP index
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Fig. 4. 3-D graph for drought tolerance in maize hybrids based on SSI index
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Fig. 5. 3-D graph for drought tolerance in maize hybrids based on Harm index
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Fig. 6. 3-D graph for drought tolerance in maize hybrids based on STI
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1 91 51 61 36397241 81 42 081 11 051 21 71

  - 7 6 . 8 2

  - 1 7 . 8 8

   4 1 . 0 6

  1 0 0 . 0 0

S i m i l a r i t y

O b s e r v a t i o n s

يهيبريد هاي-۷شكل

Fig. 7. Dendrogram of cluster analysis of maize hybrids based on tolerance and susceptibility indices and
grain yield

STI

BC504،BC652KSC302، بــه عنـ ـ
ــا  ــد ه ــدند هيبري ــايي ش ــل شناس . متحم

د هـا ي ـبريه.Aير
NS540BC678يبري، ه

. رفتنـد گDيم
ين(Fernandez, 1992)يجينتا

STIشاخص 

ACB)٦شكل.(
يابي ـبا توجه به شـاخص هـا  

ييي
يبريهنديپي

). ۷شـكل (ين
شـكل 

د هـا يبريه۰۶/۴۱يخط
يي

.م شدندين تقسييپا
، BC582 ،KSC250پ هـا ي ـي
DSSK444 ،BC666 ،OSSK499BC462يم

يMV502KSC704ديبري
هـم بـه   BC418KSC260د يبريي

۱۰ب ي ـن ترتي ـ. ي
. يهيبريد ها

۶تـا  ۱وبه نم
دهايبريي

C .ي ـدهاي ـبريه
يانگي ـن ميTOLSSIشاخص ها

يييي
يي

). ۷شكل(Cم بنديتقس
د هـا ي ـبريي۷شـكل با توجه به 

NS540 ،BC678 ،BC572KSC500ــ يـ
متوجـه  سـه بعـد  . 

ــ ــويمـ يشـ
(Fernandez, 1992)ي، هيبريد هاD

ييي(ن طبقه بندي
 ( .

ــ ، TOLSSIي
دهاي ـبريه. يبرين هييبالاتر

BC504 ،BC652 ،BC404 ،KSC302،
KSC320KSC647 .ــ يــ

STI،Harm،GMPMPشاخص ها

يي ـبرين هي
ر يي ـن هيبريـد هـا  يانگي ـ
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سـه  ). ۷شكل(ي
. رنديگيAدبع

MP ،Harm ،STIي

GMPر بالاي
ل يبـا توجـه بـه پتانس ـ   يباشـد، همگ ـ يمتحمل به تنش م ـ

دها ي ـبريييبري
BC504BC652د ي ـبريط تنش، هي

NS540BC678د هـا ي ـبريد هايبريه

هـا ي.
، BC504 ،BC652 ،BC404يـــــــبري

KSC302،KSC320KSC647ي

ــي  ــل م ــندمتحم ــاخص.باش MP ،Harm ،STIش

GMPط يي ـبريي، با توجه به پتانس
BC504BC652يبري

NS540BC678د هـا ي ـبريد هايبريه

بـا  يي. 
ن شـاخص هـا شـبيه    ي ـييي

ي. 
ــبريه ،BC504 ،BC652 ،BC404 ،KSC302يـــ

KSC320KSC647

.

ييين شاخص هايبيهمبستگ–۳
Table 3. Correlation between different drought tolerance indices and grain yield under normal and drought

stress conditions
YP YS TOL MP GMP SSI HARM STI

YP 1
YS 0.61** 1
TOL 0.51* -0.35 ns 1
MP 0.90** 0.89** 0.10 ns 1
GMP 0.85** 0.93** 0.0016 0.99** 1
SSI -0.09ns -0.71** 0.89** -0.32 ns -0.42 ns 1
HARM 0.80** 0.96** -0.091 0.97** 0.99** -0.50* 1
STI 0.88** 0.90** 0.063 ns 0.99** 0.99** -0.36 ns 0.98** 1

%۱% ۵يب معنيبه ترت: ***
* and ** : Significant at 5% and 1% levels of probability , respectively.

ns :
ns: Non-Significant
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Study of selection indices for drought tolerance in some of grain maize hybrids

Jafari, A1., R. Choukan2, F. Paknejad3 and A. Pourmaidani4

ABSTRACT
Jafari, A., R. Choukan, F. Paknejad and A. Pourmaidani. 2007. Study of selection indices for drought tolerance in some

of grain maize hybrids. Iranian Journal of Crop Sciences. 9(3): 200-212.

To study the drought tolerance in some of grain maize hybrids, this study was carried out in Qom province in

2006 cropping season. Twenty maize hybrids were evaluated in randomized compelet block design with four

replications , in two separate expriments, under normal irrigation(30% depletion of available water) and drought

stress (60% depletion of available water). Results of analysis of variance for grain yield and its components

showed variation among hybrids under normal and drought stress conditions. The highest yield under normal and

stress conditions belonged to hybrids BC504 and BC652, repectively. While, hybrids BC678 and NS504 showed

the lowest yield under normal and stress conditions, respectively. To evaluating the response of hybrids to

drought stress, different indices, including, Stress Susceptility Indices (SSI), Harmonic mean (Harm), Tolerance

index (TOL), Mean Producivity (MP), Stress Tolerance Index (STI) and Geometric Mean Productivity (GMP)

were used. Different indices revealed hybrids BC504 , BC652 , BC404 , KSC302 , KSC320 and KSC647 as

tolerance under stress condition. STI , MP , GMP and  Harm indices, were identified as suitable indices to be

used in applied maize breeding programs. These indices showed the highest corrolation between grain yield

under normal and drought stress conditions.

Key words : Maize, Hybrid , Drought stress, Normal condition, Tolerance indices, Grain yield
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