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Study of the possibility of using Tropical Highland maize hybrids

in Temperate Regions of Iran
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Table 1. List of tropical highland intermediate-late and early studied hybrids

Intermediate- late Hybrids =« o (o)1 o) o lo 520 (slonts o0

Early Hybrids P o35 slad pon

1- CMS 009502
2- CMS 009542
3- CMS 009544
4- CMS 009548
5- CMS 009550
6- CMS 009514
7- CMS 019502
8- CMT 019502
9- CMT 019504
10- CMT 019506
11- CMT 019508
12- KSC 647

1- CMS 009164
2- CMS 009150
3- CMS 009014
4- CMS 009102
5- CMS 009392
6- CMS 009064
7- CMT 009058
8- CMT 009086
9- CMT 009002
10- CMT 009082
11- CMT 019004
12- KSC 647
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Table 2. Analysis of variance of highland intermediate-late hybrids for studied traits in Karaj

Sl S lie 3T 4y =56 5, SEG s, Kt 26 4 g gl s oy gb /. 13 5 Shes
S.0.V. df DTT DTS ASI PHT Mo% Grain yield
Replication 2 14.583 40.528 6.778 669.272 5.641 4.324
Factor A 11 16.48™ 84.505** 45.051**  1739.98** 8.928™ 9.286**
Error 22 8.068 15.58 10.929 71.425 6.978 2.754

'/'\)%odb‘d‘“)g)':@”‘ib&”x"\ﬁ;ﬁQZ**)*LnS

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval PHT: Plant height

Mo%: Grain moisture%
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Table 3. Analysis of variance of highland intermediate-late hybrids for studied traits in Gorgan

Sl lie T arys 266 s, IG5, Kt 26 5 sl FHIASY) als 3 Shes
S.0.V. df DTT DTS ASI PHT Mo% Grain yield
Replication 2 1.861 20.333 13.361 4.923 0.662 0.633
Factor A 11 43.93** 77.67** 18.26** 299.36™ 5.445** 2.825™
Error 22 2.952 5.364 4.028 139.45 1.199 2.901

ARYA Jw\ch.d,g,us;uul;@u,__e%;q:**j*Lns

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval PHT: Plant height

Mo%: Grain moisture%
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Table 4. Analysis of variance of highland intermediate-late hybrids for studied traits in in Darab

Sl e @il 260 5, S5 5, K 268 G5 g §ls gyl &ls 3 Shese
S.0.V. df DTT DTS ASI PHT Mo% Grain yield
Replication 2 0.861 0.778 2.194 257.79 12.601 0.338
Factor A 11 6.081* 5.717™ 0.081™ 112.18™ 3.769™ 2.653*
Error 22 2.194 2.747 0.376 67.467 2.279 0.915

'/A,'/oJus,léwﬁjbwu\v#,,e%;@:**}*Lns

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval PHT: Plant height

Mo%: Grain moisture%
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Table 5. Analysis of variance of highland intermediate-late hybrids for studied traits in Dezful

Sl lie o374y 6 5, BEG Kt 26 Suplyl s Cusbyl 6l 5 Sles
S.0.V. df DTT DTS ASI PHT Mo% Grain yield
Replication 2 4.861 13.861 11.361 11.444 1.144
Factor A 11 6.838** 17.664** 3.846™ 481.3** 0.938™
Error 22 1.346 4.316 2.604 100.08 1.086

Kk %

./.\}'/.Odwé-\c]du)b)‘:&xﬂs)\b@uj:b%ﬂ. s NS

Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT

DTT: Days to tasseling DTS: Days to silking
Mo%: Grain moisture% YLD: Grain yield
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ASI: Anthesis to silking interval PHT: Plant height
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Table 6. Mean comparison of highland intermediate-late hybrids for studied traits in Karaj

At L6 s, B, S 26 G gl ls ysb ) wls 5 Slas
Hybrid DTT DTS ASI PHT Mo% YLD (ton/ha)
1 66.67 bc 80.33 bc 13.67 b 261.9 bc 21.40 ab 5.511 abcd
2 64.33 bc 75.33 cd 11.00 bc 262.6 bc 24.37 ab 8.292 a
3 72.00a 86.33 ab 1433 b 281.7a 22.83ab 3.596 d
4 66.33 bc 76.00 cd 9.667 bc 273.1ab 22.77 ab 8.090 a
5 66.67 bc 87.67 a 21.00 a 251.9cd 23.67 ab 5.499 abcd
6 66.33 bc 76.00 cd 9.667 bc 258.4 b 22.07 ab 5.750 abcd
7 67.33 ab 82.00 abc 14.67 b 241.3 de 24.00 ab 4.682 bced
8 66.67 bc 76.33 cd 9.667 bc 236.3 e 21.63 ab 4.480 cd
9 66.00 bc 79.67 bc 1367 b 267.5 abc 25.80a 2.989d
10 66.67 bc 80.00 bc 1333 b 264.1 bc 23.57 ab 4.372 cd
11 65.33 bc 71.33d 6.000 c 241.3 de 25.03 a 6.838 abc
12 61.67 c 70.33d 8.667 bc 189.2 f 19.57 b 7.750 ab

s e LS L;Sjl: Glaals Lz 05057 5370 Jlaz>| Clﬂ"ﬁ Sl e olT Dslss oS zia Loy - sh&:ij\.f WOgw )3
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT

DTT: Days to tasseling DTS: Days to silking
Mo%: Grain moisture% YLD: Grain yield
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ASI: Anthesis to silking interval

Vo

PHT: Plant height
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Table 7. Mean comparison of highland intermediate-late hybrids for studied traits in Gorgan

NV =86 5, BEG s, 6 268 < plisl Gl oy sb /. 4l 3 Shes
Hybrid DTT DTS ASI PHT Mo% YLD (ton/ha)
1 60.67 de 66.33 b 14.00 a 2543 a 24.13 abcd 3.889 ab
2 60.00 de 66.67 b 12.67 a 263.0a 23.13 cde 3.688 ab
3 68.67 a 73.67 a 12.00 a 252.3a 21.83e 3.096 ab
4 64.00 bc 65.00 b 14.00 a 264.0a 23.57 bede 2.686 ab
5 66.00 ab 74.33 a 15.33 a 261.7 a 26.10a 3.315ab
6 57.67 ef 64.00 b 14.00 a 252.3a 22.50 de 2.467 ab
7 61.67 cd 70.67 a 12.00 a 251.3a 25.47 ab 2.803 ab
8 60.00 de 66.00 b 9.333a 245.0 ab 23.07 cde 2.113b
9 65.00 b 71.00 a 8.000 a 258.7 a 23.23 cde 4.247 ab
10 65.67 ab 74.67 a 13.00 a 266.3 a 25.07 abc 2.580 ab
11 59.67 de 63.67 b 9.333a 254.7a 23.20 cde 3.998 ab
12 55.67 f 58.00 c 11.67 a 229.7b 21.97e 5.592a

Aas o LS L;Sjl: Glaals L 05057 370 Jlaz| Cla.a 23 ol e T Lslis oSz oy - b éu&_i}\.:.a IR
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield

33 Sdas 035 ol K3 Gbla 1 i S 33 0 53 (s p 35 50 SLapDip 5 0355 )8 L
ol 52 0T 032 Vb WS 5 506 5 52 5 b L rU U5 b o Gl bl [l 313 5wl
365 pde 5l S s 5 an J i 5 ol omt 2l Dl Sl (U LS e S adkas s S
Wl bl 4 aaaSlp 5 48 ol (5,8 5L oAl Laa w5 ol slits bl | adlats
@,;@N)\fjur_s,gww,wﬁtw,\

Slls ailste )3 850 GBI o) 23t g Sy ooy p 3550 Dlis GS0be 4 e A J sl
Table 8. Mean comparison of highland intermediate-late hybrids for studied traits in Darab

NTJ =86 5, BE G5, st b8 55 gl Gl Cysb i 6l 5 Shes
Hybrid DTT DTS ASI PHT Mo% YLD (ton/ha)
1 54.00 bc 57.00 abc 15.00 a 260.6 ¢ 22.43 bc 11.14 bcd
2 57.00 a 60.00 a 15.00 a 278.9ab 23.93 abc 10.74 bcd
3 54.67 ab 57.67 abc 1333 a 275.1 abc 23.27 abc 10.61 bcd
4 55.67 ab 58.67 ab 9.000 a 273.9 abc 23.00 abc 10.83 bcd
5 54.33 abc 57.67 abc 12.00 a 275.5 abc 24.10 abc 12.19 ab
6 53.67 bc 57.00 abc 13.00 a 273.9 abc 24.00 abc 11.78 abc
7 54.33 abc 57.67 abc 10.00 a 266.7 bc 25.80a 10.77 bcd
8 53.00 bc 56.33 bc 1233 a 277.2 ab 2143¢c 10.91 bcd
9 55.67 ab 58.67 ab 13.67 a 274.8 abc 23.83 abc 10.28 cd
10 55.67 ab 58.67 ab 1167 a 282.8a 22.83 bc 10.66 bcd
11 51.67c 54.67 c 8.667 a 269.5 abc 23.27 abc 9.856 d
12 53.67 bc 56.67 bc 11.67 a 266.7 bc 24.70 ab 1335 a

s e Ol Qgil: slaals di Q)n)'T).s'/.O Jlez>I éaM): Gols sne ol &gl oS e [Py L;La;}.:ij\.:» [P
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield
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Table 9.Mean comparison of highland intermediate-late hybrids for studied traits in Dezful

NUJY BTy IS 55, S 268 5 gl 613 5, Sles
Hybrid DTT DTS ASI PHT cm YLD (ton/ha)
1 57.00 bc 63.33 abc 6.333 ab 236.0 bede 5.839a
2 57.00 bc 64.00 ab 7.000 a 251.3ab 6.451a
3 59.33a 65.00 a 5.667 ab 237.7 bed 6.120 a
4 56.33 bcd 62.33 abcd 6.000 ab 260.7 a 6.477 a
5 57.67 ab 64.33a 6.667 a 237.3 bed 7.395a
6 55.00 cd 60.00 cde 5.000 ab 239.7 be 7.395a
7 57.67 ab 65.00 a 7.333a 220.3 de 7.191a
8 55.00 cd 60.33 bede 5.333 ab 246.0 abc 6.783 a
9 57.00 bc 63.33 abc 6.333 ab 229.0 cde 6.987 a
10 58.00 ab 64.67 a 6.667 a 248.7 ab 6.477 a
11 54.33d 59.00 de 4.667 ab 249.0 ab 7.701a
12 55.00 cd 58.33 e 3.333b 218.0¢e 6.936 a

s o5 Olas STl (glatels i O 03T 4370 Jlez! las 5> ‘5)l:L§;~ﬁL5JL~TQjLGdf,:.‘:..«;')jfl{‘_gl.a;,;jl.:uo}mja):

Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield

TS w53 o o BN 3395 S yud (o) g 3550 Dlao bl 4 s -\ gl
Table 10 . Analysis of variance of highland early maturity hybrids for studied traits in Karaj

Sl lie o374y N BT G, st 268 S plis Gl oy sb /. 4ls s Slee
S.0.V. dF DTT DTS ASI PHT Mo% Grain yield
Replication 2 0.361 4,778 3.083 1283.95 54.498 5.28
Factor A 11 8.331™ 12.323™ 10.01* 2030.58** 19.91* 9.383**
Error 22 8.24 16.141 3.205 271.63 8.309 2.609

ARYA Jw\c@);,u@u‘,u@f%;g:**,*‘ns

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval
Mo%: Grain moisture%

PHT: Plant height

O 3 ailata 5 e8P 0395 Sk pp (s 3550 Sl by 4 V) o
Table 11. . Analysis of variance of highland early maturity hybrids for studied traits in Gorgan

Sl 3T 4y =6 5, KEG s, 6 26 5 plis als Sy b/ 4l 3 Shes
S.0.V. dF DTT DTS ASI PHT Mo% Grain yield
Replication 2 14.333 0.083 15.750 1302.083 0.322 1.217
Factor A 11 15.818* 47.58** 16.67™ 332.01™ 8.108** 5.976*
Error 22 4.97 4.144 7.447 159.21 1.645 2.408

ARYA JL_;>\C1=.~)>)1>‘_¢'M,13‘_,;”,_;Y,_:;Ag.:**,*‘ns

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively
DTT: Days to tasseling DTS: Days to silking  ASI: Anthesis to silking interval
Mo%: Grain moisture%

PHT: Plant height
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Table 12. Analysis of variance of highland early maturity hybrids for studied traits in Darab

Sl lie @liTarys 2650 s, IG5, 6 268 S plis Gl oy sb /. als 3 Shes
S.0.V. dF DTT DTS ASI PHT Mo% Grain yield
Replication 2 2.778 2.194 1.361 796.03 2.804 0.062
Factor A 11 2.929"™ 1.301"™ 1.24* 153.96™ 4.678™ 7.752**
Error 22 1.535 1.346 0.482 189.69 4.001 0.749

ARYA JL%;,\CL)J,I;_,-,..‘J;@L@%;q:**,*‘ns

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively

DTT: Days to tasseling
Mo%: Grain moisture%

DTS: Days to silking  ASI: Anthesis to silking interval

PHT: Plant height

Js855 adkte )3 a5 o (LBl s395 Sl ot (o) 3050 Dlie uilsls 4 i VY
Table 13. Analysis of variance of highland early maturity hybrids for studied traits in Dezul

Sk e 3T e 6 5, EG s, 6 268 5 plis! als Sy b/ als 3 Shes
S.0.V. dF DTT DTS ASI PHT Mo% Grain yield
Replication 2 1.583 1.194 1.361 168.58 2.973 1.776
Factor A 11 3.341** 3.475** 1.301™ 330.76™ 1.647™ 4.265**
Error 22 0.765 0.679 0.846 310.614 0.899 0.773

I

TN 570 Szl o 53 )13 ne 513 ora b o 4 XK 5018

ns, * and ** : Not significant, significant at probability levels 5% and 1%, respectively

DTT: Days to tasseling
Mo%: Grain moisture%
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DTS: Days to silking ASI: Anthesis to silking interval

\Vo¥

PHT: Plant height
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Table 14. Mean comparison of highland early maturing hybrids for studied traits in Karaj

NVgS BTy G, L 268 5 i 61> S gl s 5 Shae
Hybrid DTT DTS ASI PHT cm Mo% YLD(ton/ha)
1 59.33 ab 68.67 a 9.333 abc 200.5 abc 20.97 abcd 2.326 cd
2 59.33 ab 68.00 a 8.667 abc 207.5 ab 24.43 ab 5.509 ab
3 61.33 ab 73.00 a 11.67 ab 194.6 abcd 23.33ab 5.633 ab
4 60.33 ab 71.67 a 11.33 ab 1205 f 16.33d 2.353 cd
5 60.33 ab 69.33 a 9.000 abc 180.5 bcde 21.90 abc 4.747 abc
6 61.33 ab 71.00a 9.667 abc 174.0 cde 2477 a 1.878 cd
7 63.67 a 72.00a 8.333 bc 1579e 21.93 abc 2.176 cd
8 61.00 ab 68.67 a 7.667 ¢ 179.1 bede 21.77 abcd 3.101 bed
9 62.67 ab 74.00 a 11.33 ab 166.9 de 17.67 cd 1.005d
10 61.00 ab 68.67 a 7.667 ¢ 1545¢ 20.43 abcd 3.537 bed
11 57.33b 69.33a 12.00 a 214.1a 22.43 abc 6.690 a
12 62.00 ab 68.33 a 6.333 ¢ 168.1 de 18.83 hed 2.703 hed

e e OLE O§3|> Slaals L 0 93T 4370 dL«J?-‘cb‘d)b Sols sne bl sl ¢S zi J)J;-\“gl.ad:ijl:.a Qg A )3

Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield

08 8 aile )5 Pl 039 Sl yor (o) 2 35 50 Slas e anglie =10 Uy
Table 15. Mean comparison of highland early maturing hybrids for studied traits in Gorgan

RTINS L6 5, KEG s, Kt 6 55 plisl Gl g sb als 3 Shee
Hybrid DTT DTS ASI PHT cm Mo% YLD(ton/ha)
1 61.00 a 67.67a 7.333 cde 231.3 bed 18.90 cd 3.534 abc
2 55.33 bc 59.67 ef 6.000 e 258.3a 19.73 bc 5.705 ab
3 53.33¢c 58.00 f 8.333 bcde 239.3 abcd 2260 a 3.797 abc
4 56.67 bc 64.00 abcd 9.333 abcde 240.7 abcd 22.87a 3.092 be
5 57.00 abc 60.33 def 8.667 abcde 255.7 ab 21.97 ab 3.052 bc
6 57.33 abc 64.67 abc 7.000 de 237.3 abcd 21.83ab 1.652 ¢
7 57.67 ab 64.00 abcd 8.333 bcde 229.3d 21.80 ab 2412¢
8 55.67 bc 63.33 bcde 12.33 a 235.0 abcd 20.10 be 2.369c¢c
9 58.33 ab 66.67 ab 8.333 bede 239.3 abcd 21.80ab 1.857 ¢
10 57.00 abc 61.33 cdef 10.67 abcd 252.3 abcd 21.13 abc 3.271bc
11 53.33¢ 60.00 ef 11.00 abc 254.3 abc 20.60 abc 3.132 bc

12 53.33¢ 53.33¢g 11.33 ab 230.0cd 17.27d 6.345a

s e OLES Qi.}\.s Glatals ki 35037 370 Jlez| c]d_a).\ ol sne bl sl oS zie oy > L L;Lh&:iil:.a O a3
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield
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Table 16. Mean comparison of highland early maturing hybrids for studied traits in in Darab

RTINS N TS EG s, Kt 26 55 plis Gl Sy sb /. als 3 Shee
Hybrid DTT DTS ASI PHT cm Mo% YLD(ton/ha)
1 53.67 a 56.67 ab 3.000 b 246.7 a 22.53 ab 1191 b
2 54.67 a 57.33a 2.667b 226.0a 24.10 a 9.049e¢
3 51.00 b 56.00 ab 5.000 a 227.7a 23.40 ab 9.482 de
4 53.00 ab 56.00 ab 3.000 b 2270a 21.60 ab 9.856 cde
5 53.00 ab 56.00 ab 3.000 b 232.3a 23.00 ab 10.86 bcd
6 53.00 ab 56.00 ab 3.000 b 235.3a 22.20 ab 10.34 bcde
7 52.33ab 55.00 b 2.667b 226.7a 20.30 ab 9.396 de
8 53.67 a 56.33 ab 2.667b 234.0a 22.70 ab 10.13 cde
9 52.33ab 55.33 ab 3.000 b 231.0a 21.93 ab 9.784 de
10 52.67 ab 55.67 ab 3.000 b 2410a 19.90 b 10.77 bcd

11 54.33a 57.00 ab 2.667b 245.0a 20.77 ab 11.46 bc
12 53.67 a 56.33 ab 2.667b 230.0a 22.03 ab 1499 a

s e Ol ;{S}l: Slaals dim 05037 5370 Jlaz>| cknﬂ): Gl sne bl sl oS zie oy > L L;La;}.:iil:» O s A )3
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield

Js353 adlaia 55 w5 o (2Ll 0355 Sl joh (o) 2 35 50 Dl Sk dglie VY J s
Table 17.Mean comparison of highland early maturing hybrids for studied traits in Dezfu

RTINS 86 5, KEG s, Kt 26 55 gl 4l g sb als 3 Shes
Hybrid DTT DTS ASI PHT cm Mo% YLD(ton/ha)
1 55.67 a 59.67 a 4.000 ab 2457 a 26.23 a 8.240 a
2 54.33 ab 59.33 ab 5.000 ab 236.0 ab 25.57 ab 5.582 cd
3 52.00c 57.67 cd 5.667 a 212.7 ab 26.63a 6.580 bc
4 53.67 bc 59.00 abc 5.333a 206.0 b 25.17 ab 4.495d
5 53.33 bc 58.00 bcd 4.667 ab 232.7ab 25.37 ab 6.966 abc
6 53.33 bc 58.00 bcd 4.667 ab 232.3ab 25.43 ab 8.502a
7 53.00 bc 58.33 abcd 5.333a 232.7 ab 25.37 ab 6.235 bc
8 53.33 bc 58.33 abcd 5.000 ab 229.0 ab 24.03b 6.351 bc
9 53.00 bc 57.67 cd 4.667 ab 229.0ab 26.20 a 8.277a
10 52.33¢ 55.67 e 3.333b 229.7 ab 25.80 ab 7.494 ab
11 52.33 ¢ 57.00 de 4.667 ab 235.0ab 25.33ab 6.905 abc
12 54.67 ab 58.67 abc 4.000 ab 233.3ab 26.77 a 6.025 bed

s e OLES Qi.}\.s Slaals dim 5037 5370 JL&"C}G‘“*\ Gl sne bl sl oS zie oy > L L;La;}.:iil:» O s A )3
Means with the same letter in each column, are not significantly different at probability level of 5% using DMRT
DTT: Days to tasseling DTS: Days to silking ASI: Anthesis to silking interval PHT: Plant height
Mo%: Grain moisture% YLD: Grain yield
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Study of the possibility of using Tropical Highland maize hybrids
in Temperate Regions of Iran

R. Choukanl, S. A. Mosavatz, A. Afarinesh3, A. Estakhr® and R. Moeini’

ABSTRACT

Intermediate-late and early tropical highland maize hybrids, were evaluated in two seperate experiments.
Each experiment included 11 hybrids and one adapted commercial hybrids, KSC 647(medium maturity), using
randomized complete block design with 3 replications and carried out in 4 locations of Iran (Karaj, Gorgan,
Darab and Dezful) in 2002 cropping season. Results indicated that these type of hybrids performed better
adaptation for synchronized pollen shedding and silk emergence in Darab and Dezful. These germplasm were
not useful for Gorgan and Karaj, where they produced low yield due mainly to high anthesis-silking interval
(ASI). Although, these hybrids are not suitable to be used directly, it would possible to use them as a knew
genetic resources, specially for incorporating tolerance to early season low temperature, as they are originated
from highlands.

Key Words: Maize, Temperate, Highlands, Tropical, Hybrid
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