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Comprehensive abstract

Introduction

Low diversity and poor genetic basis of germplasm in temperate regions is a significant challenge
in maize breeding. Maize germplasms from tropical and subtropical regions often contain a broader
genetic base and show larger diversity than germplasms from temperate regions. Therefore, it seems
that foreign germplasms, especially germplasms from tropical and subtropical regions, can be used as
a potential solution to strengthen the genetic base of germplasm in temperate regions. However, the
efficiency of screening methods to identify superior and suitable sources of foreign germplasm
remains a major challenge. The objective of this study was to determine the optimum number of testers

and select suitable testers for screening maize lines derived from tropical and subtropical CIMMYT
germplasm.

Materials and methods

In this experiment, three testers of temperate regions (MO17, B73, K1264/5-1) were crossed with
25 lines originated from the CIMMYT maize germplasm based on linextester mating system. A total
of 75 crosses along with the control hybrid (SC704) were evaluated in alpha-lattice experimental
design in two replications each with four incomplete blocks in two regions (Moghan and Jiroft).
Analysis of variance was done based on line xtester method, as well as separation of the effect of
crosses into its components using the method suggested by Kemptorn (1957). GGE-biplot graphical
analysis based on the methodology proposed by Fan et al. (2010) was also used to estimate the effects
of general combining ability (GCA) and specific combining ability (SCA).

Research findings

The results showed that out of the 75 crosses, 32 crosses had higher and significant grain yield
compared to the control hybrid SC704. The superiority of the superior cross compared to the control
hybrid ranged from 1.46 to 3.77 tons per hectare. These findings highlighted the potential of utilizing
tropical and subtropical CIMMYT germplasm to enhance maize yield in temperate regions of Iran.
Based on the results, the lines No. 22, 9, 19, 12, 20, 5, 17, 21, 24, 14, 15, 23, and 11 had the highest
positive GCA for grain yield, respectively. In general, in terms of grain yield, GCA, and SCA, it is
possible to directly use lines No. 4, 5,9, 11, 12, 19, 22, and 24 extracted from tropical and subtropical
CIMMYT germplasm to improve grain yield in temperate regions. Evaluating the efficiency of the
temperate maize testers also showed that two testers B73 and MO17 were highly efficient in selecting
superior line derived from tropical and subtropical CIMMYT germplasm.
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Conclusion

The results of the current study showed that it is possible to use maize germplasms from tropical
and subtropical regions of CYMMIT to improve grain yield in temperate regions. Also, one temperate
maize tester has the ability to distinguish superior sources (not all of them), although the use of two
testers greatly reduces the risk of not choosing (deleion) a superior source.
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Table 1. Maize parental lines used in the mating program based on line X tester model

No. Code' Pedigree No. Code’ Pedigree
1 L1 YS16B-168-7 15 L15 YS16B-158-12-1
2 L2 JH13A-520-161/2 16 L16 YS16B-158-54
3 L3 YS15B-160-49 17 L17 YS16B-158-103-2
4 L4 YS16B-164-37 18 L18 YS16B-160-60
5 L5 JH15A-506-7 19 L19 YS16B-163-9
6 L6 YS16B-154-67 20 L20 YS16B-163-18
7 L7 YS15B-154-30 21 L21 JH16A-508-22
8 L8 JH15A-501-47 22 L22 YS16B-163-23
9 L9 YS16B-154-36 23 L23 YS16B-163-35
10 L10 JHI5A-501-50 24 L24 YS16B-163-36
11 L11 JHI5A-501-12 25 L25 YS17B-167-51
12 L12 JHI5A-501-39 26 T1 K1264/5-1 (tester)
13 L13 JHI5A-501-58 27 T2 MO17(tester)
14 L14 JHISA-501-64 28 T3 B73(tester)

TL, line; T, tester.
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Table 2. The results of analysis of variance of maize grain yield based on line X tester mathod

Source of variation df Mean square
Environment (E) 1 4200.109*
Replication/Environment (R/E) 2 1.67508ns
Crosses (C) 74 4.266719"
Line GCA (LGCA) 24 5.08992"
Tester GCA (TGCA) 2 8.335695™
Line x Tester (SCA) 48 3.690545™
CxE 74 4.750917*
LGCA xE 24 4.543015™
TGCA xE 2 6.371361"
SCA X E 48 4.787349™
Error 135 1.029397

" *and ** Not-significant and significant at 5% and 1% probability levels, respectively.
¥ LGCA, general combining ability fof lines or line ffect; TGCA, general combining ability for testers or tester
effect, T x L (SCA), specific combining ability or line and tester interaction.
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Table 3. Grain yield and its rank for crosses obtained from 25 lines derived from CIMMYT germplasm crossed
with the three temperate maize testers

No. Cross Grain yield (t/ha) Rank No. Cross Grain yield (t/ha) Rank
1 L1xT1 9.55 57 39 L14xT2 10.59 26
2 L2xT1 9.25 65 40 L15xT2 10.43 32
3 L3xT1 8.26 72 41 L16xT2 10.27 38
4 L4xT1 11.49 9 42 L17xT2 12.16 2
5 L5xT1 9.58 56 43 L18xT2 9.45 62
6 L6xT1 7.97 76 44 L19xT2 10.25 39
7 L7xT1 8.82 68 45 L20xT2 11.06 17
8 L8xT1 10.25 40 46 L21xT2 10.95 22
9 LOxT1 10.66 24 47 L22xT2 11.06 18
10 L10xT1 10.67 23 48 L23xT2 10.34 36
11 L11xT1 11.66 5 49 L24xT2 11.26 12
12 L12xT1 10.55 29 50 L25xT2 8.67 70
13 L13xT1 9.84 49 51 L1xT3 10.10 43
14 L14xT1 10.95 21 52 L2xT3 8.75 69
15 L15xT1 11.25 13 53 L3xT3 10.19 41
16 L16xT1 10.05 45 54 L4xT3 8.15 73
17 L17xT1 9.64 53 55 L5xT3 10.97 20
18 L18xT1 991 48 56 L6xT3 9.59 54
19 L19xT1 11.62 7 57 L7xT3 10.42 33

20 L20xT1 10.40 34 58 L8xT3 9.22 66
21 L21xT1 10.50 31 59 LOXT3 11.33 11
22 L22xT1 12.74 1 60 L10xT3 8.01 74
23 L23xT1 11.17 14 61 L11xT3 9.53 59
24 L24xT1 9.59 55 62 L12xT3 9.95 46
25 L25xT1 11.10 15 63 L13xT3 9.70 52
26 L1xT2 9.81 50 64 L14xT3 9.54 58
27 L2xT2 10.58 27 65 L15xT3 9.35 64
28 L3xT2 10.17 42 66 L16xT3 8.48 71
29 L4xT2 10.99 19 67 L17xT3 10.08 44
30 L5xT2 11.39 10 68 L18xT3 9.46 61
31 L6xT2 10.34 37 69 L19xT3 11.64 6
32 L7xT2 9.41 63 70 L20xT3 10.63 25
33 L8xT2 991 47 71 L21xT3 10.38 35
34 LOxT2 11.87 4 72 L22xT3 11.52 8
35 L10xT2 11.07 16 73 L23xT3 9.52 60
36 L11xT2 9.75 51 74 L24xT3 10.52 30
37 L12xT2 11.91 3 75 L25xT3 10.58 28
38 L13xT2 7.99 75 76 SC704 8.97 67
fLSDs¢, 1.4523 1.4523
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Fig 1. Line x tester analysis of 25 female and three male parents of maize for grain yield using GGE-biplot method.
A) Average tester coordination (GCA and SCA), B) Biplot polygon view to identify the best crosses, C) Biplot for
ideal tester, D) Biplot for ideal line.
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Table 4. Grain yield ranks of crosses obtained from 25 lines derived from CIMMYT germplasm crossed with the
three temperate maize testers

Line/Tester K1264/5-1 MO17 B73
L1 21 20 11
L2 22 12 22
L3 24 18 10
L4 4 9 24
L5 20 4 4
L6 25 14 15
L7 23 23 8
L8 14 19 21
L9 10 3 3
L10 9 6 25
L11 2 21 17
L12 11 2 13
L13 17 25 14
L14 8 11 16
L15 5 13 20
L16 15 16 23
L17 18 1 12
L18 16 22 19
L19 3 17 1
L20 13 7 5
L21 12 10 9
L22 1 8 2
L23 6 15 18
L24 19 5 7
L25 7 24 6
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Table 5. The superior six lines selected by each tester and by different combinations of testers

Tester T1 T2 T3 T12 T13 T23 T123
L22 L17 L19 L22 L3 L9 L22

L11 L12 L22 L9 L2 L22 L9

Selected L19 L9 L9 L4 L24 L5 L19
lines L4 L5 L5 L12 L12 L17 L12
L15 1L.24 L20 L19 L21 L19 L20

L23 L10 L25 L17 L16 L12 L5

T T, Tester; T1, K1264/5-1; T2, MO17; T3, B73; T12, two testers (T1 and T2); T13, two testers (T1 and T3); T23,
T23, two testers (T2 and T3); T123, three testers (T1, T2 and T3).
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Table 6. Identifying the superior lines among the lines selected by each tester or different combinations of testers

Superior lines Tl T2 T3 T12 T13 T23 T123
L4 S - - S - - -
L5 - S S - - S S
L9 - S S S - S S
L11 S - - - - - -
L12 - S - S S S S
L17 - S - S - S -
L19 S - S S - S S
L22 S - S S - S S
L24 - S S - S - -

T T, Tester; T1, K1264/5-1; T2, MO17; T3, B73; T12, two testers (T1 and T2); T13, two testers (T1 and T3); T23,
T23, two testers (T2 and T3); T123, three testers (T1, T2 and T3).
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Table 7. Spearman’s rank correlation for grain yield rank of crosses obtained from 25 lines with three testers studied
in this experiment

Tester T1 (K1264/5-1) T2 (MO17) T3 (B73)
T1 (K1264/5-1) 1
T2 (MO17) 0.085 1
T3 (B73) -0.013 0.152 1

Table 8. Pearson’s correlation coefficient for average grain yield in different combinations of testers

Tester Tl T2 T3 T12 T13 T23 T123
Tl 1
T2 0.102 1
T3 0.112 0.126 1
T12 0.778" 0.704™ 0.161 1
T13 -0.216 0.131 0.065 -0.071 1
T23 0.142 0.754™ 0.747" 0.578" 0.130 1
T123 0.672" 0.622° 0.622° 0.873" -0.025 0.828" 1

** Significant at 1% probability level.
T, Tester; T1, K1264/5-1; T2, MO17; T3, B73; T12, two testers (T1 and T2); T13, two testers (T1 and T3); T23,
T23, two testers (T2 and T3); T123, three testers (T1, T2 and T3).
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