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Abstract: Rainfall fluctuations have affected maize productivity, adversely impacting the feed industry
in Thailand. Therefore, developing new Fy maize hybrids with high yields and high levels of drought
tolerance could help alleviate yield losses for field maize growers. This study aimed 1) evaluate drought
tolerance in hybrid maize 2) assess the combining ability and heritability of drought tolerance in hybrid
maize to determine a pattern of gene action controlling drought tolerance trait. Twelve Fq crosses
were developed via North Carolina mating design Il and tested in a 2 x 12 factorial in a randomized
complete block design with 2 replications, totaling 48 experimental units. The first treatment factor
was 12 Fq crosses, whereas the second one was the watering regimes, categorized as well-watered
and water-stressed for a specific period. The fresh weight of husked ears was recorded, and a stress
tolerance index was calculated. ANOVA and mean comparison analyses showed that the fresh weights
of Ki48 x Nei542010 and Nei452004 x Nei542010 were high under both water-stressed and well-watered
regimes, along with a high value of stress tolerance index. Furthermore, this study found that drought
tolerance in Fy maize was genetically controlled by additive gene effects. Hence, selecting parental
inbred lines with homozygous alleles for drought tolerance could enhance the drought tolerance of
F1 hybrid. High narrow-sense heritability was also observed in this study. Therefore, careful parental
selection is the first important step in developing drought-tolerant single cross-hybrids, which could

decrease maize yield losses caused by rainfall fluctuations.

Keywords: Combining ability, North Carolina mating design I, Narrow-sense Heritability, Stress tolerant

index
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Table 1 North Carolina Mating Design Il with 12 F1 progenies.
Female parents Male parents
Nei9202 Nei542010

Ki48 Ki48 x Nei9202 Ki48 x Nei542010

Ki53 Ki53 x Nei9202 Ki53 x Nei542010

Ki59 Ki59 x Nei9202 Ki59 x Nei542010
Kei1421 Kei1421 x Nei9202 Kei1421 x Nei542010
Nei452004 Nei452004 x Nei9202 Nei452004 x Nei542010
Nei492006 Nei492006 x Nei9202 Nei492006 x Nei542010
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Vvt (TDW) WL Bvianana 3 THARINEN
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(crosses x watering) Auareansoiy SPAD 40
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waviiladiAsziA1ANLLslsauTeg
FTRATINNUNIUADANTNLATLAUDIAN 1 DY
Wnineln (STIFW) wul One-way ANOVA W11
ANANTNAN AT RFATHAINNUNIUER AN N

- J e oima

wzeln (P < 0.01) luanush uaenlulanananig

P
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Table 2 Analysis of variance (ANOVA) of Difference SPAD and LR at 39 and 40 DAP fresh weight (FW) of 12 F1 progenies
under different watering regime (water stress and well water) and stress tolerance index (STI).

MS
Sov df Diff SPAD 39  Diff SPAD40  Diff LR39  Diff_LR 40 FW TDW
DAP DAP DAP DAP

block 1 0.2 1.047 2.3* 0.81 1 8
cross 11 13.5%* 2.159 3.6%* 2.02%* 1094*** 877+
watering 1 1748.9%* 27.165*** 326.1%** 176,417 16272"**  12459***
Cross x watering " 8.5%** 2.827* 2.9 2.31%* 293 195%**
Residuals 23 0.6 1.003 0.4 0.31 35 31

Remark: *P< 0.05, **P < 0.001

Table 3 Analysis of variance (ANOVA) of stress tolerance index (STI) of FW with 12 F1 progenies under different watering

regime (water stress and well water).

sov df ss MS F-value Pr(>F)
Block 1 0.002 0.002 0.285 0.604
Cross 11 1.727 0.157 24.387 3.89x10™% **
Residuals 11 0.071 0.006

Remark: **P < 0.001

nsfBeuflauAeandaedE Least
significant difference (LSD) WudnsaluanIn
and wazananliiiing ANAN Kid8xNei
542010 (94.987 WAY 66.475 NTU) WA Neid52004
xNei542010 (74.66 8L 59.135 N3d) Wenaat
sl ﬁﬂﬂ’]ﬂﬁi’]@@x‘igﬂ WL roludnmoz
FW waz TDW &y (Table 4) uazianmossd
ﬁmLuéﬁmmeﬁ@u%’ﬂ\mmugmjﬂdﬁ@;Nau@jéu

(Figure 1) %q@ﬁﬂnﬁ@ﬁ@a‘mﬁﬁnwmmmmuq’
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(Diff_LR 39 DAP) @mmﬁﬂﬂﬁqm (2.35 L TURLNRAT)
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37.30 ganalFHAn mi@%l@@mm 7.56 (ug cm’ 2)
el b ey mmnumwuﬁ@u y fifldn SPAD
anas Annalsladasanasanulldae 3 lkisiude
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N19ANHUe Effendi et al. (2019) WU31 MY
duusuansiiudinisdaulurestninading
Iﬁﬂ?uﬁmﬁﬁﬁuﬁwﬁm@ﬂuqq auundaeslunay
fasnas mﬁ“m:mﬂ?mmﬁﬂﬁuﬁmﬁm@ﬂﬂﬁ’@fg
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Table 4 Analysis of variance (ANOVA) with LSD test table for SPAD, LR (39 and 40 DAP) FW and TDW of 12 F1crossed
under water deficit condition (upper) and well water (lower).

[ crosses Diff_SPAD 39 Diff_SPAD 40 Diff_LR 39 Diff_LR 40 FW TDW
DAP DAP DAP DAP

Kei1421xNei542010 9.50 ef 1.82 abcdefgh 3.8 cd 3.90 cde 56.75 * 44.89 '
Kei1421xNei9202 8.65 f 1.42 cdefghi 3.05 de 2.80 ef 3599 " 2459 '
Ki48xNei542010 14.12 ¢ 0.47 efghijk 235 e 1.90 f 94.98 * 66.47
Ki48xNei9202 8.41 f 2.52 abcde 2.95 de 3.05 def 56.83 32,97 “

ﬁ Ki53xNei542010 14.34 bc 3.56 ab 4.60 bc 3.10 de 68.67 " 53.70 "
@ Ki53xNei9202 11.92 d 1.93 abcdefg 540 b 3.40 de 4247 " 29.14
§ Ki59xNei542010 9.39 ef 1.46 cdefghi 585 b 7.05 a 71.49 O 43.75
Ki59xNei9202 10.92 de 0.13 ghijk 477 bc 397 cd 4950 " 33.57 M
Nei452004xNei542010 16.72 a 275 abc 820 a 490 bc 74.66 o 59.13 &
Nei452004xNei9202 14.84 bc 1.70 bcdefghi 4.80 bc 6.00 ab 5151 30.71 !
Nei492006xNei542010 10.35 de 2.32 abcdef 575 b 3.00 def 65.75 3580 M
Nei492006xNei9202 15.79 ab 378 a 4.83 bc 4,03 cd 4233 " 2452
Kei1421xNei542010 246 g 2.60 abcd -0.65 fg 035 g 79.04 56.73 O
Kei1421xNei9202 1.33 gh 0.61 defghij -1.20 gh 0.20 g 7427 5212 "
Ki48xNei542010 0.99 ghi 1.46 cdefghi -0.45 fg 070 g 117.93 * 9.61 *°
_ Ki48xNei9202 0.78 hi 0.44 fghijk 0.70 fg 04 g 117.66 80.43
§ Ki53xNei542010 0.76 hij 0.34 fghijk 2.00 h 0 g 82.09 " 71.58 *
= Ki53xNei9202 0.63 hik  -1.51 k -0.80 fgh 0.30 g 64.575 ' 43.47 ™
= Ki59xNei542010 0.26 hijk 1.61 bcdefghi -0.20 fg 0.10 g 104.985 856 ™
Ki59xNei9202 -0.55 ijkl 0.48 efghijk 0.30 f 0g 80.615 58.33
Nei452004xNei542010 0.79 jkl -0.35 ijk 0 fg 010 g 128.675 ° 106.535 °
Nei452004xNei9202 0.92 0.91 jk -0.10 fg 010 g 11122 ™ 77.25 °°
Nei492006xNei542010 -1.60 | -0.15 hijk -0.10 fg 0 g 90.865 62.445 "
Nei492006xNei9202 -3.26 m 1.19 cdefghi -0.30 fg 0.15 g 100.91 °*  74.825 °*

mean 6.044583 1.238125 2.09 2.0088 77.659 56.0508

Fovalue .

LSD 1.576657 2.071906 1.2588 1.1547 12.2014 11.4874

CV% 12.60904 80.89413 29.1162 27.7869 7.5951 9.9072
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Figure 1 Mean comparison with Least Significance Difference test at 0.01 significant level of 12 F1 crosses for ear weight
in grams per plot under water stress and well water conditions.
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Figure 2 Mean comparison with Least Significance Difference test at 0.01 significant level of 12 F1 crosses for stress

tolerance index.
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Table 5 Estimates of general combining ability (GCA) under well-water (WW) water stress (WS) and Stress tolerance
index of 8 parental lines

lines FW_Ww FW_WS STI_FW

Males

Nei542010 4 10.354*** 12.805**

Nei9202 -4 -10.354*** -12.805**
Females

Kei1421 -19.833*** -18.312*** -12.872**

Ki48 17167 20.062*** 16.66**

Ki53 -22.333 -4.312 -3.675*

Ki59 -0.333 1.188 1.25

Nei452004 25.667*** 5.188 3.838*

Nei492006 -0.333 -3.812 -5.202*

Remark: *P< 0.05, **P < 0.01

Table 6 Estimates of specific combining ability (SCA) for Stress tolerance index of 12 F1 crosses

F1 crosses FW_WW FW_WS STI_FW
Kei1421xNei542010 -3 0.146 -2.425
Kei1421xNei9202 -4 -3.229 2.425
Ki48xNei542010 6.5 4.146 6.272*
Ki48xNei9202 4.5 -0.354 -6.272
Ki53xNei542010 1.5 -7.354 0.292
Ki53xNei9202 -5.5 6.646 -0.292
Ki59xNei542010 3 -0.146 -1.813
Ki59xNei9202 4 3.229 1.813
Nei452004xNei542010 -6.5 -4.146 -1.23
Nei452004xNei9202 -4.5 0.354 1.23
Nei492006xNei542010 -1.5 7.354 -1.095
Nei492006xNei9202 5.5 -6.646 1.095
Genotypic Variance (VG) 391.730 248.505 0.078
Phenotypic Variance (VP) 410.518 292.828 0.084
Additive variance (VA) 749.124 1.250 0.100
dominant variance (VD) 297.218 4.833 0.005
Narrow sense heritability (h2) 0.703 0.187 0.903
Dominance Ratio 0.891 2.781 0.307

Remark: *P < 0.05
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