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Evaluation of maize (Zea mays L.) inbred lines for drought stress tolerance
Mahrokh, A.%, Shiri, M.R.2, Golzardi, F.® and Ghotbi. V.*
ABSTRACT

Mahrokh, A., Shiri, M.R., Golzardi, F., and Ghotbi. V. 2025. Evaluation of maize (Zea mays L.) inbred lines for drought
stress tolerance. Iranian Journal of Crop Sciences. 27(1): 1-22. (In Persian).

Introduction: In dry and semi-arid climatic conditions of Iran, drought stress is one of the major limiting factors
for grain yield in maize (Mahrokh et al., 2021). As one of the most important cereal crops in ensuring food
security and feeding the growing global population, maize holds significant importance. However, due to its high
sensitivity to water deficit, its grain yield is considerably reduced under drought conditions. Therefore,
identifying and selecting drought-tolerant genotypes with acceptable yield performance is of paramount
importance. The objective of this experiment was to evaluate maize inbred lines under normal irrigation and
drought stress conditions. The effect of drought stress on phenological, morphological, grain yield, yield
components and irrigation water productivity was assssed. The drought-tolerant genotypes were selected for
being utilized in maize breeding programs.

Materials and Methods: The experiment was conducted as an alpha lattice design (7x6) with 34 maize inbred lines
(at the S4—Ss stage) sourced from the country’s hot and dry regions, supplemented with six inbred lines from temperate
regions and two check lines (MO17 and Byrs). The experiment was arranged in two replications and six incomplete
blocks per replication, with seven entries per block, under two irrigation regimes (normal irrigation and drought stress)
in two growing seasons (2022 and 2023) at the Seed and Plant Improvement Institute, Karaj, Iran. In the normal
irrigation treatment, irrigation was applied after a cumulative evaporation of 50 mm from a class A evaporation pan,
while in the drought stress treatment, irrigation was applied after 90 mm evaporation from a class A evaportation pan.
Days to tassel emergence, days to pollination, days to silk emergence, anthesis-silking interval (ASI), plant height,
number of leaves per plant, ear length, ear diameter, number of grains per plant (GPP), 1000 grain weight (TGW),
grain yield, grain moisture content, hectoliter weight, and irrigation water productivity (WP) were measured during
growing seasons and after harvest.

Results: Drought stress had significant impact on all phenological characteristics of maize inbred lines. Under
normal irrigation conditions, the mean days to tassel emergence varied from 69.2 to 80.7 days, while under
drought stress this period increased to 71.7-84.7 days. Similarly, days to pollination under normal irrigation
conditions ranged between 71.3 and 83.1 days, and under drought conditions, this period extended from 75.1 to
88.9 days. Line 10 showed the shortest duration days to pollination, while line 19 had the longest. Drought stress
significantly reduced plant height, TGW, GPP, and hectoliter weight. Under normal irrigation, line 19 and 2 had
the highest and lowest TGW (431 and 237 g, respectively). However, under drought stress conditions, line 36
had the highest TGW (349 g), and line 12 the lowest (190 g). Line 35 produced the highest grain yield with
10530 kg.ha* under normal irrigation and 7222 kg.ha* under drought stress. This line also had the highest WP
under normal irrigation conditions (1.75 kg.m®) and under drought stress (1.16 kg.m™).

Conclusion: The results of this experoiment demonstrate that the responses of maize inbred lines to normal irrigation and
drought stress conditions were complex and multidimensional. The observed delays in flowering stages under drought
stress, along with significant reductions in TGW, GPP, and WP, indicated the negative impact of water deficit on growth
and reproductive processes in maize inbred lines. However, the considerable genetic variation among the evaluated inbred
lines provides a solid foundation for selecting and incorporating desirable genes, such as high grain yield and enhanced
drought tolerance, in breeding programs. Inbred lines 35, 27, 6, 31, 15, 24, 32, 33, and 28 were identified as the promising
lines under drought stress, while inbred lines 35, 6, 32, 31, 15, and 33 were deemed suitable under normal irrigation
conditions. Overall, inbred line 35 performed superior for both grain yield and water productivity under both conditions,
and could be utilized for development of drought-tolerant hybrids in maize breeding programs.
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Table 1. Maize genotypes characteristics used in the experiment

oyled b slapY oyled b slapY
Number Maize lines  Number Maize lines
1 25/1-1-1-1 22 25/18-3-1-1
2 25/1-2-1-1 23 35/1-1-1-1
3 25/1-2-2-1 24 35/2-1-1-1
4 25/1-3-1-1 25 35/2-2-1-1
5 25/1-5-1-1 26 35/10-1-1-1
6 25/1-6-1-1 27 35/16-3-1-1
7 25/1-6-2-1 28 Maternal line of Karounl
8 25/1-8-1-1 29 Maternal line of Karoun2
9 25/2-1-1-1 30 Maternal line of Karoun3
10 25/2-2-1-1 31 Paternal line of Mobin
11 25/3-1-1-1 32 Paternal line of Daniyal
12 25/4-2-1-1 33 Maternal line of 607
13 25/5-2-1-1 34 Maternal line of 608
14 25/5-3-1-1 35 K3541/4
15 25/6-3-1-1 36 K19
16 25/8-1-1-1 37 MO17
17 25/10-2-1-1 38 B73
18 25/11-2-1-1 39 K47/221
19 25/12-2-1-1 40 K47/421
20 25/14-1-1-1 41 K47/3
21 25/14-2-1-1 42 K18

Mw)ﬁ}n}f@&l&h&):\éhwyA:K.MJAL;ZY'A}VVGLAJY)JAJBZFY GYO sl (ol Jl- 53 XF LY laopY
Lines 1 to 34: in the process of purification, lines 35 to 42: pure, and lines 37 and 38: checks. All maize lines are

late-maturity group

ile 3T el s 53 ST ol 5 (S0 sla S35 Y s

Table 2. Physico-chemical properties of soil at the experiment site

e A bty A
oSl il Silt Clay Sand K P JS 05s 5 SISl gl 8 s
Soil texture (%) (mg.kg?) Total N (%) EC (dS.m™?) pH
wotd 35 33 31 247 11 0.06 2.1 73
Clay-loam
¢
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Table 3. Meteorological information of the experiment site

b S5k Sk
Mean temperature (°C) Precipitation (mm)
VE VELY VFY VFY

Month ol 2022 2023 2022 2023
May cigs,) 155 16.7 47 26
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Aug. s e 25.1 27.4 0 0
Sep. By 21.8 21.9 0 0
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Table 4. Mean comparison of phonological traits of maize genotypes in irrigation treatments (2022 and 2023)

8 S 565, Sedles S 55,
Days to tassel emergence Days to anthesis
Sy ses s Full Drought Variation Full Drought Variation
Maize genotypes Mean irrigation stress (%) Mean irrigation stress (%)
1 78.2¢c-1 75.5b-d 80.99-j 7.0 80.5e-m 77.70-d 83.2f-i 7.2%
2 77.0b-j 75.8b-d 78.1c-h 29 80.0c-m 78.7b-d 81.2b-h 3.2
3 76.5b-j 76.0b-d 76.9a-h 11 79.0b-k 78.7b-d 79.3a-i 0.8
4 75.9b-h 75.2b-d 76.7a-i 20 78.5b-g 774b-d  79.5a-g 2.7
5 76.8b-j 76.2b-d 77.3c-h 14 78.9b-i 781b-d  79.7a-g 20
6 75.3b-g 74.4a-c 76.2a-g 24 77.8bce 76.6a-c 79.0a-i 31
7 76.0b-h 75.6b-d 76.4a-9 11 78.6b-h 77.9b-d 79.3a-i 18
8 79.8d-m 78.6c-e 80.90-j 29 82.4i-n 82.1cd 82.7c-h 0.8
9 73.9ab 72.8ab 75.0a-c 30 75.7ab 74.5ab 76.8a-d 32
10 70.5a 69.2a 71.7a 3.7 73.2a 71.3a 75.1a 53
11 75.4b-k 74.7a-c 76.1a-g 20 77.8b-e 77.2bc 78.4a-f 1.6
12 75.7b-f 74.9bc 76.6a-g 2.2 78.5b-g 776b-d  79.4ag 24
13 76.1b-j 75.7b-d 76.6a-h 1.3 78.6b-h 77.5b-d 79.7a-9 29
14 76.9b-j 75.9b-d 77.8c-h 25 79.7c-m 79.0b-d 80.3a-h 17
15 77.9¢- 77.3b-d 78.4c-h 15 80.9e-m 79.9b-d  81.8b-h 2.3
16 77.6¢-1 77.1bd 78.2c-h 14 79.9c-m 79.1b-d 80.7a-h 20
17 77.7¢ 76.8b-d 78.5¢-h 23 8l.1e-m 80.1cd 82.2c-h 2.6
18 76.2b-j 74.7bc 77.7¢c-h 4.0 78.3b-g 76.7a-c 79.9a-h 4.1
19 82.7m 80.7¢ 84.7j 5.0 86.0n 83.1d 88.9j 7.1
20 77.8c- 75.5b-d 80.2¢+j 6.2 80.2e-m 775b-d  83.0c-h 7.0
21 80.6lm 78.8c-e 82.3f+j 44 82.7kn 79.9b-d 85.4h-j 6.9
22 76.7b-j 75.3b-d 78.2c-h 38 79.3b-l 77.3bc 81.4b-h 54
23 79.7j-m 77.2b-d 82.1h-j 6.3 81.8g-m 79.3b-d  84.3g 6.3
24 79.0e-l 79.5¢cd 78.5¢-h -12 8l.1e-m 81.7cd 80.5a-h -15
25 78.8f-1 77.7b-d 79.9¢+ 2.8 81.1e-m 79.9b-d 82.3c-h 31
26 79.1f-m 77.6b-d 80.69-j 39 81.5e-m 79.2b-d  83.8f 5.7
27 74.9bc 75.1bc 74.7a-c -0.5 77.1b-f 77.2bc 77.0a-e -0.2
28 76.4b-j 75.7b-d 77.1a-h 18 78.4b-g 77.6b-d 79.1a-i 20
29 75.4b-k 74.7bc 76.0a-g 18 77.6b-j 76.9a-c 78.3a-f 1.8
30 76.6b-j 76.0b-d 77.2a-h 16 79.0b-1 78.1b-d  80.0a-h 23
31 77.1b-1 77.2bd 76.9a-h -04 79.4¢c-m 79.4b-d 79.4a-g9 0.1
32 77.8c- 75.7b-d 79.9¢+j 5.6 80.4e-m 78.0b-d  82.9c-h 6.3
33 80.1e-m 78.9cd 81.3g 31 83.1mn 81.1cd 85.09-j 48
34 80.2i-m 78.1b-d 82.2¢e- 53 82.3d-m 80.0b-d  84.6g-j 5.7
35 75.3b-g 75.7b-d 74.8a-c -1.1 77.8b-j 78.0b-d 77.5a-C -0.6
36 79.4h-m 78.2b-d 80.69-j 31 82.3h-m 81.3cd 83.3f+j 24
37 77.2b-1 76.0b-d 78.4c-h 33 79.3b-1 78.4b-d 80.2a-h 2.3
38 78.9f- 78.7c-e 79.1c-h 0.6 81.8g-m 81.7cd 81.9b-h 0.2
39 73.7ab 73.4a-¢ 74.0a-d 09 76.5a-C 76.4a-c  76.5ab 0.2
40 78.8f- 77.3b-d 80.2b-j 3.7 81.5g-m 80.3cd 82.8c-h 32
41 78.4c-l 78.0b-d 78.8c-h 11 82.6l-n 82.0cd 83.3f-i 1.6
42 78.9f- 77.7b-d 80.1c+j 31 80.6e-m 788b-d  825c-h 47
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test
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Table 5. Mean comparison of phonological traits of maize genotypes in irrigation treatments (2022 and 2023)

VAT L BTS el s b Slidles £ lols
Days to silk emergence Days from anthesis to silking
b shes g Full Drought  Variation Full Drought Variation

Maize genotypes Mean irrigation stress (%) Mean irrigation stress (%)
1 86.0h-j 84.7bc 87.2d-j 3.0 5.5b-d 6.8b 4.3ab -37.0
2 83.7c-i 82.6bc 84.8a-h 2.7 3.6a-c 3.8ab 3.5ab -6.7
3 84.1c-i 83.4bc 84.9a-h 1.8 5.3a-d 5.0ab 5.5ab 10.0
4 83.3c-i 81.6ab 85.0a-h 4.2 4.6a-d 4.0ab 5.3ab 313
5 81.5a-h 80.0ab 83.0a-d 38 2.8a-c 2.0ab 3.5ab 75.0
6 82.2c-h 80.6ab 83.8a-h 4.0 4.4a-d 4.0ab 4.8ab 18.8
7 82.2c-h 82.4hc 82.0a-d -0.5 3.8a-c 4.8ab 2.8ab -42.1
8 86.1h-j 85.2bc 87.0d-j 21 3.6a-c 3.0ab 4.3ab 41.7
9 79.3a-d 78.0a-c 80.7a-i 35 3.9a-d 3.8ab 4.0ab 6.7
10 76.6a 74.3a 78.7a 5.9 3.3a-Cc 3.0ab 3.5ab 16.7
11 80.0a-c 79.2ab 80.9a-d 2.2 2.3a-b 1.8ab 2.8ab 57.1
12 81.8c-h 81.4ab 82.1a-d 0.9 3.1ac 3.8ab 2.5ab -33.3
13 80.6a-g 79.0ab 82.2a-d 41 2.0a 1.3a 2.8ab 120.0
14 84.1c-i 82.3ab 85.9a-h 44 4.4a-d 3.3ab 5.5ab 69.2

15 84.7c-i 83.6bc 85.7a-h 2.6 3.8a-c 3.8ab 3.8ab 0

16 82.7c-i 81.9ab 83.4a-d 1.9 2.8a-c 2.8ab 2.8ab 0
17 84.9¢-j 82.9bc 86.9d-j 4.9 3.9a-d 3.0ab 4.8ab 58.3
18 80.9a-f 78.7ab 83.0a-d 55 2.6a-b 2.0ab 3.3ab 62.5
19 89.9j 85.9¢c 93.9j 9.2 4.0a-d 3.0ab 5.0ab 66.7
20 86.4h-j 82.6bc 90.2c-j 9.2 6.0c-d 4.8ab 7.3b 52.6
21 87.6i-j 83.8bc 91.5h-j 9.2 4.9a-d 3.8ab 6.0ab 60.0
22 83.9c-i 81.5ab 86.3a-j 5.9 4.6a-d 4.5ab 4.8ab 5.6
23 84.6¢-i 81.7ab 87.5d-j 7.2 2.8a-c 2.3ab 3.3ab 444
24 84.1c-i 83.8bc 84.4a-h 0.7 3.1a-c 2.3ab 4.0ab 77.8
25 85.1b-j 83.6bc 86.6a-j 35 4.0a-d 3.8ab 4.3ab 13.3
26 86.1h-j 85.1bc 87.1d-j 2.3 4.6a-d 6.0ab 3.3ab -45.8
27 79.6a-e 79.4ab 79.7a-f 0.3 2.5a-b 2.3ab 2.8ab 22.2
28 80.4a-c 80.1ab 80.8a-d 0.9 2.0a 2.3ab 1.8a -22.2
29 79.8a-c 78.8ab 80.8a-d 2.6 2.1a 1.8ab 2.5ab 429
30 82.6¢-i 81.2ab 84.0a-h 35 3.6a-c 3.3ab 4.0ab 23.1
31 82.0c-h 80.9ab 83.2a-d 2.8 2.8a-c 1.8ab 3.8ab 114.3
32 83.4c-i 80.5ab 86.3a-j 7.2 2.9a-c 2.5ab 3.3ab 30.0
33 86.6h-j 84.7bc 88.4d-j 43 3.6a-c 3.8ab 3.5ab -6.7
34 85.3b-j 81.7ab 88.8d-j 8.6 3.0a-c 1.8ab 4.3ab 142.9
35 80.3a-c 80.4ab 80.1a-f -0.4 2.5a-h 2.3ab 2.8ab 22.2
36 85.9f+j 84.7bc 87.1d-j 2.8 3.4a-c 3.3ab 3.5ab 7.7
37 86.3h-j 84.9bc 87.7d-j 33 7.1d 6.8b 7.5b 111
38 85.7f-j 85.3bc 86.0a-j 0.9 3.8a-c 3.5ab 4.0ab 14.3
39 79.2a-d 78.7ab 79.6a-g 11 2.9a-c 2.5ab 3.3ab 30.0
40 86.3h-j 84.5bc 88.0d-j 4.2 4.8a-d 4.3ab 5.3ab 235
41 85.9f-j 85.2bc 86.6a-j 1.6 3.3a-c 3.0ab 3.5ab 16.7
42 86.4h-j 82.9bc 89.8b-j 8.3 5.5b-d 4.0ab 7.0b 75.0
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test
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Table 6. Mean comparison of morphological traits of maize genotypes in irrigation treatments (2022 and 2023)

G g gl S5 538 slaas
Plant height (cm) Number of leaves.plant
b gees s Full Drought  Variation Full Drought  Variation
Maize genotypes ~ Mean irrigation stress (%) Mean irrigation stress (%)
1 126a-g  130a-d 121a-g -6.6 11.0a 10.9ab 11.1a 2.1
2 129a-i 144a-j 114a-f -20.6 11.4b-e 112a-c  11.5a 2.9
3 140c-n  156d-k 125a-g -19.6 12.3d-g 11.9b-f  12.6a 55
4 144f-0  156d-k 132a-k -15.3 11.7¢c-f 11.8b-f 11.5a -2.6
5 146e-0  155b-k 136d-k -12.1 11.5b-e 12.0b-f 11.1a -7.8
6 1650p 181Kl 150g-k -17.1 12.4d-g 12.2b-f  12.5a 2.3
7 1561-p 169g-1 143f-k -15.9 12.5d-g 12.5b-f  12.5a 0.0
8 155j-0 172j-1 138f-k -19.6 12.9b-g 13.5¢c-f 12.3a -85
9 134b-k  144a- 124a-j -13.7 11.6b-e 115a-e 11.7a 25
10 109a 118a 101a -14.6 11.0a 11.0a-c  11.0a 0.2
11 124a-f 137a-g 110a-f -19.7 12.8c-g 12.7bf  12.8a 1.2
12 157m-p  173j-1 141f-k -18.5 11.5b-e 11.8b-f 11.2a -5.2
13 153k-0  166¢-I 140f-k -16.0 11.6¢c-f 11.3a-e 12.0a 6.2
14 144f-n 157d-k 131a-k -16.6 12.5d-g 12.8b-f 12.2a 5.1
15 146g-0 158d-k 134d-k -15.3 12.5d-g 12.6b-f 12.4a -1.0
16 145g-0 161d-1 129a-k -20.1 11.6¢-f 11.8b-f 11.4a -3.0
17 131b-h  139a-g  123ag  -11.4 12.2d-g  11.7b-f  12.7a 7.9
18 133b-k  143a- 122a-g -14.6 12.0c-f 11.9b-f  12.0a 0.4
19 125a-g  142a-j 108a-i -24.0 13.6g 14.1f 13.0a -7.1
20 147h-0  152b-k 142¢c-k -6.9 12.6d-g 12.8b-f  12.4a -2.8
21 153k-0  168g-I 138f-k -17.9 12.6e-g 12.6b-f  12.6a 0.2
22 119a-d  131a-d 106a-h -18.7 11.3c-e 10.9ab 11.7a 6.8
23 125a-g  147a+j 103a-e -29.6 11.7c-f 12.2b-f  11.2a -8.4
24 125a-g  134a-e 116a-f -13.3 11.4b-e 10.5a 12.2a 15.3
25 147h-0  166e-I 128a-j -23.0 11.6b-e 12.0b-f 11.2a -7.3
26 150h-0  168g-I 133d-k -20.9 11.5b-e 11.9b-f 11.1a -6.6
27 123a-f  133a-f 113a-f -15.1 11.6¢c-f 11.6b-f  11.6a -0.2
28 119a-c 128a-d 110a-f -14.3% 11.5b-e 11.8b-f 11.2a -5.4
29 122a-c = 131a-f 113a-f -13.3 11.8c-f 12.1b-f  11.6a -3.7
30 114a-b  123ab 104a-d -15.2 11.0a 11.0ab 11.0a -0.6
31 130a-h 1443 116a-f -19.0 11.9c-f 12.2b-f 11.6a -5.1
32 119a-c  134a-f 105a-d -21.5 12.1d-g 11.9b-f  12.4a 3.9
33 136c-m  147a-j 125a-j -15.0 12.4d-g 13.0a-f 11.8a -9.3
34 123a-f 140a-g 107a-h -23.6 11.6¢-f 11.0ab 12.3a 11.6
35 177p 1921 162k -16.0 13.2f-g 13.3a-f  13.0a -25
36 158n-p  173j-I 143c-k -17.4 11.0a 11.3a-e  10.7a -4.7
37 160n-p  163e-l 157jk -3.7 11.0a 10.5a 11.4a 8.3
38 154k-0  177i-l 132a-k -25.6 12.5d-g 12.8b-f 12.3a -3.8
39 129a-i 139%a-g 118a-g -14.7 11.9c-f 11.4a-e 12.4a 9.1
40 135¢-1 150b-k 119a-g -20.9 11.9c-f 12.2b-f 11.5a -5.5
41 160n-p 175h-1 145b-k -17.3 12.7¢c-g 13.7ef 11.7a -14.5
42 143f-n 161d-1 125a-j -22.3% 11.7c-f 11.9b-f 11.5a -3.2%
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test

'J}—:kaﬁ—:’u M)J&JW‘C}GM)J (f:j}:gb ‘M‘J)‘}AQ}}Lﬁﬁ)bd‘))‘@j%)}j) ‘SJL:’T

\Y


http://agrobreedjournal.ir/article-1-1401-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

VP F Sl o) ;,L.,_:A‘,.w,;ﬁ.u?ﬂo\ﬂ\gp\,jpb4{,:;"

p3 als 4l 059 ials (Al-Naggar et al., 2016)
Oty 0p93 045 oS L il o TS L5
Sl (6 gmen il 5 atulid mw gu 5 IOl cals
0358 s 0 e Jl 5 5,5 5L b b tals 5 ails s
(Kamara et al., 2003; Lsb s o 2T WsT bow
Nelissen et al., 2018; Kim and Lee, 2023; Yan et
al., 2023; Gao et al., 2025)
A b 0 (W15 08V) 40 g s alls sldw oy 2ée
Sl YA 5 WD o 55L& 50 VY L g5
YO ) ad g 5 adls sldw p meS LB (6,15 sae
Wislaos s b aS s YA G s5 @ by e 53 (4
a5 LV dgds) Call gyls gae Dol 10
a4t gy adlsslde o 2l VY g aS ol
S5 oV Jsds) Sosls |y asls e 05 o S
asls sldaas 4 (6w g )‘j.ﬂﬁ—«bﬁd.l_w‘)dﬂ
o s Al 0l OT 4Sls 0y alS” Eel ¢ i
s sy (Sist i85 sled s als sl zals
SFEV) Y (Ao 5 =T/ YO (A3 —FA/D) )
(V Jgdar) L sdaline (Ao s —YF/Y¥) YD 5 (Up s
JJW)F—W}:&L‘;&\SM‘}:WOT&:_LPJ
ol Sl 53 il TS Ll 8 55 lidles 8
55 53 (W VaV) & g 55 s slaw o 2i ¢ JulS
sdallin YA 5 6 53 (413 Y0R) sluws oy 2aS Y0
S o e W 5 ¢ (S A5 s 53
S o eS Y7 i g 9 (Sl OVF) 4 g 5o 4lls
4S5l Ol s (Y Jpr) sl | (Sl ¥YY)
e AT 55 &l sl (g (S A5 4 S
U5 W s Al Lagos 65 o5 el
La iolesT ol ysdzsls &l sluss L s (6 g
D3O > A g 3 4y sl Hls e U:..ALSJ._:’
Ol S clods 38 (T S Ll
&QJ&;R&‘&YQWWoM:
.(Al-Naggar et al., 2016; Sah et al., 2020) c_.!

R Py u"’Trf Lyl sy 4 5o 4l slaw als

\v

YAY 5 YAF i ia pas 5 Jsl b s &l Jl5m 05
059 ede FOA 5 FVY %jqdﬁjadbbluwcr;
Vo 530 S LS IV VY e s e
aS s WV 5 Y0 /) o jasadls Csby 5 )
035 Jlu 3 ea slas o 80Le 05 VL L Ll 5 oo
sl Lo e (F Jgu)
a by o (p 5 YVO) als S5m0 o ik
AFAB N A FF oyl aS 5518 Ly
05 op S Lol (g )l5 ine gl YV 5 ¥F (YF
S e WY s b 15 (0 8 YY) bl g
TOTF T X AV AN D XYY glacssi L
GolaT o5, 8 53 FY 5 F) (M OFA FF L5 Y4 YV
Csl (St 25 (Y Jpdr) 08 5 51,5 lin
Ai O3 glacs g adS Ha dls im0y tals
S i Ll g s 4l Sl 03y Sl o Ske
g A 338/ 3 gu oS 6T Sl 4 S
FY Lo 5o asls jl5a 05y SalS o 2ie
\L NSNS { 72D AL W C USSR LY
4S i odalive (Ao yd =Y/ VY 5 (Lo ys —YF/$)
oo ao LT YL Gl s liasOlis U0l 55 e
slaaiss il Hla 05y ¢ Jolie 5o dal  Sas
L 05 1y 6 S EalST¥ 5 YA OYF ol
S ez sl L Y| 48" (Up )5 -V /F)
cJ_nlf ‘_g)LﬁT)L‘..:S 3 el GTVS .lz:\j.i,m.l.n()-\'

Cals 1 (o 8 FIY) @l 558 055 0p VLN (5

oplp bl i 5 badls Canlie O sdias OLiS oS
wls ol 055 Aol ¥ G lde 5> ol T
S (o S YY) Cils ol LT Sl 55 1,
Ods Ll b 53 o casls Sgdoee by ey OLA
als 158 058 op i i Hlad 53 .l ES
OT Slbde o 2S5 (p S PFOYF (555 4 Ls o
AV I3 350 Y s an b e (o, 5 080)
LA talS Eol Sist i85 8 Sl ol iyl 8
A Oy glac S sl dw O 45 dw s VY


http://agrobreedjournal.ir/article-1-1401-en.html

[ Downloaded from agrobreedjournal.ir on 2026-01-01 ]

"YY AP O Al s gl Y s, 5 i (A5 e o 5,l"

ugb.;ﬂé_:sg;u@\,;)amuwug\pl 23 Sl ‘osﬁalssjj)pu,@ua.u; Sals L
.(Kamara et al., 2003; Kim and Lee, 2023) 583 o)l SalS 5ot ol 5 U I sk

OF Y 5 VF 1) LT slajles 5o Opd a5 4.5 55 4ls slias 5 ails 158 O Jial.:o s e =Y J gl
Table 7. Mean comparison of 1000 grain weight and number of grains.plant™ of maize genotypes in irrigation

treatments (2022 and 2023)

&l Hlm 05 G g 3 &l sl
1000 grain weight (g) Number of grain.plant™
o3 gl ) Full Drought  Variation Full Drought  Variation

Maize genotypes Mean irrigation stress (%) Mean irrigation stress (%)
1 23la-d  245a-e 217a-c = -11.3 489bc 526ab 452a -14.1
2 234a-f 237a 232a-d -2.0 457bc 467ab 447a -4.5
3 253a-e  26lag 245a-f -6.2 459bc 556ab 363a -34.7
4 342k-0  346f-i 338fg -2.4 406bc 430ab 382a -11.0
5 246a-e  263a-g 229-d  -13.0 467bc 522ab 412a -21.2
6 341k-0  358Db-i 324d-g -9.6 507bc 567ab 446a -21.3
7 280a-k  294a-f 266a-g -9.6 383bc 384ab 382a -0.5
8 291d-1 304a-f 277a-g -8.9 472bc 534ab 411a -23.1
9 332h-0  349f-i 315d-g -9.7 518hc 551ab 484a -12.2
10 346l-0 354f-i 338fg -4.6 396bc 448ab 344a -23.1
11 252a-e 266a-g 237a-e  -10.9 491bc 608ab 374a -38.5
12 219 248a-c 190a -23.3 597d 647ab 548a -15.2
13 308b-n  339c-i 277a-g  -18.2 575cd 576ab 574a -0.3
14 306e-n  321a-f 291c-g 9.1 369ab 407ab 331a -18.8
15 3491-0 365f-i 334fg -8.3 360ab 374ab 346a -7.4
16 334h-0  338c-i 329%-g -2.5 503bc 534ab 472a -11.7
17 244a-e  25la-h 238a-e 54 529bc 564ab 495a -12.1
18 292e- 304a-f 28la-g -7.8 538bc 585ab 491a -16.0
19 3750 431i 319d-g -26.1 445hc 477ab 413a -13.4
20 269a-i 282a-f 255a-f -9.6 404bc 474ab 335a -29.3
21 297e-| 306a-f 288c-g -5.9 450bc 486ab 415a -14.7
22 291d-1 304a-f 278a-g -8.7 488bc 490ab 486a -0.8
23 266a-i 274a-f 259a-g -55 527bc 589ab 464a -21.2
24 277a-i 279a-f 275a-g -1.4 537bc 581ab 492a -15.4
25 276a-i 304a-f 249%-f  -18.0 516bc 630ab 402a -36.1
26 321i-0 336¢-i 307c-g -8.7 381bc 440ab 321a -27.0
27 266a-j 274a-f 257a-g -6.3 385hc 417ab 354a -15.0
28 287d-m  289a-f 285c-g -1.4 513bc 582ab 443a -23.9
29 277a-i 315a-f 238a-e  -24.6 560b-d  646ab 475a -26.5
30 277a-i 279a-f 275a-g -14 475hbc 524ab 425a -18.8
31 282a-k  296a-f 267a-g -10.1 480bc 499ab 462a -7.5
32 247a-e  262a-g 232a-d  -11.7 491bc 556ab 426a -23.4
33 240a-g  246a-c 234a-d -5.1 400bc 414ab 385a -6.9
34 270a-i 282a-f 257a-g -9.0 471bc 532ab 411a -22.7
35 311lc-n  321a-f 301c-g -6.1 586¢d 707b 464a -34.3
36 361n-0  372d-i 349¢g -6.2 488bc 536ab 440a -17.9
37 327i-0 329a-f 324b-g -1.8 410bc 412ab 407a -1.1
38 279a-i 297a-f 260a-g -124 350a 359 340a -5.2
39 277a-i 291a-f 263a-g -9.8 393bc 428ab 359 -16.2
40 296e-I1 310a-f 282a-g -8.8 421bc 470ab 371a -21.1
41 277a-i 286a-f 268a-g -6.4 443bc 458ab 427a -6.9
42 264a-j 312a-f 216a-c  -30.7 399bc 454ab 344a -24.3
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test
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Table 8. Mean comparison of hectoliter weight and grain moisture content of maize genotypes in irrigation

treatments (2022 and 2023)

(J;:J):gh)ﬁ\:sqw-oj) als Cugby G ge
Hectoliter weight (kg.1001™) Grain moisture content (%)
b gees s Full Drought  Variation Full Drought  Variation
Maize genotypes ~ Mean irrigation stress (%) Mean irrigation stress (%)
1 64.8a-e 65.0b-e 64.6ab -0.6 20.9f-h 22.0ab 19.8c-e -10.2
2 71.6e-h 72.7b-d 70.5bc -2.9 18.2a-f 18.1ab 17.9a-e -1.4
3 68.8a-g 69.8b-d  67.8bc -2.8 19.0a-f 20.0ab 17.9a-e -104
4 69.6a-g 70.3b-d  68.9bc 2.1 18.1a-f 17.9ab 17.8a-e -0.8
5 68.8a-g 70.8b-d  66.8bc -5.6 17.7a-f 18.5ab 16.9a-c -8.6
6 67.7a-f 68.9b-d  66.6bc -3.3 20.6¢-h 20.7ab 20.6b-e -0.4
7 69.4a-g 70.2b-d  68.6bc -2.4 18.9a-f 18.7ab 18.6a-e -1.0
8 69.3a-g 69.6b-d  69.0bc -0.8 20.1e-h 20.7ab 19.4c-e -6.2
9 70.7b-h 71.3b-d 70.1bc -1.7 17.6a-f 18.0ab 17.2a-c -4.4
10 70.4b-h 70.5b-d 70.3bc -0.3 15.4a 17.2ab 13.7a -20.2
11 74.8f-h 75.1de 74.5bc -0.8 16.9a-e 17.6ab 16.1a-c -9.0
12 78.0h 78.2de 77.8c -0.5 16.0a-g 17.4ab 14.7a-d -15.4
13 76.49-h 77.9e 74.9bc -3.9 17.5a-f 17.0a 16.9a-c -0.7
14 69.6a-g 69.7b-d  69.5bc -0.3 17.9a-f 17.7ab 17.6a-e -0.9
15 68.7a-g 70.3b-d  67.2bc 4.4 19.4e-h 18.8ab 18.6a-e -1.2
16 67.3a-f 68.2b-d  66.4ab -2.6 18.3a-f 18.7ab 17.9a-e -4.2
17 64.6a-e 64.6b-e  64.5ab -0.2 19.4e-h 21.4ab 17.4a-c  -19.0
18 72.3c-h 75.2c-e  69.3bc -7.8 17.0a-e 16.8a 16.7a-c -0.9
19 65.2a-e 67.4b-d  63.0ab -6.5 20.6d-h 21.1ab 20.0c-e -5.2
20 68.9a-g 70.7b-d  67.1bc -5.2 17.0a-e 17.6ab 16.3a-c -7.1
21 69.6a-g 72.4b-d  66.9bc -7.6 20.1e-h 19.6ab 19.5c-e -0.8
22 69.8a-h 72.9b-d  66.8bc -8.3 18.9a-f 18.1ab 18.0a-e -0.7
23 71.0e-h 71.2b-d  70.7bc -0.7 20.8f-h 20.9ab 20.8b-e -0.2
24 71.2e-h 71.4b-d  71.0bc -0.6 20.9f-h 22.2ab 19.6c-d  -11.6
25 71.3e-h 715b-d  71.2bc -0.3 18.1a-f 19.9ab 16.2a-c  -18.8
26 68.5a-g 71.0b-d  66.0ab -7.0 19.5e-h 19.7ab 19.3c-d -2.1
27 64.1a-e 64.3a-c  63.9ab -0.6 17.0a-e 18.5ab 15.5a-c  -16.0
28 63.3a-e 63.5a-c  63.1ab -0.6 16.6a-e 18.2ab 15.0a-c = -17.7
29 61.8a 62.3a 61.3a -1.5 17.5a-f 18.9ab 16.0a-c  -15.3
30 68.8a-g 69.0b-d  68.6bc -0.6 17.5a-f 18.7ab 16.4a-c  -12.1
31 62.6ab 63.8a-c 61.3a -4.0 18.6a-f 19.9ab 17.2a-c  -14.0
32 68.1a-g 69.5b-d  66.8bc -3.9 20.8f-h 21.3ab 20.3c-e -4.3
33 67.3a-f 67.8b-d  66.8bc -1.4% 22.8h 22.9b 22.7e -0.9%
34 66.3a-e 66.8b-d  65.8ab -1.5% 17.9a-f 19.2ab 16.5a-c  -13.7%
35 71.3e-h 715b-d  71.1bc -0.6% 20.3b-h 21.0ab 19.6¢-d -6.8%
36 70.9e-h 72.5b-d  69.3bc -4.4% 18.4a-f 19.2ab 17.7a-e -7.8%
37 70.1a-h 70.7b-d 69.5bc -1.7% 18.4a-f 19.1ab 17.6a-e -7.8%
38 70.0a-h 71.9b-d  68.1bc -5.3% 19.3e-h 19.3ab 19.2c-d -0.5%
39 71.9¢c-h 73.4b-d 70.4bc -4.1% 18.8a-f 19.1ab 18.4a-e -4.0%
40 66.3a-e 69.4b-d  63.2ab -9.0% 19.2e-h 17.9ab 17.8a-e -0.3%
41 68.7a-g 70.5b-d  67.0bc -4.9% 18.9a-f 21.1ab 16.7a-c  -20.9%
42 72.6d-h 74.8c-e  70.4bc -5.9% 18.6a-f 18.9ab 18.2a-e -3.8%
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Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test
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Table 9. Mean comparison of grain yield and water producrivity of maize genotypes in irrigation treatments

(2022 and 2023)

ol s Shes ST osom
Grain yield (kg.ha™) Water productivity (kg.m)

3 ses s Full Drought  Variation Full Drought  Variation
Maize genotypes Mean irrigation stress (%) Mean irrigation stress (%)
1 4847a-f  5690ab 4004ab  -29.6 0.79a-f  0.94a-c 0.64ab -31.7
2 4410a-e  5219ab 3602ab  -31.0 0.72ab  0.87a-c 0.57ab -34.6
3 4771a-f  6366ab 3176a -50.1 0.76a-d  1.0la-c 0.50a -50.5
4 4379%-e  5490ab 3269a -40.5 0.73ab  0.93a-c 0.53ab -43.3
5 4739%-f 4817ab 466lab  -3.2 0.75a-d  0.75a 0.73ab -2.7
6 7236f-g 8626a-c  5846ab  -32.2 1.19f-h  1.44b-e 0.95ab -34.4
7 4808a-f  5002ab 4613ab  -7.8 0.77a-g  0.81bc 0.73ab -9.2
8 6142a-f  7461bc 4823ab  -354 1.01a-f 1.24c-e 0.77ab -37.6
9 4817a-f  5594ab 4039ab  -27.8 0.77a-f  0.90a-c 0.65ab -27.7
10 4148ab  5352ab 2945a -45.0 0.67a 0.88a-c 0.46a -48.1
11 5090a-f  5649ab 4532ab  -19.8 0.82a-f 0.93a-c 0.71ab -23.2
12 526la-f  6479ab 4042ab  -37.6 0.86a-f 1.07a-c 0.65ab -38.8
13 5642a-f  6318ab 4966ab  -21.4 0.95a-f 1.09a-c 0.81ab -26.1
14 5291a-f  608lab 4500ab  -26.0 0.86a-f 1.00a-c 0.72ab -27.8
15 6724c-g 8048bc 5401ab  -32.9 1.19f-h  1.45a-e 0.93ab -35.5
16 4745a-f  5032ab 4457ab  -11.4 0.79a-f 0.83a-c 0.74ab -11.5
17 4218a-c  4880ab 3557ab  -27.1 0.7ab 0.84a-c 0.57ab -32.5
18 4577a-e  5698ab 3456ab  -39.3 0.75a-d  0.95a-c 0.55ab -41.5
19 4014a 5456ab 2572a -52.9 0.65a 0.91a-c 0.39a -56.8
20 4549a-e  5802ab 3297a -43.2 0.83a-f 1.06a-c 0.59ab -44.1
21 4801a-f  6205ab 3398ab  -45.2 0.74ab  0.99a-c 0.49a -50.3
22 5167a-f  5435ab 4899ab  -9.9 0.90a-f 0.98a-c 0.82ab -16.1
23 5931a-f  7851bc 4012ab  -48.9 0.97a-f 1.28c-e 0.66ab -48.1
24 6219a-f  7066bc 5373ab  -24.0 1.04a-h  1.18c-e 0.90ab -23.6
25 4959a-f  6914bc 3005a -56.5 0.82a-f 1.17c-e 0.48a -59.3
26 5498a-f  7291bc 3705ab  -49.2 0.9a-f 1.22c-e 0.59ab -51.8
27 6794e-g  7691bc 5897ab  -23.3 1.11b-h  1.27c-e 0.95ab -25.0
28 5121a-f  5140ab 5101ab  -0.8 0.87a-f 0.91a-c 0.84ab -8.3
29 5440a-f 6197ab 4684ab  -24.4 0.92a-f 1.07a-c 0.77ab -28.2
30 4686a-e  5556ab 3816ab  -31.3 0.76a-d  0.91a-c 0.61ab -33.7
31 6889%-g 8232bc 5546ab  -32.6 1.18c-h  1.42b-e 0.93ab -34.0
32 6890d-g  8531bc 5249ab  -385 1.17d-h  1.45b-e 0.89ab -39.1
33 6603b-g  7962bc 5243ab  -34.1 1.1b-h  1.35c-e 0.84ab -374
34 3969a 5264ab 2673a -49.2 0.68ab  0.91a-c 0.44a -52.1
35 8876¢g 10530c 7222b -314 1.46h 1.75e 1.16b -335
36 4463a-e  5560ab 3366ab  -39.5 0.77a-g  1.00a-c 0.55ab -44.5
37 4872a-f  5501ab 4243ab  -22.9 0.79a-f  0.90a-c 0.68ab -24.6
38 5109a-f  6486ab 3732ab  -425 0.87a-f 1.12c-e 0.63ab -43.9
39 6224a-f  7572bc 4877ab  -35.6 1.0la-f 1.25c-e 0.78ab -38.0
40 4172ab  4333a 4011ab  -74 0.71ab  0.77ab 0.65ab -16.2
41 5807a-f  7596bc 4017ab  -47.1 1.02a-f 1.30c-e 0.74ab -43.1
42 4764a-f  6308ab 3220a -49.0 0.79a-f 1.06a-c 0.51a -52.3

LI gyl sme sl MJ:@JL‘,»\CLAJ:L;}:Q)ﬁijulﬁch,LhJ}fé\)lsﬁs_uﬁ\?agpﬁ);
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Tukey's test
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