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Extended Abstract

Background: Wheat (Triticum aestivum L.) is one of the most important cereals to ensure the
food security of the growing human population. This crop provides approximately 19% of total
calories, 21% of protein, and a large amount of nutrients in the daily human diet. Most of the
rain-fed areas in Iran are facing the problem of rainfall deficiency and the lack of proper rainfall
distribution during the growing season. Iranian bread wheat cultivars have different pedigrees
and sources, as the main factor separating the cultivars. The exchange of breeding materials
with different origins helps improve agricultural production and strengthens world food
security. It is necessary to evaluate such germplasms in field conditions, and the agronomic and
physiological traits of wheat are of special importance in this context. The production of dry
winter wheat is very important for some geographical regions of Iran, including the northwest of
the country, and reduces the vulnerability to global climate change. Therefore, the present
research was carried out to evaluate agronomic and physiological traits and group dryland
winter wheat genotypes with different origins under supplemental irrigation and rain-fed
conditions. This study also seeks to identify drought stress-tolerant genotypes using tolerance
indices.

Methods: In total, 110 bread wheat genotypes from commercial cultivars, international stocks,
advanced lines, and landraces of dryland winter bread wheat were investigated in this
experiment. These genotypes were cultivated in the form of an Alpha-Lattice experimental
design with two replications in the Dryland Agricultural Research Institute (DARI) located in
Maragheh during the 2020-2021 crop year. Supplementary irrigation was 50 mm after planting,
and the second irrigation was performed in the spring of the following year. Phenological stages
included days to flowering, days to maturity, and grain-filling period. The greenness rate was
measured using an NDVI device in two stages of spike emergence and three weeks after
anthesis. Plant height, thousand-kernel weight, grain yield, biological yield, and harvest index
were the other traits. Relationships between traits were analyzed based on Pearson's correlation
coefficients. The Principal Component Analysis (PCA) biplot and the cluster analysis
dendrogram based on Euclidean distance and Ward's grouping method were drawn in the R
program. Canonical discriminant analysis (CDA) was performed based on the origin of wheat
genotypes in SPSS 26 software. Various stress tolerance indices (TOL, MP, GMP, HM, SSI,
STIL YL, YSI, and RSI) were used to select tolerant genotypes.

Results: The greenness rate in the spike emergence stage had a positive and high correlation
with its value in three weeks after anthesis. In supplementary irrigation and rain-fed conditions,
grain yield had a positive and significant relationship with plant height and biological yield. In
both environments, the genotypes were widely distributed in the biplot space, which indicated
high diversity among them in terms of agronomic and physiological traits. Based on cluster
analysis in rain-fed and supplementary irrigation conditions, 110 studied wheat genotypes were
classified into four groups, and the genotypes in the third group contained more grains and
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biological yields in both dendrograms. Examining the distribution of the origin of genotypes in
the dendrogram of cluster analysis indicated that cultivars tolerant to drought stress and native
stands were present in the other groups under the conditions of supplementary irrigation, except
for the fourth group, but Sardari morphotypes were mainly in the fourth group. In rain-fed
conditions, on the other hand, most of the genotypes with the origin of cultivars tolerant to
drought stress, landraces, and CIMMYT Institute lines were placed in the fourth group. The
results of CDA analysis based on the origin of wheat genotypes indicated that the lines created
by the CIMMYT center had the greatest distance from the cultivars from Turkey under both
environmental conditions. In supplementary irrigation conditions, landraces and Sardari
morphotypes, as well as in rain-fed conditions, cultivars tolerant to drought stress and landraces
were highly similar. Genotypes with codes 46, 81, and 8 under supplementary irrigation and
genotypes with codes 8, 110, and 94 under rain-fed produced the highest grain yields,
respectively. Genotypes 106, 34, and 55 presented the lowest TOL value and were the most
desirable genotypes in terms of this index. The Sardari cultivar (G8) and a rainfed line (G9)
were recognized as the most suitable genotypes in terms of MP, GMP, HM, and STI. Genotypes
106, 34, and 44 were the most tolerant genotypes simultaneously by SSI, YSI, and RSI indices.
Finally, genotypes 110, 67, and 8 had high sum rank (SR) and average rank (AR).

Conclusion: Among the 110 wheat genotypes studied, there was an acceptable diversity for
agronomic and physiological traits under rain-fed and supplementary irrigation conditions. In
supplementary irrigation, landraces and Sardari morphotypes, and under rain-fed conditions,
landraces and drought stress-tolerant cultivars were highly similar to each other. A dryland line
of the Iranian origin (G8), along with two foreign lines selected from CIMMYT trials
(genotypes 67 and 110), were the most desirable and tolerant genotypes based on the average
ranks obtained from stress tolerance indices, which can be used in future crossing programs.

Keywords: Canonical discriminant analysis, Drought stress, Grain yield, NDVI index, Stress
tolerance indices
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(Code) s (Name/Pedigree) o i/ pb (Origin) sLiie
1 Baran Iran
2 Rasad Iran
3 Azar2 Iran
4 Ohadi Iran
5 Tak-Ab IWWIP
6 Homa Iran
7 Sardari Iran
8 PMF/MAYA//YACO/3/C0693591/CTK/4/Trakia//Maga"s"74/Mon"s"/3/Shahi  /5/Kohdasht/82 (CB-R5) Iran

IRBW 05- 064-OMAR-0SHI-OMAR-3MAR-3MAR
9 NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12/6/Azar2  /7/Trakia//Maga"s"74/Mon"s"/3/Shahi/4/ Iran
Khazar/3/Jcam/Emu"s"//Dove"IRBW 05- 013-OMAR-0SHI-OMAR-IMAR-2MAR
10 Fengkang15/Sefid/4/Dari-16/3/Hd2172/Bloudau//Azadi  /5/10 GHAZAGESTAN 98-99/Zagros IRBW 05- I
099-OMAR-0SHI-OMAR-5MAR-2MAR ran
1 1D800994W/VEE//F900K/3/PONY/OPATA/4/4848 Mashad/Tui"s" /5/Un known- Iran
2/4/Trakia//Maga"s"74/Mon"s"/3/Shahi IRBW 05- 004-OMAR-0SHI-OMAR-IMAR-1MAR
12 CH94878/BLOYKA/3/TX81V6614//SERI*3/BUC  ICWH99-0468-0AP-2AP-2AP-0AP-1AP-0AP Iran
13 DYBR198283/842ABVD.C50/4/PJ/HN4//GLL/3/SERI  TCI011056 IWWIP
14 Vorona/Parus//Hatusha/3/Lut112/4/Pehl//Rpb8-68//Chrc ITran
15 Ghafghaz//F9.10/Maya"S"/3/Ebvd99-1 IRW2000-01 - 141-0MA Iran
16 Saein Iran
17 Hashtrood Iran
18 Azar2/82 (CB-R5)/8/Sabalan/6/Shahi/Kvz/5/Shahi/4/Kal//B/Cj/3/#Horks /7/Unknown-3 IRBW 05- 151- Iran
OMAR-OMAR-OMAR-1IMAR-1IMAR
19 Fengkang15/Sefid/4/Dari-16/3/Hd2172/Bloudau//Azadi /5/10 GHAZAGESTAN 98-99/Zagros IRBW 05- Iran
099-OMAR-0SHI-OMAR-2MAR-1MAR
20 Sadra ITran
21 SPII Genebank Collection -2010- 30 Iran
22 SPII Genebank Collection -2010- 110 Iran
23 SPII Genebank Collection -2010- 222 Iran
24 SPII Genebank Collection -2010- 260 Iran
25 SPII Genebank Collection -2010- 288 ITran
26 SPII Genebank Collection -2010- 304 Iran
27 SPII Genebank Collection -2010- 396 Iran
28 KATIAI/MV18-2000 IRW 05-06-32-OMAR-OMAR-OSAR-OMAR Iran
29 KS82W409/SPN/TAM106/TX78V3630 IWWIP
30 CTY*3/TA2460/SHARK/F4105W2.1/3/SHARK/F4105W2.1  TCI022096-0E-0E-1E-OE -3YA -0E IWWIP
31 RAN/NE701136//C113449/CTK/3/CUPE/4/TAM200/KAUZ/5/BWD  TCI012234-030YE-30E-5E-0E-1E-OE IWWIP
32 Antonisis IWWIP
33 BILINMIYEN 881 IWWIP
34 KS97W0935-29-15/SHARK-1/5/VEE/TSI//GRK/3/NS5503/5/C12615/COFN/3/N10B/P14//P101/4/KRC67 IWWIP
35 RAN/NE701136//CI13449/CTK/3/CUPE/4/TAM200/KAUZ/5/BWD IWWIP
36 KS98HW220-5-1(ARLIN/YUMA)/KSOIHW162(TGO/BTY SIB) IWWIP
37 SABALAN/ALTAY IWWIP
38 Azar2/87Zhong291-9 Iran
39 ATTILA*2/PBW65//Y AKAR IWWIP
40 KS84170E-8/KARL/AUBURN*2157_PAR/2165 IWWIP
41 GRISET-16 IWWIP
42 ‘W99-331/97x0906-8 IWWIP
43 SAR-101 Iran
44 Sardari (92-93)- 18 Iran
45 Sardari (92-93)- 26 Iran
46 Sardari (92-93)- 48 Iran
47 Sardari (92-93)- 49 Iran
48 Sardari (92-93)- 51 Iran
49 Sardari (92-93)- 62 Iran
50 Sardari (92-93)- 84 Iran
51 DAGDASH/PASTOR IRW 05-06-72-OMAR-OMAR-OSAR-OMAR Iran
52 SABALAN//SHUHA-1/DORG-1 IRW 05-06-64-OMAR-OMAR-OSAR-OMAR Iran
53 CHAM-8/BOCRO-3//SONALIKA IRW 05-06-198-OMAR-OMAR-OSAR-OMAR Iran
54 SAULESKU #44/TR810200/PAVON (dwarf) IRW 05-06-122-OMAR-OMAR-OQAM-OMAR Iran
55 BUCUR/4/CROC-1/AE.SQUARROSA (205)// KAUZ/3/SASIA  IRW 05-06-297-OMAR-OMAR-OQAM- I
OMAR ran
56 SAULESKU #44/TR810200/PAVON (tall) IRW 05-06-123-OMAR-OMAR-OQAM-OMAR Iran
57 ZAGROS/4/CROC-1/AE.SQUARROSA (205)// KAUZ/3/SASIA  IRW 05-06-142-OMAR-OMAR-OSAR- Iran
OMAR

[ DOI: 10.61882/jch.2025.1605 |
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Table 1 continued. Information of studied wheat genotypes

s ° )Zw/ ,al} slio
Code Name/Pedigree origin
58 LIRA TWWIP
59 HBK0935-29-15/KS90W077 TWWIP
60 AFINA IWWIP
61 ASTET ITWWIP
62 J15418/MARAS//SHRK/F4 ITWWIP
63 GEREK IWWIP
64 MUFITBEY IWWIP
65 KARAHAN-99 ITWWIP
66 SONMEZ01 ITWWIP
67 ESKINA-10/GRISET-9 IWWIP
68 KS920709-B-5-1-1/BURBOT-4 IWWIP
69 MV14-2000//SHARK/F4105W2.1 IWWIP
70 KS920709-B-5-1-1/4/CHAM6//1D13.1/MLT/3/SHI4414/CROW IWWIP
7 KIRGIZ95/8/SABUF/7/ALTAR 84/AE.SQUARROSA(224)//YACO/6/CROC_1/ IWWIP
AE.SQUARROSA(205)/5/BR12*3/4/1AS55*4/C114123/3/1AS55*4/EG,AUS//IAS55*4/ALD/9/MEZGIT-4
72 SELYANKA/MERCAN-1 IWWIP
73 KRASNODAR/FRTL/6/NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12 IWWIP
74 KRASNODAR/FRTL/6/NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12 ITWWIP
75 SONMEZ/EXCALIBUR IWWIP
76 SONMEZ/EXCALIBUR IWWIP
77 KRASNODAR/FRTL/6/NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12 IWWIP
78 ERYT783-96/SHARK-1 ITWWIP
79 ORKINOS-1*2//KRICHAUFF/2*PASTOR IWWIP
80 TX71A983.4/TX69D4812//PYN/3/VPM/MOS83.11.4.8//PEW/4/MUSTANG TWWIP
81 F10S-1/ATAY/GALVEZ87 IWWIP
82 Morgan/Desconcoide TWWIP
83 Sbn//Trm/k253/4/88ZHONG218//CTK/VEE/3/KVZ/GV//PRL  F4 (Mah: sel at karaj) -OSN Iran
84 HBKO0935W-24/KS84W063-9-34-3-2//K ARL 92/4/SHARK/F4105W2.1 Iran
85 11 GHAZAGESTAN 98-99/4/Roshan/3/F12.71/Coc//Gno79/5/Unknown-7/1002 Gene Bank Material IRBW 05-092-OMAR-0 Iran
86 GUNO91/3/CROC_1/AE SQUARROSA(205)//KAUZ/4/1ZGI Tran
87 SARDARI-HR101/SARDARI-HR39 IRW 05-06-245-OMAR-OMAR-OQAM-OMAR Iran
88 SAULESKU41/SADOVO1//Sardari-HR39  IRW 05-06-52-OMAR-OMAR-OSAR-OMAR Iran
89 LR64/1Z1813//09344/3/NO57/4/SUT66/5/SABALAN/6/BEZ//BEZ/TVR/3/KREMENA/LOV29/4/KATYAI Tran
90 KARL/NIOBRARA//TAM200/KAUZ/3/TAM200/KAUZ Iran
91 ALTAY//JUN/BOMB IRW 05-06-36-OMAR-OMAR_OMAR Iran
92 PAVON (dwarf)/KAUZ (tall) IRW 05-06-84-OMAR-OMAR _OMAR Iran
93 CROC-1/AE.SQUARROSA (205)// KAUZ/3/SASIA/4/CHEN/ AEGILOPS SQUARROSA(TAUS)//BCN /3/VEE#7/ IRW 05- Iran
06-221-OMAR-OMAR OMAR
94 ZARGANA-3//JUN/BOMB IRW 05-06-333-OMAR-OMAR OMAR Iran
95 SOROCA//SAULESKU #44/TR810200 IRW 05-06-171-OMAR-OMAR_OMAR Tran
96 SOROCA//SAULESKU #44/TR810200 IRW 05-06-171-OMAR-OMAR_OMAR Tran
97 SERI 82/SHUHA'S'//GRU90-204782/3/SARDARI/KAU"s"/NAO IRW 05-06-210-OMAR-OMAR_OMAR Iran
98 ALTAY/GAHAR  IRW 05-06-41-OMAR-OMAR_OMAR Iran
99 NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F1 30LIlg;!gﬁik?é&&g/gﬁﬁgﬁ/ﬂm?s68.25]/BUC/4/RSK/NAC IRW 05-06- Iran
100 NGDA146/4/YMH/TOB//MCD/3/LIRA/5/F130L1.12/ 6/PELSART /3/DONG87//TIB368.251/BUC/4/RSK/NAC IRW 05-06- Iran
138-OMAR-OMAR OMAR
101 P8-8/LLFN/3/BEZ/NAD//KZM/4/BB//CC/CNO*2/3/TOB156/BB/5/ PF8215/6/F134.71/NAC/7/SARDARI-HR86  IRW 05- Iran
06-355-OMAR-OMAR OMAR
102 GAHAR/3/SKAUZ/PASTOR//PASTOR*2/OPATA IRW 05-06-145-OMAR-OMAR_OMAR Iran
103 GAHAR/3/SKAUZ/PASTOR//PASTOR*2/OPATA IRW 05-06-145-OMAR-OMAR OMAR Iran
104 KOHDASHT//37032 TURKEY/DARI-8 IRW 05-06-149-OMAR-OMAR_OMAR Iran
105 BEZ/ALTAY IRW 05-06-14-OMAR-OMAR_OMAR Iran
106 BEZ/ALTAY IRW 05-06-14-OMAR-OMAR_OMAR Iran
107 Azar-2/Ardabil 82 - 33 IRBW07-23-54-20 [RBW07-23-54-20-0SAR-0SAR_OMAR Iran
108 Sardari/Ardabil 82 - 33 IRBW07-23-54-36  IRBW07-23-54-36-0SAR-0SAR_OMAR Iran
109 ATTILLA//VORONA/TR810200 IWWIP
110 MV 14-2000/SHARK/F4105W2.1 ITWWIP

IWWIP: International Winter Wheat Improvement Program
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Fig 1. Climatic parameters of the Maragheh station during the studied year
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Table 2. Correlation coefficients between the studied traits under supplementary irrigation (above the main diameter)

and rain-fed (below the main diameter)

mar  apr may jun

TKW HI BY GY PH NDVI2 NDVI1 GFP DM DF
-0.63" -0.28™ -0.317" -0.36™ -0.52"" -0.38" -0.29™ 0.30" 091" DF
-0.55™ -0.27" -0.24™ -0.33™ -0.54™ -0.34" -0.22" 0.68" 0.05™ DM
-0.15™ -0.13™ -0.01™ -0.11™ -0.30™ -0.11™ 0.03™ 0.99" -0.07™ GFP
0.26™ 0.09" 0.05" 0.18" 0.35" 0.88" 0.02" -0.01™ -0.22" NDVI1
0.29" 0.117" 0.131 0.19 0.44™ 0.70" 0.07" 0.03" -0.17™ NDVI2
0.43" 0.25" 0.39" 0.57" 0.01™ -0.01™ -0.18™ -0.19° -0.09™ PH
0.26™ 0.18" 0.61" 0.44™ "-0.09 -0.13™ -0.17™ -0.16™ 0.11" GY
0.24" 0.127 0.48" 0.45™ -0.15™ -0.12™ -0.05™ -0.06™ -0.06™ BY
0.44" 0.11™ 0.06™ 0.14" 0.05™ -0.07™ -0.19° -0.19° 0.01™ HI
0.42" 0317 0.08" 0.27" 0.05™ -0.01™ -0.11™ -0.13™ 0.22" TKW
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, and ™ are significant at 1%, 5% levels, and non-significant, respectively. DF: Days to flowering, DM: Days to maturity, GFP: Grain-filling period,

NDVII: Normalized difference vegetation index at the spike emergence stage, NDVI2: Normalized difference vegetation index in three weeks after
anthesis, PH: Plant height, GY: Grain yield, BY: Biological yield, HI: Harvest index, and TKW: Thousand-kernel weight
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Figure 2. Grouping of 110 wheat genotypes based on cluster analysis under supplementary irrigation (A) and rain-fed
(B) conditions
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Table 3. Comparison of group means derived from cluster analysis based on the studied traits under supplementary
irrigation and rain-fed conditions

Rain-fed conditions 3 kol Supplementary irrigation oS5 (¢ bl

ez 0g)S P 09,5 P9 09,5 Jslegs ez ogS  pow og)S pgd 05)5 Jolegs Trait
(42) (23) (33) (12) (35) (21) (23) (31)
157.8° 157.7¢ 157.8° 157.9¢ 157.2° 157.0° 158.3¢ 157.7% DF
192.1¢ 190.3¢ 191/0¢ 4191.8 196.9° 197.1° 198.5° 197.5% DM
34.3¢ 32,6 3320 33.9¢ 39.8% 40.1° 40.2° 39.9¢ GFP
0.487 0.486 0.475° 0.552¢ 0.372° 0.345° 0.347¢ 0.367¢ NDVII
0.183 ® 0.176" 0.176" 0.196° 0.306 * 0.281 0.263° 0.298 NDVI2
62.9° 68.4° 59.5% 55.2¢ 70.03* 70.5° 61.6° 66.9° PH (cm)
891.4 ¢ 934.8° 790.8° 659.8° 1268.4° 1413.6* 995.4° 1188.7° GY (kg/h)
3179.8° 3827.9° 2582.3¢ 2145.8¢ 4753.7° 5907.6° 3174.8°¢ 4046.5¢ BY (kg/h)
29.24° 29.51° 28.30° 29.20° 33.61° 34.59° 33.41° 32.93° HI (%)
33.82° 36.44° 33.71° 32.88° 36.09° 35.90° 34.04° 35,18 TKW (g)
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In each row, means with different letters are significantly different according to Duncan's test. DF: Days to flowering, DM: Days to maturity, GFP:
Grain-filling period, NDVI1: Normalized difference vegetation index at the spike emergence stage, NDVI2: Normalized difference vegetation index in
three weeks after anthesis, PH: Plant height, GY: Grain yield, BY: Biological yield, HI: Harvest index, and TKW: Thousand-kernel weight
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Figure 3. Differentiation of wheat genotypes based on their origins and characteristics (1: Drought tolerant variety, 2:
Landraces, 3: Rainfed line, 4: Sardari morphotype, 5: CIMMYT line, and 6: Turkish variety) using the canonical
discriminant function in supplementary irrigation (A) and rain-fed (B) conditions
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Figure 4. Relative frequencies of grain yield under supplementary irrigation (Yp) and rain-fed (Ys) conditions
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Figure 5. The ({).rincipal components analysis biplot of wheat genotypes based on grain yield and drought stress
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tolerance in

ces. Yp: grain yield under supplementary irrigation conditions, Ys: grain yield under rain-fed

conditions, TOL: Tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic
mean, SSI: Stress susceptibility index, STI: Stress tolerance index, YI: Yield index, YSI: Yield stability index, and
RSI: Relative stress index
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Table 4. Grain yield under different conditions and drought stress tolerance indices for the top 15 wheat genotypes

Ys Yp .
SD AR SR RSI YSI YI STI SSI HM GMP MP TOL (kg/h) (kg/h)y 4
(2.05)  (12.6)  (139)  (1.44)  (0.995)  (1.601)  (1.530)  (0.0150)  (1500)  (1509)  (1519) (5) (1348)  (1758) 1
Gl11 G110 G110 G106 G106 G8 G8 G106 G8 G8 G8 G106 G8 G46
(4.08) (144) (159) (1.44)  (0.990) (1.39) (1.188) (0.032) (1306)  (1330)  (1354) (10) (1168)  (1703) 2
Gl16 G67 G67 G34 G34 G110 G9 G34 G9 G9 G9 G34 G110 G81
(4.53)  (145) (160)  (1.42)  (0.982)  (1.381)  (1.136) (0.058) (1292)  (1301) (1309)  (18) (1163)  (1690) 3
G29 G8 G8 G44 G44 G9%4 G94 G44 G9%4 G94 G57 G55 G94 G8
(5.74)  (14.8)  (163)  (L.41)  (0.975)  (1.360) (1.09) (0.082) (1269)  (1274)  (1309) (20) (1145)  (1645) 4
Gl14 G10 G10 G85 G85 G10 G110 G85 G110 G110 G94 G44 G10 G31
(5.75) (15.8)  (174)  (1.41)  (0.973)  (1.343)  (1.082) (0.087) (1249)  (1269)  (1291) (25) (1130)  (1631) 5
GI1 G9%4 G9%4 G55 G55 G67 G57 G55 G10 G57 G46 G85 G67 G57
(5.80)  (16.6)  (183)  (1.40)  (0.964)  (1.322)  (1.056) (0.116) (1230)  (1254)  (1280) (30) (1113)  (1608) 6
G23 G41 G41 G99 G99 G96 G10 G99 G57 G10 G19 G99 G96 G9
6.11)  (16.9) (186  (1.37)  (0.943)  (1.319)  (1.055) (0.185) (1218)  (1253)  (1279) (63) (1110)  (1563) 7
G87 G96 G96 G96 G96 G41 G19 G96 G19 G19 G81 G80 G41 G76
(4.6) (20.8)  (229)  (L1.34)  (0.927)  (1.307)  (0.992) (0.237) (1211)  (1215)  (1279) (65) (1100)  (1558) 8
G109 G106 G106 G41 G41 G9 G40 G41 G67 G40 G110 G65 G9 G12
(6.52) 21.1)  (232)  (1.34)  (0.925)  (1.298) (0.991) (0.242) (1200)  (1214)  (1259) (68) (1098)  (1558) 9
G79 G44 G44 G75 G75 G106 G67 G75 G40 G67 G10 G96 G106 G68
(6.94)  (23.6)  (260)  (1.34)  (0.924)  (1.292)  (0.990) (0.246) (1193)  (1213)  (1243) (73) (1088)  (1540) 10
G50 G37 G37 G28 G28 G44 G4 G28 G4 G4 G31 G75 G44 G35
(7.02)  (26.5)  (292)  (1.34)  (0.921)  (1.233)  (0.982) (0.254) (1183)  (1209)  (1235) (75) (1038)  (1532) 11
G60 G40 G40 G65 G65 G37 G5 G65 G5 G5 G4 G28 G37 G19
(7.22)  (26.9)  (296)  (1.33)  (0.919)  (1.233)  (0.978) (0.260) (1152)  (1207)  (1235) (88) (1038) (1513) 12
G98 G105 G105 G80 G80 G40 G81 G80 G41 G81 G5 G41 G40 G2
(7.24)  (27.1)  (298)  (1.33)  (0.910)  (1.218) (0.974) (0.290) (1151)  (1204)  (1230) (90) (1025)  (1505) 13
G93 G9 G9 G80 G17 G19 G46 G17 G105 G46 G40 G17 G19 G54
(7.24)  (27.5) (302)  (1.32)  (0.884)  (1.212)  (0.938) (0.375) (1148)  (1182)  (1219)  (103)  (1020)  (1488) 14
G43 G27 G27 G17 G22 G105 G54 G22 G54 G54 G68 G22 G105 G5
(7.6) (27.6)  (304)  (1.28)  (0.882)  (1.200)  (0.928) (0.380) (1145)  (1175)  (1217) (135  (1010)  (1463) 15
G100 G88 G88 G22 G88 G88 G31 G88 G96 G31 G67 G88 G88 G4

GMP g (pSobe MP ¢ Joss (a5 Ls TTOL o0 Lol o ails 5,8las 1Y's  JuoSS ()bl bl co ails 5, Slas 1Yp i o jasls (oue jlade sl Job sl
s yadls RSL o ySles (g)lul (asls YSI oSles s ls (YT (il Jood (adls :STI (i 4 Cuwlus (a3l :SSI «Suigeyla (1:ke HM cg  cwiin ko
g, jlee Bl :SD g bedsy ke :AR sy £ 5000 SR (s
The numbers in parentheses are the numerical values of the indices. Yp: grain yield under supplementary irrigation condition, Ys: grain yield under rain-fed

conditions, TOL: Tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM:

Harmonic mean, SSI: Stress susceptibility index, STI:

Stress tolerance index, YI: Yield index, YSI: Yield stability index, RSI: Relative stress index, SR: Sum ranks, AR: Average of ranks, and SD: Standard

deviation
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