[ Downloaded from jcb.sanru.ac.ir on 2028-02-08 ]

[ DOI: 10.61186/jch.16.2.29]

Journal of Crop Breeding Vol. 16, Issue 2, 2024 p: 29-41

Sari Agriculture Sceinces and Natural
Resources University

Research paper

Evaluation of the Genotype x Environement Interaction on Agronomic
Traits and Seed Yield Stability in Peanut (Arachis hypogaea L.) Genotypes
Using the GGE Biplot Method

Farooq Fadakar Navrood?, Rasool Asghari Zakaria?*~, Marefat Mostafavi Rad?,
Nasser Zare? and Mina Moghaddaszadeh Ahrabi*

1- Ph.D student of Plant Genetics and Breeding, Department of Plant Production and Genetics, Faculty of Agriculture
and Natural Resources, University of Mohaghgh Ardabili, Ardabil, Iran
2- Professore, Department of Plant Production and Genetics, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, Ardabil, Iran, (Corresponding author: r-asghari@uma.ac.ir)

3- Assistant Professore, Department of Horticulture and Agronomy, Agricultural and Natural Resources Research and
Education Center of Guilan Province, Agricultural Research, Education and Extension Organization (AREEO),
Rasht, Iran
4- Assistant Professore, Department of Cellular and Molecular Biology, Faculty of Biology, Mizan University of
Tabriz, Tabriz, Iran

Received: 2 October, 2023 Revised: 31 December, 2023 Accepted: 7 January, 2024 Available Online: 6 May, 2024

Extended Abstract

Background: The production of peanuts (Arachis hypogaea L.) as one of the vital industrial
plants is affected by the environment, genotype, and their interaction. Therefore, the environment
x genotype interaction on peanut yield should be evaluated before the introduction of cultivars.
Evaluation of the genotype x environment interaction provides valuable information regarding
the performance of plant cultivars in different environments. It plays a crucial role in evaluating
the stability of the performance of breeding materials. This experiment evaluated the stability and
yield of superior peanut genotypes in three regions of Guilan province, Iran, in the 2018 and 2019
crop years.

Methods: In this study, the top 10 peanut genotypes (130, 140, 113, 115, 128, 176, 178, 192, 201,
and 208 from ICRISAT) along with the NC2 variety as a control were assessed in a complete
randomized block design trial with three replications across three regions Rasht, Masal, and
Talash. Each plot comprised six lines, each with 5 m long, 50 cm row spacing, and 20 cm plant
spacing. Upon reaching physiological ripeness, a 5-m? area was harvested from the middle four
rows of each plot after removing 0.5 m from both ends to eliminate marginal effects. The plant
height (cm), average number of sub-branches per plant, number of pods per plant, and number of
seeds per pod were randomly recorded and counted from 10 plants. After drying, biomass, pod,
and seed yields were calculated in kg/ha. Following seed separation from the shell, five random
samples of 100 seeds were taken from each plot to measure the 100 seed weight (HSW).
Additionally, the length and width of peanut pods and seeds were recorded (in mm) using a digital
caliper. To determine seed oil percentage, 150 g of peanut seeds were randomly selected from
each plot, and their oil percentage was measured using the Soxhlet method after grinding the
samples. Composite variance analysis was conducted after ensuring the uniformity of
experimental error, and the mean traits were compared using the least significant difference (LSD)
method. The stability of peanut genotypes was assessed using the GGE bi-plot analysis.

Results: The variance analysis revealed that the interaction of location x genotype significantly
affected the peanut plant's height, sub-branches, and pod diameter at a one percent probability
level. Additionally, the year x location x genotype interaction significantly affected other traits
such as pods per plant, seeds per pod, HSW, pod yield, seed yield, seed oil percentage, oil yield,
shell yield, pod length, and peanut seed length and width at the 1% probability level. Notably,
genotype 208 in the Rasht region exhibited the tallest average plant height (103.5 cm), which was
not significantly different from line 201. Furthermore, the highest number of peanut pods (31.72
pieces) was observed for genotype 128 in the Rasht region in the first crop year, showing no
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significant difference with line 128 in the first and second crop years. Significant differences were
also noted in the number of seeds per pod across different genotypes and regions. For instance,
the second crop year in the Rasht region and genotype 113 yielded the highest peanut HSW (71.45
g), which was not significantly different from some lines in the two crop years in the Masal and
Rasht regions. Furthermore, the pod yield of genotype 192 in the first crop year was superior in
Rasht (5583 kg/ha), Masal (5233 kg/ha), and Talash (4166 kg/ha) regions compared to the other
genotypes. Genotype 192 exhibited the highest seed yield (3777 kg/ha) in the first crop year in
Rasht, representing a 133% increase compared to the control (NC2). These results underscore the
significant influence of climatic conditions on peanut seed yield and the genetic potential
variations among different genotypes in diverse regions. Additionally, genotype 192 in the first
cropping year and Rasht region attained the highest peanut oil yield (1841 kg/ha), aligning with
findings from other researchers regarding varying oil yields among different peanut lines.
Conclusion: Based on the findings of this study, all traits measured in peanuts were impacted by
the interaction of genotype and environment. Line 192 displayed significantly superior
quantitative and qualitative performance of peanut seeds to the NC2 variety, known as the Goli
native variety, and the other studied lines. The increase in the number of pods per plant, seeds per
pod, and the peanut HSW were important agronomic indicators in improving the performance of
line 192 in the Guilan region. The results indicated that the interaction effect of genotype and
environment led to changes in the yield components, resulting in changes in the yield of peanut
seeds and pods per unit area, with the oil yield increasing in parallel with the grain yield. Using
the GGE bi-plot method to evaluate performance stability, peanut line 192 was identified as a
high-yielding line with high performance and stability in all environments. Therefore, groundnut
genotype 192 is recommended for achieving the highest seed yield in the region's climatic
conditions.
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Table 3. Combined analysis of variance (mean squares) of agronomic characteristics in peanut genotypes in different

regions and cropping seasons
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Podyield  100-seed weight Segg(g)er Pod per plant Secor;gzrarglg)rﬁmche Seed yield Plant height df G
1219654.55** 187.03** 0.447** 45.67** 0.058ns 31062.63ns 111.97** 1 Year (Y) Jls
33576995.45** 23.40* 0.034** 1109.54** 321.017** 19755402.65**  321.48** 2 Location (L)aakie
3207631.82** 140.00** 0.098** 189.11** 5.897* 4191319.82** 636.78** 1 YxL
229987.88 20.23 0.034 21.32 3.828 136962.63 60.36 12 ), Rep (YxL)
2444643.43** 160.80** 0.022** 82.14** 14.14** 1956892.07** 590.75** 10 Genotype (G) g5
385726.10** 54.12** 0.025** 21.02** 6.21** 396624.46** 353.18** 20 LxG
115332.32** 12.51* 0.008** 11.76** 0.024ns 98118.74** 3.53ns 10 YxG
102551.26** 17.63** 0.008** 10.81** 0.029ns 103992.18** 3.76ns 20 YxLxG
33324.0 5.65 0.003 457 1.402 164.9263 15.09 120 Error ol

5.16 4.01 3.32 10.31 14.36 8.03 6.24 CV(%) s oy
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Continued table 3. Combined analysis of variance (mean squares) of agronomic characteristics in peanut
genotypes in different regions and cropping seasons

aly jlad &l Jobo Y M Jgb gy 3)Slas Oy 3,Ses &b g, Ol kS ke
Seed diameter Seed lenght Pod diameter  Pod lenght Shell yield Qil yield Seed oil S.0.V
1.62%* 7.26%* 59.71** 228.48** 1042188.01** 23302.54ns 44,98** Year (Y) JLo
6.26%* 22.63** 26.22** 415.97** 1782071.59** 4223059.65** 273.33** Location (L)askie
11.59** 32.95%* 105.09** 505.61** 879651.64** 1375152.01** 78.87** YxL
3.01 8.23 6.70 41.22 37641.16 34975.98 4.76 51,55 Rep (YxL)
1.64** 4.96%* 12.15** 35.92%* 67905.40** 537214.41** 20.36** Genotype (G) w5
1.33** 12.85** 2.40%* 13.35** 96476.31** 110313.01** 13.63** LxG
0.48** 6.05** 0.85ns 7.49%* 25804.94** 32364.53** 0.20* YxG
0.58** 6.10** 0.59ns 9.21** 34711.91** 27846.57** 0.19* YxLxG
0.063 0.507 0.56 2.35 6208.52 8426.36 0.32 Error oLl
3.63 4.76 5.33 4.64 5.30 8.75 6.26 CV(%) &y g >

o3 ) 90 Jlaisl pdaw p3 ) gime BMB] 343 g ¢yId gine BME| dgng pis Cag gy ¥ o F 1
ns, ** and *: Non significant, significant at 1 and 5 % probability levels, respectively.
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Table 4. Mean comparison of some measured characteristics in peanut genotypes affected by environment x genotype

interaction
(o) 30l 3 o sloesls s (o s3] 55 gl o “
Pod diameter (mm) Secondary branches number per plant Plant height (cm) Ge}lbty)pe LoLc)ation
13.407 10.16™ 52.16° 130
14,57« 7.31% 75.50¢ 140
12.49¢ 9.41¢ 92.66° 113
13.62¢ 2.86% 75.33¢ 115
12.06° 11.61% 82.66° 128 s
13.61° 9.88° 85.33¢ 176 s
14.29% 10.71%¢ 104,83 178 Rasht
13.08% 10.45% 94.66° 192
12.49¢ 11.90% 100.50% 201
12.91% 11.46° 103.50% 208
14.09« 10.06¢c 77.50¢ NC2
15.467° 7.16%® 55.211 130
14.90° 5.63¢ 57.81" 140
13.11% 7.96" 55.16' 113
13.82¢ 6.73¢ 57.36' 115
11.94¢ 8.70" 57.45' 128 Jlole
13.52¢ 6.50¢ 53.73¢ 176
4,150 9,06% 59.54! 178 Masal
15,170 10.46"¢ 65.26° 192
12.01¢ 9.46% 54.92¢ 201
14.80° 8.16" 56.03' 208
13.78¢ 8.83 58.25' NC2
15.82% 5.98° 35.25] 130
16.04% 5.91° 40.88™ 140
13.36¢ 5.36" 39.98" 113
15.88% 5.90¢ 42.51M 115
15.05°¢ 6.88d° 51.81¢ 128 il
15.492¢ 6.33¢ 40.78" 176
15.57%¢ 5.96° 38.80"j 178 Talesl
15.45%¢ 6.63¢ 54,259 192
13.90¢ 6.40° 43.45" 201
14.61% 6.30° 42.45' 208
15.83° 5.78¢ 36.25] NC2

Means followed by the same letters in each column are not significantly different at 5% probability level on the basis of LSD test.
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Table 5. Mean comparison of some measured characteristics in peanut genotypes influenced by location x year x
genotype interaction

()tim)AP)Sf,l,S)JMéJ)i&c (f)f)&b\~_~ ) BME > 4y ol Gy > B dlaws
Pod yield (kg/ha) 100-seed weight (g) Seed number per pod Pod number per plant
il Jlobe sy il Jlbe Cuby oAb Jlole cuby Y Jlb Cuby GS9) Jw
Talesh Masal Rasht Talesh Masal Rasht Talesh Masal Rasht Talesh Masal Rasht Genotype Year
2533.33 2966.66™ 3986.66° 57.46% 57209  61.62° 1.60° 1.466 174 16,60  21.05%  22.32% 130
2783.33" 3166.66%" 3950.00¢" 58.71% 60.49°¢ 61.74°¢ 1.51" 1.60° 1.72%¢ 19.15% 19.17° 18.52% 140
2766.66™ 3383.339 4250.00° 53.82¢ 5550  58.04% 159 162 173  19.00% = 21.63% 23.48° 113
2850.00" 3116.66%" 4033.33% 57.13% 54.16° 6253«  1.58% 167  1.53%  18.80% 19.72¢ 25.08> 115
3100.009" 3783.330" 4566.66° 58.51% 5833  63.16°  1.63%  1.61%® 1.81° 20.00s 22.84% 27.56° 128 WA
2716.66' 3200.00°" 4300.00¢ 55.45¢ 59.16% 55.35¢ 1.520et  1.60% 1.70° 18.98% 19.29¢ 27.59° 176
2833.33" 3066.66%" 4166.66% 60.65" 58.35%  64.32%  159%  ]160%  1.63%  1753% 19.35¢ 22.28% 178 2018
3683.33" 4166.66% 5583.332 63.95° 61.95° 67.71 167  1.68% 1.90° 22.03%  22.97%  29.40% 192
2816.66™ 3350.009 3750.00°¢" 57.17% 55.88¢ 56.54%  1.59%"  1.63%  164%%  17.91%  21.87% 2550 201
2700.00" 3033.33" 3983.33¢ 58.22%¢ 55.12¢ 55.25¢ 1.57% 1.4 1.44" 17.08¢ 19.61¢ 27.31% 208
2966.66™ 3166.66%" 3350.009 63.01° 53.95¢ 60.07° 1.55%  1.68%  1.72°  18.12°  20.97%  17.76% NC,
2400.00° 3716.66% 4683.33° 55577 61.35°  66.52°  155%  153% 185 11.257 24.07° 27.547 130
2600.00' 3716.66°" 4233.33% 57.80% 62.14%¢ 63.71%¢ 1.42' 1.72¢ 1.72% 10.15' 20.96% 21.24% 140
2633.33 4033.33% 4733.33¢ 50.03¢ 59.45¢ 71.45% 1.570" 1.73° 1.74%¢ 11.98" 23.47° 23.75° 113
2633.33' 3650.00" 4200.00% 54.54¢ 58.52¢  5852¢  1.54% 1.76° 1.72v¢ 15.71¢ 20.68%  26.98™ 115
2633.33 4566.66% 4733.33¢ 55.61¢ 61.33°  63.67°  1.58% 1.76° 1.69%  17.45% 2469 31.722 128 wal
2550.00" 3816.66°" 4233.33% 52.73¢ 64.37% 5864« 1.45' 1.69% 1,77 13.83¢ 2093 26.32% 176
3416.66' 4000.00° 4216.66% 59.41% 62.07"¢ 58.13¢ 1.56%" 1.69¢ce 1.77%¢ 10.78" 22.91% 21.92« 178 2019
3416.66'" 4750.00° 5233.33" 60.76" 65.71% 68.09° 1.58% 1,73 1.730¢ 18.85¢ 2413 29.89% 192
2583.33 4033.33 3766.66°" 55.073¢  60.14™ 54.70° 151 1.68c  1.83® 16.84% 23.99¢ 24.65° 201
2583.33! 3583.3319 3050.00" 55.61¢ 58.82¢¢ 53.12¢ 1550 167 1.63% 11.77" 20.75%  17.20% 208
2833.33" 3616.66" 3300.009" 63.32" 56.99% 55.72¢ 1.43' 1.75% 1.73% 14.21°  20.92%¢  17.21°% NC,

25,05 LSD 903l duo > gy Jlois gebans 13 (5l sime BN oy )3 S jiiio By (ol (gl Sile
Means followed by the same letters for each trait are not significantly different at 5% probability level on the basis of LSD test.
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Table 6. Mean comparison of some measured characteristics in peanut genotypes influenced by year x location x genotype

interaction
(e 53 p 5 okS) drgy 5,Shes (S 2 p)SokS) 129y 3)8dee b o) doy (S 13 p)SokS) &l 3,Sae b )les
Shell yield (kg/ha) Oil yield (kg/ha) Seed oil content (%) Seed yield (kg/ha) Treatments
A6 Juske o) b Joks o, b Jloke ) A6 Juske o, 53
Talesh Masal Rasht Talesh Masal Rasht Talesh Masal Rasht Talesh Masal Rasht Genotype Year
1001.66" 1250.00% 1603.13¢ 786.669 894.66 1106.66¢% 50.43' 52.14 46.39" 1531.66" 1716.66%" 2383.33¢ 130
1085.00" 1276.66 1978.33% 898.661 957.33f 950.33¢f 52.96° 50.66" 48.26' 1698.33¢%" 1890.009 1971.661 140
1135.009" 1436.66¢ 1898.33% 815.66 989.66° 118.66% 50.08 50.89" 47.60™ 1631.66%" 1946.66' 2351.66¢ 113
1150.009" 1333.33¢f9 1571.66¢ 891.001 900.00 1250.33% 52.49¢f 50.51' 52.10% 1700.009" 1783.33%" 2401.66¢ 115
1213.339 1526.66¢% 1421.66¢ 1011.33¢f 1158.66¢% 1596.33° 53.23% 53.68°¢ 50.80" 1901.661 2156.66" 3145.00¢ 128
1123.33¢% 1376.66¢ 1715.00¢ 832.66 956.66° 1247.66% 52.32f 52.49¢ 48.32! 1593.33" 1823.33¢ 2585.00¢ 176 \¥aA
1135.009" 1263.33 1833.33%¢ 852.661 961.00°f 1205.66¢% 50.26' 53.41¢ 50.19f 1698.33¢%" 1803.33%" 2333.33¢ 178
1323.3¢f0 1843.33° 1806.66 1232.00¢ 1212.33¢% 1840.66° 52.33f 50.69" 48.774 2360.00¢f 2390.00¢f 3776.66% 192 2018
1183.33% 1353.33f 1386.66¢ 863.331 1025.66¢ 1236.00¢ 52.93¢ 51.419" 52.34f 1633.33¢%" 1996.66 2363.33¢ 201
1131.669 1263.33% 1818.33%¢ 811.66' 925.330 1126.33¢% 51.82f 52.33¢ 52.11f 1568.33" 1770.00%" 2165.00¢f 208
1200.009 1260.00" 1730.000¢ 915.331¢ 912.00f 742.000 51.879 48.01'm 48.89% 1766.66%" 1900. 1620.00 NC2
1430.00¢f 1473.33¢f 1523.33¢ 491.00 1262.33% 1449.33b¢ 50.72M 56.28° 45.890 970.00! 2243.33¢ 3160.00" 130
1761.66 1486.66% 1898.33% 448.33" 1196.33¢% 1106.33¢% 53.59¢ 53.67% 47.39™ 838.331 2230.00¢f 2335.00¢f 140
1685.00¢ 1621.66% 1788.33%¢ 496.33" 1306.00¢ 1377.33 49.58 54.17¢ 46.80" 948.33 2411.66¢ 2945.00% 113
1403.33¢ 1530.00¢% 1480.00%" 679.009 1147.66% 1388.00° 52.51¢ 54.15° 51.03" 1293.331 2120.00° 2720.00¢ 115
1233.331 1890.00% 1321.661 783.009 1526.66 1714.66% 53.34% 57.032 50.22 1533.33" 2676.66% 3411.66° 128
1496.66% 1543,33¢ 1613.33¢ 549.33" 1275.33% 1277.00¢ 52.24f 56.10° 47.35M 1053.331 2273.33¢ 2730.00¢ 176 ¥
1513.33¢ 1596.66% 1720.000¢ 508.66" 1372.66% 1255,00¢ 50.70M 57.12% 49.471 1003.331 2403.33¢ 2540.00% 178
1606.66% 1665.00¢ 1701.66° 959.66° 1554.00° 1702.66% 52.99¢ 53.59¢ 48.25' 1810.009" 3085.00¢ 3531.66% 192 2019
1178.33% 1608.33<¢ 1298.331 746.000 1312.33% 1311.66% 53.11% 54.14¢ 51.049" 1405.00" 2425.00° 2468.33¢% 201
1563.33¢% 1540.00¢% 1561.66% 531.66" 1139.33¢ 676.339" 52.22 55.80° 51.30" 1020.00/ 2043.33 1488.33N 208
1523.33¢% 1523.33¢% 1636.66% 687.669" 1079.00¢f 657.33% 52.53¢ 51.589 48.19' 1310.00" 2093.33f 1663.33% NC2
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Means followed by the same letters in each trait are not significantly different at 5% probability level on the basis of LSD test.
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Table 7. Mean comparison of seed and pod size in peanut influenced by year x environment x genotype interaction

als 2,8es ()0l g ol); Slao ) lame X L3l HiSenp (2bj))
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(0 ske) &> Lo
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Seed diameter (mm) Seed length (mm) Pod length (mm) Treatments

A Jule ) B Juole ) G Juele <, o Jl
Talesh Masal Rasht Talesh Masal Rasht Talesh Masal Rasht Genotype Year
6.365" 6.54°7 6.257 14.39° 15.09% 13.35™" 35.28%¢ 32.80 34.97¢ 130

7.35¢ 6.89¢ 6.15"9 13.511n 15.48¢ 12.539" 32.26% 30.25% 29.91¢€ 140

6.83¢ 6.43¢" 8.442 13.55'" 12.509" 22.422 33.55% 26.68" 28.29¢ 113

7.89° 6.31¢" 6.35¢" 15.35%" 14.08" 14.41° 36.66°¢ 26.54" 27.82¢ 115

7.33% 5.94'9 6.069 16.68« 12.599" 12519 37.10%¢ 28.71¢ 27.05° 128

6.900° 6.60°" 6.88°% 16.22¢% 12.849" 13.36'9" 35.510¢ 26.79¢ 28.95° 176 \¥RA
7.29% 7.15¢ 8.47% 16.47% 15.08%t 14.63¢ 36.33%¢ 31.71¢ 32.11¢ 178

7.44% 6.26" 6.07"9 16.83« 14.51° 13.4319n 36.68¢ 30.95% 27.32¢ 192

6.87¢ 5.639 7.03¢ 15.04% 13.96' 12.399 36.02°¢ 30.29¢% 26.07" 201 2018
7.34% 5.729 7.20% 15.50% 15,220t 12.759" 38.35%¢ 30.83¢ 27.12¢ 208

7.59° 5.729 6.32¢" 17.81°¢ 12.619" 14.30° 37.32% 31.78¢ 29.19¢ NC2

5.76'g 7.445; 6.38° 13.29': 16.245“: 14.71":" 33.04‘;u 3552": 3731"; 130

6.12" 8.02! 6.71° 12.71 16.57¢ 14.23 30.90¢% 33.61¢ 33.43¢ 140

6.42¢" 7.520cd 7.32% 12.63" 13.67'" 14.27¢ 30.43c€ 29.05° 33.34% 113

7.41;u 7.44;u 8.141“ 14.48;' 15.02:’5:‘ 15,349t 34.23°: 2923: 39.35%® 115

3 3 3 g c o e a

§ 50 o 7% s Iyeew  depie  dee g a7 176 -
6.82¢ 8.08% 7.63% 15.82% 16.49%% 17.01° 34.03 34.90° 37.01% 178

6.94% 7.21% 7.74% 15.78% 15.74% 16.92 34.16% 33.41% 39.35% 192

6.39° 6.71° 7.29% 14.52¢ 15.05% 15.79¢% 33.35% 33.54% 36.99% 201 2019
6.75% 7.42% 7.64 14.61¢ 16.21¢c 15.82¢ 36.37 33.06% 40.02 208

7.03% 6.26' 7.82¢ 16.73 13.68'9" 18.17° 35.25 34.36% 37.52° NC2
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Means followed by the same letters in each trait are not significantly different at 5% probability level on the basis of LSD test.
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_ Figure 1. Polygonal GGE biplot for identifying the most productive genotypes in each environment. The
environments are E1 (Rasht-2018§), E2 (Rasht-2019), E3 (Masal-2018), E4 (Masal-2019), E5 (Talesh-2018;, and E6
(Talesh-2019). The genotypes numbered 1 to 11, correspond to genotypes 130, 140, 113, 115, 128, 176, 178, 192,
201, 208, and NC2, respectively.
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Figure 2. Bi;i)_lot of average environmental coordinates for simultaneous determination of average grain yield and
genotype stability The genotypes numbered 1 to 11, corresgond to genoti/pes 130, 140, 113, 115, 128, 176, 178, 192,
201, 208, and NC2, respectively.
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Figure 3. Biplot diagram for comparison of all genotypes with super variety in different environment. The genotypes
numbered 1 to 11, correspond to genotypes 130, 140, 113, 115, 128, 176, 178, 192, 201, 208, and NC2, respectively.
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