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Genotype environment interactions on fruit characteristics in pumpkin inbred lines
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Abstract

The response of different plant cultivars to different environmental conditions affects to phenotype and quality of
production. A total of 29 pumpkin lines consisting of 24 inbred lines, 3 landraces, and 2 commercial varieties were
evaluated. The plants were grown in two seasons that were winter and the rainy season. Homogeneity of variance
from 2 seasons was tested. The result shows the variance is no different between the 2 seasons in all traits. Therefore,
a combined analysis of variance was tested. There was interaction between lines and seasons that affected to fruit
characteristics, fruit weight, flesh thickness, and flesh firmness (P < 0.01). Phenotypic variance indicated that the char-
acteristics of weight and flesh thickness were affected by the season, while the major effect of flesh firmness character
was genetic factors and the interaction between lines and seasons. Additionally, fruit weight had a significantly positive
correlation with flesh thickness in both winter and rainy seasons (P < 0.01), with r =0.85** and r =0.83**, respectively.
Principal Component Analysis (PCA) based on the correlation matrix explained 56.2% of the variance in PC1 and
21.3% in PC2. This study found diversity of fruit characters of pumpkin lines and identified 10 inbred lines with high
fruit weight and flesh thickness compared with commercial cultivars. Furthermore, 13 inbred lines were classified as
having high flesh firmness. From this study, the outstanding inbred lines were selected for their traits in fruit weight,
flesh thickness, and flesh firmness that were RT4, RT15, RT4/RT10-3s-3s, Pach13—4s, and PakaZ2.
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Table 1 Rainfall, temperature, and humidity during the cropping year in the rainy and winter seasons.
Temperature (°C) Humidity (%)
Season Month Rainfall (mm.)
Min Max Max. Min.
Nov. (2021) 66.8 23.9 31.4 95.8 63.1
Dec. (2021) 9.2 19.5 29.7 93.1 51.6
Winter Jan. (2022) 10.6 19.6 32.6 96.8 49.3
Feb. (2022) 39.8 22.2 32,5 95.4 56.1
Mean 31.6 21.3 31.55 95.3 55.0
Jun. (2022) 56.6 252 355 93.0 53.2
Jul. (2022) 84.3 24.9 345 93.8 57.3
Rainy Aug. (2022) 327.5 24.8 33.8 94.6 61.9
Sep. (2022) 308.3 24.6 32.8 96.3 65.0
Mean 194.2 24.88 34.15 94.4 59.3
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Table 2  Weight, thickness, and firmness of 29 pumpkin lines in winter (WS) and rainy (RS) season
Weight (g.) Thickness (mm.) Firmness (N/cm?)
Code Line
ws RS ws RS ws RS
RT1 Inbred line 385.8 495.5 12.2 13.9 481.1 613.7
RT3 Inbred line 608.8 1,307.8 17.4 23.2 309.4 3446
RT4 Inbred line 997.3 1,543.5 211 245 448.6 526.6
RT7 Inbred line 692.8 1,262.2 17.0 21.2 403.1 392.7
RT8 Inbred line 851.7 1,174.0 13.7 19.3 384.9 315.9
RT9 Inbred line 401.5 755.0 12.3 16.5 499.3 480.5
RT10 Inbred line 334.7 675.3 12.8 16.5 475.9 537.4
RT14 Inbred line 429.5 526.5 10.8 14.0 600.7 527.9
RT15 Inbred line 750.8 1,054.2 14.8 20.9 460.3 582.5
RT17 Inbred line 608.2 776.7 15.3 17.6 553.9 585.1
Pach1-3/5 Inbred line 388.5 752.5 7.4 12.5 513.6 475.9
Pach1-4s Inbred line 562.3 863.3 9.3 13.1 535.7 516.2
Pach1-5s Inbred line 407.2 718.5 8.9 14.5 408.8 504.5
Pach1-7/8 Inbred line 573.3 859.7 10.6 16.0 486.3 395.3
Pach13-2/3 Inbred line 1003.2 1,087.7 22.0 20.7 369.3 524.0
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Table 2  Weight, thickness, and firmness of 29 pumpkin lines in winter (WS) and rainy (RS) season (cont.)
Weight (g.) Thickness (mm.) Firmness (N/cm?)
Code Line
ws RS ws RS ws RS
Pach13-3/6 Inbred line 831.3 1,085.3 211 21.3 375.8 403.1
Pach13—4s Inbred line 825.7 1,012.2 18.1 22.0 486.3 598.1
Pach13-5/3 Inbred line 540.7 965.2 13.3 19.6 387.5 576.0
Pach14—1s Inbred line 596.8 880.5 13.4 19.8 529.2 466.8
Paka1 Inbred line 861.0 1,196.8 12.3 14.4 469.4 509.7
Paka2 Inbred line 1,118.7 1,300.5 19.8 23.4 7255 533.1
RT4/RT10-3s Inbred line 409.2 1,002.0 9.2 20.0 578.6 495.4
RT4/RT10-5/1 Inbred line 470.4 871.8 11.0 20.0 558.6 469.6
RT4/RT10-3s-3s Inbred line 758.5 1,303.0 16.3 30.0 565.6 440.8
KAN1 Landrace 488.0 4267 12.6 13.4 472.0 4473
KPS(PW) Landrace 1,270.4 1,763.0 221 26.5 401.0 546.1
CcM1 Landrace 1,248.8 1,544.0 22.9 28.5 577.3 4447
TT Commercial 565.5 820.4 12.6 16.8 486.3 390.1
KT Commercial 690.7 1,501.5 17.4 23.7 516.2 610.4
Mean 678.3 1018.1 14.7 19.4 484.8 4915
C.V. (%) 18.8 19.6 13.1 14.2 9.3 14.2
LSD,,. 229.7 3.3 81.2
Table 3  Analysis of Variance for weight, thickness, and firmness
Weight Thickness Firmness
Source df
MS P-value MS P-value MS P-value
Lines 28 730,232 <0.01 181 <0.01 51,895 <0.01
Season 1 7,799,430 <0.01 1,481 <0.01 2,047 0.4
Lines x Season 28 100,558 <0.01 25 <0.01 27,117 <0.01
Error 27,287 6 3,350
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Table 4

Genotype environment interactions on fruit characteristics
in pumpkin inbred lines

pumpkin lines in the winter (W) and rainy (S) seasons

321

Principal Component Analysis (PCA) and correlation coefficients of weight, thickness, and firmness of 29

PC Eigenvalue

% variance

Correlation Coefficient

Weight_W Weight_R Thickness_W  Thickness_R Firmness_W

1 3.37 56.22 Weight_ W

2 1.28 21.29 Weight_R 0.82**

3 0.76 12.64 Thickness_W 0.85** 0.73**

4 0.31 5.18 Thickness_R 0.70** 0.83** 0.78**

5 0.23 3.88 Firmness_W -0.03™ -0.13™ -0.18™ 0.02™

6 0.05 0.80 Firmness_R -0.01™ -0.08™ 0.04"™ -0.06 ™ 0.28"™

ns = non-significantly different, * = significantly different at P <0.05, ** = significantly different at P <0.01
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Figure 2 Principal component analysis base on correlation matrix of 29 pumpkin lines
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