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Studied that determine the scaling test and magnitude of gene effect studies in ridge gourd were conducted using six generation mean analysis. Three promising F1 hybrids, namely cross-I P1 x P2 (Arka sumeet x Konkan harita), cross-II P1 x P3 (Arka sumeet x Jaipur long), and cross-III P4 x P5 (Saloni-5 x NRG-9), as well as their F2 and back crosses, were studied in two replications with randomized block design during kharif, 2021. With the exception of the cross where P1x P3 was the number of pickings, in chi-square joint scaling test three crosses were significantly, and all three crosses carried the scaling test with significance. Additive, dominance, and epistasis were the three gene action types found in all three crosses, with the exception of additive x dominance (j), which included the number of branches per vine, the number of days taken the first female flower appeared, number of pickings and the sex ratio (cross-I P1xP2, cross-II P1xP3 and cross III P4xP5), the number of days to the first picking (cross-I P1xP2 and cross- III P4xP5), and the number of days until the last picking (cross-I P1xP2 and cross- III P4xP5). For each character in the three crosses, duplicate epistasis was observed.
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Introduction
Important cucurbitaceous vegetable crop, ridge gourd (Luffa acutangula L. Ruxb.) is widely grown in tropical and sub-tropical regions of the world. With a chromosome number of 2n=26, it belongs to the cucurbitaceae family and is typically grown in India during the summer and kharif seasons. In India, the ridge gourd tender fruit is a widely used and valued culinary vegetable. known for their excellent nutritional value and high yield potential (Seshedri,1986)
It is well known that produces a complex phenomenon impacted by many genes (polygenes). To better comprehend the ways in which these traits are inherited, biometrical techniques such as generation mean analysis (Haymen,1958) are essential. Generation mean analysis serves as a crucial tool for estimating and partitioning total genetic variance into its components: additive (d), dominance (h), additive x additive (i), additive x dominance (j), and dominance x dominance (I) interactions. Additionally, scaling tests (Mather,1949) are extensively utilized as they provide precise estimates of the nature and magnitude of all gene effects. The principle of generation mean analysis was put forth by (Hayman, 1958) as a way to estimate different genetic components. This approach provides information on a number of genetic factors and epistatic interactions.
Materials and Methods
Three hybrids acquired from the Department of Horticulture, MPKV, Rahuri, as part of the All India Coordinated Research Project (Vegetable Crops). In the current study, F1, F2, BC1, and BC2 will be obtained during kharif, 2021 from the five parents with three hybrids. Cross-I P1 x P2 (Arka sumeet x Konkan harita), cross-II P1 x P3 (Arka sumeet x Jaipur long), and cross-III P4 x P5 (Saloni-5 x NRG-9) along with the five parents using Randomized Block Design (RBD) with two replications are three promising F1 hybrids. P1, P2, F1, F2, BC1 and BC2 (six generations) are involved in the experiment. In the 18 characters under study, observations were made on forty plants in F2, twenty randomly chosen plants in BC1 and BC2, and five plants randomly chosen in each of P1, P2 and F1.
The data collected for various characters underwent different statistical analyses for Randomized Block Design across both seasons, and the ANOVA results have been provided. Generation mean analysis was conducted following the procedure established by (Hayman, 1958), along with joint scaling test analysis as described by (Cavalli,1952). Scaling test revealed that the Additive-Dominance model was adequate. To determine whether gene interaction was present or not, three scaling tests A, B and C were carried out using the given formulas by (Mather, 1949) and (Hayman and Mather,1955). Only when the dominance (h) and dominance × dominance (l) effects were significant was the type of epistasis identified; when these effects had the same sign, they were complementary, whereas different signs suggested duplicate epistasis (Kearsey, 1996). The INDOSTAT software was used to perform the generation mean analysis.
Results and Discussion
1.Scaling test
In order to ascertain the existence of non-allelic gene interaction, the A, B, and C scaling tests are used. In scaling test result estimation for the economical characters of ridge gourd is shown in Table 1. Scaling test estimates were significant for all characters in three ridge gourd crosses, and the chi-square test, joint scaling test was significantly in three crosses except the cross-II P1xP3, which was number of pickings. The significance of any one of the scaling tests indicates the existence of non-allelic gene interaction (epistasis), in which the additive-dominance model was insufficient and the six-parameter model used instead of the three-parameter model. Additionally, the presence of epistasis is indicated by the significance of the chi-square test joint scaling test (Table 2). (Shasi kumar et al., 2011) reported a similar finding in Musk melon.
2. Gene effect 
2.1 Days to appearance first male flower
Three crosses were showed a highly significantly mean effect. With the exception of cross-II P1xP3, the additive (d) gene effects for the two crosses were highly significant. Three crosses were extremely significant for the gene effect dominance (h). In each of the three crosses, the digenic interaction additive x additive (i) gene effects were found to be highly significant. According to (Rani et al.,2013, kumari et al.,2015 and Chowdhury and Sikdar, 2005) bitter gourds significant additive gene component effects on their inheritance, as shown by the relative magnitude "d" for these effects, which was significant for all of the characters. Cross-III P4 x P5 showed highly significant additive x dominance (j) gene effects, while cross-I P1 x P2 and cross-II P1 x P3 showed non-significant effects. It was determined that the dominance x dominance (l) was significant in cross-I P1 x P2 and highly significant in cross-III P4 x P5, with the exception of cross-II P1 x P3, which was not significant. Each of the three crosses has a duplicate interaction type.  
2.2 Days to appearance first female flower appeared
In three crosses, the mean effect was very significant. For two crosses, the effects of the additive (d) gene were high significantly, and for cross-II P1 x P3, they were significant. With the exception of cross-II P1 x P3, all crosses had a highly significant dominance (h) gene effect. Regarding the digenic interaction, additive x additive (i) gene effects were highly significant in all three crosses. For Cross-I P1 x P2, Cross-II P1 x P3, and Cross-III P4 x P5, the additive x dominance (j) gene effects were non- significantly. Three crosses (cross-I P1 x P2, cross-II P1 x P3, and cross-III P4 x P5) showed highly significant dominance x dominance (l). Each of the three crosses has the duplicate type of interaction.  Similarly observed by (Rathod et al., 2021) in bitter gourd.
2.3 Node number at which first male flower appeared
The mean effect in three crosses was highly significant. The additive (d) gene effects for cross-II P1 x P3 were founded significant and for cross-III P4xP5, they were highly significant. (Swamini et al.,2021) reported similar results in bitter gourd, with the exception that cross-I P1 x P2 was not significant. With the exception of cross-II, P1 x P3 was significant, and the dominance (h) gene effect was two crosses that were highly significantly. The digenic interaction additive x additive (i) gene effects were highly significant in three crosses, with the exception of cross-I P1 x P2, the additive x dominance (j) gene effects were indicated highly significant in two crosses. The dominance x dominance (l) was determined in highly significant observed in three crosses. Each of the three crosses exhibits a duplicate form of interaction.
2.4 Node number at which first female flower appeared
In three crosses, the mean effect was highly significant. With the exception of cross-I P1 x P2, which was non-significantly, the additive (d) gene effects indicated significantly for cross-II P1 x P3 and highly significant for cross-III P4 x P5.  With the exception of cross-II, P1 x P3 was significant, and the dominance (h) gene effect was two crosses that were highly significant. The digenic interaction additive x additive (i) gene effects were indicated highly significant in all three crosses. With the exception of cross-II P1 x P3, which was non-significant, the additive x dominance (j) gene effects were indicated highly significant in cross-III P4 x P5 and significant in cross-I P1 x P2, with the exception of cross-I P1 x P2, which was non-significantly, dominance x dominance (l) was showed highly significantly for two crosses. In three crosses exhibits a duplicate form of interaction. (Swamini et al.,2021, Thangamamani, 2016 and Mishtra et al., 2015) in bitter gourd.
2.5 Length of fruit (cm)
The mean effect was highly significant in 3 crosses. The additive (d) gene effects for highly significant in cross-I P1 x P2 along with cross-III P4 x P5 except cross-II P1 x P3 significant. Cross-I P1 x P2 and cross-III P4XP5 demonstrated a highly significantly impact of the dominance (h) gene, whereas cross-II P1 x P3 did not yield significant results. Three of the crosses showed highly significant additive x additive (1) gene effects in terms of digenic interactions. In cross-1 (P1 x P2) and cross-II (P1 x P3), the effects of the additive x dominance (j) gene were determined to be highly significant. With the exception of cross-III (P4 x P5), observed non-significantly, these results are consistent with those of (Kushwaha and Harihar Ram,1996). Furthermore, cross-1 (P1 x P2) and cross-III (P4 x P5) showed highly significant dominance x dominance (1) interactions, whereas cross-II (P1 x P3) showed significance. A duplicate type of interaction was observed in three of the crosses. Similarly, results were showed by (Mandal, 2002) in ash gourd and by (Swamini et al.,2021) in bitter gourd. 
2.6 Diameter of fruit (cm)
In three crosses, the mean effect was very significant. In three crosses, the dominance (h) gene effect and the additive (d) gene effect were both highly significant. In three crosses, additive x additive (i) gene effects were founded highly significant in relation to the digenic interaction. Cross-I P1xP2 and cross-II P1 x P3 showed highly significant additive x dominance (j) gene effects. (Kushwaha and Harihar Ram,1996) similarly showed in exception of cross-III (P4 x P5), and dominance x dominance (l) was determined in highly significantly in three crosses. Three crosses display the same kind of interaction twice. (Swamini et al.,2021) reported a similar finding in bitter gourd.
2.7 Weight of fruit (g)
The mean effect's relative magnitude was notably significant in three crosses. The additive (d) gene effects were highly significant in cross-I P1 x P2 and cross-III P4 x P5, with cross-II P1 x P3 significant as well. The dominance (h) gene effect was highly significantly across three crosses. In terms of digenic interaction, the additive x additive (i) gene effects were found to be highly significant in all three crosses, while the additive x dominance (j) gene effects were highly significant in cross-I P1 x P2 and cross-III P4 x P5, but non -significant in cross-II P1xP3. Additionally, dominance x dominance (l) effects were highly significantly in three crosses. A duplicate type of interaction was observed in all three crosses. (Rathod et al., 2021) observed in bitter gourd.
2.8 Number of fruits per vine
The relative magnitude of mean effect was highly significant in 3 crosses. In additive (d) gene effects for highly significantly in cross-I P1 x P2 and cross-III P4xP5 except cross-II P1 x P3 was non significantly and dominance (h) gene effect was 3 crosses were highly significantly. Regarding the digenic interaction, three crosses showed highly significant additive x additive (i) gene effects. With the exception of cross-II P1 x P3, the additive x dominance (j) gene effects were found to be non-significant in cross-I P1 x P2 and cross-III P4xP5. In three crosses, showed that the dominance x dominance (l) was highly significant.  Duplicate type of interaction presents in 3 crosses. (Rao et al., 2000, Tyagi et al., 2010, Hedau and Sirohi, 2004) in ridge gourd and Similar finding reported by (Patil,2010) in muskmelon.
2.9 Fruit yield per vine (kg)
In three crosses, the mean effect was very significant. In cross-1 P1xP2 and cross-II P1xP3, the additive (d) gene effects were highly significant, with the exception of cross-III P4xP5, which was not significant. In contrast, the dominance (h) gene effect was highly significant in three crosses. Three crosses showed highly significant gene effects related to the digenic interaction additive x additive (1). The effects of the additive x dominance (1) gene were showed in significant in cross-II P1 x P3 and cross-III P4xP5, and highly significantly in cross-1 P1 x P2. In three crosses, the dominance x dominance (1) was determined highly significantly. In three crosses, a duplicate form of interaction appears. (Tomar et al., 2008) found similar results in musk melon, and (Sahani et al., 1987) found similar results in ridge gourd and (Rathod et al., 2021) observed in bitter gourd.
Conclusion
In all three crosses, with the exception of cross III P4 x P5, the magnitude of additive (d) gene effects was generally greater than dominance (h) gene effects for the following, length of the vine, number of branches per vine, number of days until the first male and female flowers appeared, number of nodes at which the first male and female flowers appeared, sex ratio, days since the last picking, fruit weight, diameter, and length, number of fruits per vine, fruit yield per vine, fruit yield per plot, and fruit yield per hectare. This suggests that selection can readily enhance these qualities. In cross-III P4 x P5, the number of pickings, three crosses exhibited higher dominance (h) gene effects than dominance x dominance (l) gene effects than additive (d) and additive x dominance (j) gene effects for fruit yield per vine, fruit yield per plot, and fruit yield per ha. This suggests that these combinations could be used for heterosis breeding. In three crosses observed duplicate epistasis observed.

References 
1. Cavalli, L.L. An analysis of linkage in quantitative inheritance. Quantitative inheritance (Ed. E.C.R. Reeve and C.H. Waddington), 1952. pp. 135-144. HMSO, London.
2. Chowdhury, A.R. and Sikdar, B. Genetic analysis for nine fruit characters in relation to five parental diallel crossing of bitter gourd. J. Life Earth Science, 2005. 1(1) : 31-34.
3. Hayman, B.I. and Mather, K., The description of genetics of interaction in continuousvariation. Biometrics, 1955. 51 : 69-82
4. Hayman, I. The separation of epistatic from additive and dominance variation in generation mean. Heridity, 1958, 12 : 371-390.
5. Hedau, N.K. and Sirohi, P.S.. A diallel studies in ridge gourd [Luffa acutangula (Roxb.) L.]. Orissa J. Hort. 2004. 32: 13-14.
6. Kearsey,  M.  J.,  &  Pooni,  H.  S.  The  genetic  analysis  of  quantitative traits, Chapman and Hall, London. 1996.
7. Kumari,  M.,  Behera,  T.  K.,  Munshi,  A.  D.,  &  Talukadar,  A.  Inheritance of fruit traits and generation mean analysis for estimation  of  horticultural  traits  in  bitter  gourd.  Indian  J  Horticulture, 2015. 72, 43-48.
8. Kushwaha, M.L. and Harihar Ram. A note on components of genetic variation in bottle gourd for fruit diameter and length. Veg. Sci., 1996. 23(1) :108- 110.
9. Mandal, J., Shrohi, P.S. and Behera, T. Genetical studies on flowering and fruit maturity in ash gourd [Benincasa hispida (Thunb) Cogn.]. The Orrisa J. Hort., 2002. 30(1): 40- 42.
10. Mather, K. Biometrical Genetics. Methuven and Co. Ltd., London. 1949.  
11. Mishra, S., Behera, T. K., Munshi, A. D., Bharadwaj, C., & Rao, A. R. Inheritance of gynoecism and genetics of yield and yield contributing traits through generation mean analysis in bitter gourd. Indian Journal of Horticulture, 2015. 72(2), 218-222. DOI : 10.5958/0974-0112.2015.00042.0
12. Patil, P.D. 2010. Genetic variability studies in bottle gourd (Lagenaria siceraria (Mol.) Standl.) M.Sc. (Agri.) Thesis, Submitted to Mahatma Phule Krishi Vidyapeeth, Rahuri, M.S., India.
13. Rani, K. R., Reddy, K. R., & Raju, C. S. Study of gene effects for yield and its component traits in bitter gourd (Momordica charantia L.) by generation mean analysis. Electron J Plant Breeding, 2013. 4, 1237-1241.
14. Rao, B.N., Rao, P.V. and Reddy, Y.N. Combining ability studies in ridge gourd [Luffa acutangula (Roxb.) L.]. Int. J. Trop. Agric. 2000. 18: 141-46.
15. Rathod, V., Behera, T. K., Munshi, A. D., Jat, G. S., & Gaikwad, A. B. Genetic analysis for yield and its attributes in bitter gourd  (Momordica  charantia).  Indian  J  Agric  Science, 2021. 91,  68 -73. https://doi.org/10.56093/ijas.v91i1.110928
16. Sahani, G.P., Singh, R.K. and Saha, B.C.. Genotypic and phenotypic variability in ridge gourd. Indian J. Agri. Sci., 1987. 57(9) : 666-668.
17. Seshadri, V. S. Cucurbits Vegetable crops in India, Ed. Bose T. K. and Som, M. G. Noya Prakash, Culcutta, India pp. 1986., 91-164.
18. Shasikumar, K.T., Pitchaimuthu, M. and Rawal, R.D.. Generation mean analysis of resistance to downey mildew in adult muskmelon plants. Euphytica. 2011 173 : 121-127.  https://doi.org/10.1111/j.1439-0523.2010.01798.x
19. Swamini Bhoi, Varalakshmi, B., Rao, E.S., Pitchaimuthu, M. and Hima Bindu, K.. Generation mean analysis of important yield traits in bitter gourd (Momordica charantia) J. Hortl. Sci. 2021. 16(2) : 215-221.
20. Thangamani, C. Genetic analysis in bitter gourd (Momordica charantia L.) for yield and component characters. Asian Journal of Horticulture, 2016. 11(2), 313-318.
21. Tomar, R.S., Kakade, D. K., Kulkarni, G.U., Patel, A.D. and Acharya, R.R. Genetic components for yield and its contributing traits in musk melon. Asian J. Hort., 2008. 3(2) : 208-211.
22. Tyagi, S.V.S., Sharma, P., Siddiqui, S.A. and Khandelwal, R.C. Combining ability for 
yield and fruit quality in Luffa. Int. J. Veg. Sci. 2010. 16: 267-77.
[bookmark: _Hlk205205660]Table 1. Estimate of scaling test of different characters in Ridge gourd

	Crosses
	Days to appearance first male flower
	Days to appearance first female flower
	Node no. at which first male flower appeared
	Node no. at which first female flower appeared

	C-I	A
	-0.50
	-1.20
	0.05
	1.50

	B
	0.80
	2.15**
	1.35*
	-0.50

	C
	-8.35**
	-6.00**
	-1.90*
	-8.70**

	C-II	A
	2.20*
	2.60*
	1.60**
	1.45

	B
	-2.95
	1.00
	-0.25
	0.80

	C
	-1.30
	-4.00*
	-1.95*
	-5.00**

	C-III A
	3.95**
	3.55**
	1.30**
	0.80

	B
	3.20**
	4.15**
	3.30**
	4.55**

	C
	-2.80*
	-6.20**
	-2.30**
	-7.20**



	Crosses
	Diameter of
fruit (cm)
	Length of
fruit (cm)
	Weight of
fruit (g)
	No. of fruits per vine
	Fruit yield per vine (kg)

	C-I	A
	-0.88**
	      -5.40**
	-8.10
	-1.35
	-0.45**

	B
	0.95**
	3.00**
	-33.20**
	-2.20**
	-1.14**

	C
	2.11**
	10.10**
	100.30**
	22.55**
	5.43**

	C-II	A
	-1.55**
	-3.95*
	-26.50**
	-2.15*
	-0.94**

	B
	-0.43**
	2.25
	-28.45**
	-4.25**
	-1.33**

	C
	-0.72*
	3.35
	20.55*
	11.60**
	1.63**

	C-III A
	-0.55**
	-5.65**
	-20.25**
	-2.45**
	-1.01**

	B
	-0.72**
	    -5.35**
	7.50
	-3.75**
	-0.59**

	C
	2.17**
	7.20**
	111.20**
	17.95**
	4.94**




[bookmark: _Hlk207974373]Table 2. Estimation of gene effect in six parameter model for different characters in ridge gourd

	Cross/ characters
	Joint scaling test (X2)
	m
	d
	h
	i
	j
	l
	Type of Epistasis

	Days to appearance of first male flower

	Cross-I
	94.91**
	40.68**
	-1.50**
	5.30**
	8.65**
	-0.65
	-8.95*
	D

	Cross-II
	17.11**
	41.35**
	1.07*
	2.30**
	4.85**
	0.42
	-8.40
	D

	Cross-III
	101.65**
	42.05**
	-1.02**
	4.05**
	9.95**
	0.37
	-17.10**
	D

	Days to appearance of first female flower

	Cross-I
	98.02**
	46.02**
	-1.32**
	3.90**
	9.35**
	-0.47
	-12.70**
	D

	Cross-II
	23.43**
	46.28**
	1.35*
	4.15*
	7.60**
	0.80
	-11.20**
	D

	Cross-III
	129.85**
	45.72**
	-1.65**
	6.95**
	13.90**
	0.30
	-21.60**
	D

	Node number at which first male flower appeared

	Cross-I
	34.00**
	3.82**
	-1.25
	0.90**
	3.30**
	-0.65*
	-4.70**
	D

	Cross-II
	59.16**
	4.03**
	0.47*
	1.65*
	3.30**
	0.92**
	-4.65**
	D

	Cross-III
	237.59**
	3.55**
	-1.55**
	4.05**
	6.90**
	-1.00**
	-11.50**
	D

	Node number at which first female flower appeared

	Cross-I
	107.22**
	11.45**
	0.45
	6.85**
	9.70**
	1.00*
	-10.70
	D

	Cross-II
	76.74**
	12.10**
	-0.67*
	2.95*
	7.25**
	0.32
	-9.50**
	D

	Cross-III
	220.68**
	10.85**
	-2.27**
	6.45**
	12.55**
	-1.87**
	-17.90**
	D

	Length of fruit (cm)

	Cross-I
	116.62**
	30.85**
	-2.65**
	-6.95**
	-12.50**
	-4.20**
	14.90**
	D

	Cross-II
	46.42**
	27.48**
	-1.20*
	-2.15
	-5.05**
	-3.10**
	6.75*
	D

	Cross-III
	238.26**
	28.30**
	2.35**
	-12.00**
	-18.20**
	-0.15
	29.20**
	D

	Diameter of fruit (cm)

	Cross-I
	197.04**
	3.10**
	-0.85**
	-1.59**
	-2.04**
	-0.92**
	1.96**
	D

	Cross-II
	109.05**
	2.67**
	-0.72**
	-0.72**
	-1.26**
	-0.56**
	3.24**
	D

	Cross-III
	509.92**
	3.02**
	0.33**
	-3.16**
	-3.45**
	0.08
	4.73**
	D

	Weight of fruit (g)

	Cross-I
	540.09**
	152.30**
	17.00**
	-112.65**
	-141.60**
	12.55**
	182.90**
	D

	Cross-II
	120.39**
	137.71**
	5.82*
	-35.05**
	-75.50**
	0.97
	130.45**
	D

	Cross-III
	669.31**
	151.57**
	-9.72**
	-81.30**
	-123.95**
	-13.87**
	136.70**
	D

	Number of fruits per vine

	Cross-I
	576.63**
	28.06**
	1.27**
	-16.75**
	-26.10**
	0.42
	29.65**
	D

	Cross-II
	215.03**
	23.85**
	2.55
	-10.30**
	-18.00**
	-1.05*
	24.40**
	D

	Cross-III
	555.14**
	29.28**
	2.25**
	-11.95**
	-24.15**
	0.65
	30.35**
	D

	Fruit yield per vine (kg)

	Cross-I
	867.27**
	4.28**
	0.51**
	-5.19**
	-7.02**
	0.34**
	8.62**
	D

	Cross-II
	387.46**
	3.28**
	0.41**
	-2.07**
	-3.91**
	0.19*
	6.19**
	D

	Cross-III
	1007.77**
	4.44**
	-0.03
	-3.99**
	-6.55**
	-0.20*
	8.17**
	D






