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Trait association and magnitude of direct and indirect effects on fibre yield in Tossa jute (Corchorus olitorius L.) genotypes

ABSTRACT
The present investigation was carried out with 52 accessions of tossa jute genotypes along with 2 checks to estimates the association among different traits and magnitude of direct and indirect effects on fibre yield per plot. Results of correlation analysis pointed out highly significant and positive association at both phenotypic and genotypic levels by plant height (rp=0.461** & rg=0.497**), basal diameter (rp=0.357** &rg =0.315**), mid stem diameter (rp=0.288** & rg=0.231**), plant population per plot (rp=0.691** & rg=0.696**), green biomass per plant (rp=0.691** & rg=0.711**), stick length (rp=0.482** & rg=0.506**), fibre percent (rp=0.306** & rg=0.668**), fibre weight per plant (rp=0.729** & rg=0.735**) with fibre yield per plot. The magnitudes of genotypic correlation were found higher than the phenotypic correlation. Partitioning of yield and its component traits into direct and indirect contribution of the traits, Green biomass per plant (0.739) exhibited highest positive direct effects on fibre yield per plot at phenotypic level followed by the plant population per plot (0.628) and fibre percent (0.312). Hence, these parameters may be considered as selection indices in jute breeding programmes.
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Introduction
Jute is an important natural fibre crop in India next to cotton play an important role in country’s economy. Raw jute was originally considered as source material for packaging industries only. But it has now emerged as versatile 	raw material for diverse application such as, textile industries, paper industries, building and automotive industries, use as soil savour, use as decorative and furnishing materials, etc. Raw jute being bio-degradable and annually renewable source, source it is consider as an environment-friendly crops and it helps in the maintenance of environment and ecological balance. Now-a day, the people of the world are very much worried about growing environmental pollution and ecological degradation and they are trying to find out a solution of this problem. In the process, they find out virtue of the use of natural fibre like raw jute and as such there is a prospect of the crop in future. Jute as a natural fibre has some definite inherent advantages. Its silky lusture, high tensile strength, low exhaustibility, considerable heat resistance and long staple length are the qualities that cannot be matched by synthetic fibre. Further attraction of jute lies in its easy availability, inexhaustible quantity at a comparatively cheaper rate. Moreover, it can easily be blended with other natural and man-made fibres. It shares nearly 0.35 percent to the total cropped area in the country (DJD, 2023). Two species of jute viz., Corchorus capsularis known as white jute and Corchorus olitorius known as tossa/daisee jute belonging to the family Malvaceae and are cultivated for fibre purpose. Tossa jute thrives in upland areas as it is sensitive to prolonged waterlogging during its active growth phase. Jute fibre is derived from the bark (secondary phloem tissue), that is why jute fibre is classified as a bast fibre. Yield is a polygenic trait, knowledge of the magnitude and type of association between yield and its component traits, greatly helps in assessing the contribution of remaining characters towards yield which is highly influenced by the fluctuations in environment (Nalini et al. 2024). The study of interactions among traits is essential for assessing the possibility of joint selection for two or more characters. Path coefficient analysis segregates correlation coefficient into direct and indirect contributions of various traits towards dependent variable, thus guiding the cause-effect relationship as well as effective selection. Hence, keeping above the point in consideration the present investigation aimed to accesses the association among different traits and magnitude of direct and indirect effects on yield in Jute genotypes.	Comment by PERSONAL: Scientific term should be in italics	Comment by PERSONAL: italics	Comment by PERSONAL: crutial
Materials and Methods	Comment by PERSONAL: pl include numbering for each heading like 1, 1.1, 2.1, etc….
[bookmark: _GoBack]	 The field experiment under study was “Assessment of association among different traits and magnitude of direct and indirect effects on yield in Jute (Corchorus olitorius) genotype, conducted at research farm of Bhola Paswan Shastri Agricultural College, Purnea   during kharif 2024. It is located in humid and sub-tropical climatic conditions with average annual rainfall 1411 mm, and mean temperatures ranged 44°C to 30°C with an average annual relative humidity of more than 70%. Fifty-two Jute genotypes were evaluated in a field experiment under Randomized Block Design (RBD) with three replications and spacing 30cm X 7cm. Recommend fertilizer dose (N: P: K) 80:40:40 kg/ha and all the cultural practices were followed to raise healthy crop. The data were recorded from five randomly selected plants for each genotype in each replication for nine quantitative characters viz., plant height (cm), basal diameter (cm), mid stem diameter (cm), plant population per plot, green biomass per plant (g), stick length (cm), fibre percent, fibre weight per plant (g) and fibre yield per plot (kg). The replication wise mean value of the genotypes was subjected to statistical analysis using INDOSTAT-9.2 software.	Comment by PERSONAL: need not want to repeat under M and M section
Results and Discussion
Trait association
	The results on phenotypic and genotypic correlation coefficients analysis were represented in table-1 and table-2 respectively. The estimates of correlation coefficient at both genotypic and phenotypic level highlighted that the trait fibre yield per plot had  highly significant positive association with the traits namely plant height (rp=0.461** & rg=0.497**), basal diameter (rp=0.357** & rg=0.315**), mid stem diameter (rp=0.288** & rg=0.231**), plant population per plot (rp=0.691** & rg=0.696**), green biomass per plant (rp=0.691** & rg=0.711**), stick length (rp=0.482** & rg=0.506**), fiber percent (rp=0.306** & rg=0.668**) and fibre weight per plant (rp=0.729** & rg=0.735**). The highly significant and positive association of fibre yield per plot with plant height, basal diameter, mid stem diameter,plant population per plot, green biomass per plant,stick length, fibre percent and fibre weight per plant and this could be successfully exploited for enhancing the fibre yielding potential of Jute. Similar findings were observed by Das and Kumar (2016), Sawarkar et al. (2014) and Islam et al. (2009). For the traits fibre weight per plant highly significant and positively correlated was found with plant height (rp=0.602** & rg=0.761**), basal diameter (rp=0.456** & rg=0.324**), mid stem diameter(rp=0.368** & rg=0.231**), green biomass (rp=0.728** & rg=0.545**), stick length (rp=0.596** & rg=0.773**),  and fiber percent  (rp=0.254** & rg=0.698**),  at both phenotypic and genotypic level and plant population per plot (rp=0.058 & rg=0.044**) had positive association at phenotypic level and highly positive significant association at genotypic level, these findings  are in accordance with Alam et ai. (2024). Traits fibre percent had highly significant and positively correlation with plant height (rp=0.207** & rg=0.387**) and stick length (rp=0.242** & rg=0.466**) at both phenotypic and genotypic level and significant positive association with basal diameter and mid stem diameter at phenotypic level and at genotypic level, highly significant and positive correlation observed with plant height basal diameter mid stem diameter plant population per plot, green biomass per plant and stick length. Similar result was also reported by Islam et al. (2009) and Kumar et al. (2023). For the trait stick length highly significant and positively association was observed with plant height (rp=0.652** & rg=0.749**) and green biomass per plant (rp=0.578** & rg=0.759**) at phenotypic and genotypic level. Trait green biomass per plant was found to highly significant and positively correlated with plant height (rp=0.605** & rg=0.787**), basal diameter (rp=0.420** & rg=0.268**) and mid stem diameter (rp=0.335** & rg=0.170*) at phenotypic and genotypic level. Trait plant population per plot had negative association with plant height at both genotypic and phenotypic level and positive association with basal diameter, mid stem diameter at phenotypic and genotypic level this is in accordance of Arpita, D and Kumar, D (2016). Trait mid stem diameter had highly significant and positive association with basal diameter (rp=0.523** & rg=0.751**) at phenotypic and genotypic level.
Path coefficient analysis
[bookmark: _Hlk204081442] The direct and indirect effects at both phenotypic and genotypic level are presented in the table-3 and table-4, respectively. Partitioning of fibre yield per plot and its component traits into direct and indirect effects revealed that the characters green biomass (0.739) had maximum positive direct effect on fibre yield per plot at phenotypic level followed by the plant population per plot (0.629), fibre percent (0.312), stick length, plant height, fibre weight per plant, mid stem diameter and basal diameter. At genotypic level plant population per plot (0.641) had maximum positive direct effect on fibre yield per plot followed by basal diameter (0.500), mid stem diameter (0.455), green biomass (0.401) fibre weight per plant, fibre percent, stick length and plant height. these results are in close conformity with the finding of Alam et al. (2024), Kumar et al. (2023) and Islam et al. (2009). Hence, these traits can be considered as selection indices for jute improvement programme. The residual effect at both genotypic and phenotypic level are found minimum i.e. 0.059 and 0.097, respectively. Low residual effect values disclose that the independent traits explain 90% of the variability in fibre yield per plot. The similar results also were obtained by Roy et.al 2015. Almost all the important fibre yield contributing to traits are included in the present study. 


Conclusion 
	Trait association and path coefficient analysis disclose the influence of independent character on dependant character namely fibre yield per plot. Results of correlation analysis pointed out highly significant and positive association at both phenotypic and genotypic levels by plant height, basal diameter, mid stem diameter, plant population per plot, green biomass per plant, stick length, fibre percent and fiber weight per plant with the dependent character fibre yield per plot. Partitioning of yield and its component traits at phenotypic levels into direct and indirect contribution of the traits exhibited highest positive direct effects on fibre yield per plot were green biomass followed by plant population per plot and fibre percent. Hence, these parameters may be considered as selection indices in tossa jute breeding programmes.
References

 Alam, M J., Mukul M.M., Yahiya A.S.M., Mahmud F and. Bhuiyan M.S.R (2024). Genetic variability, character association and path analyses effects on fiber yield and yield attributing morpho-agronomic traits of tossa jute (Corchorus olitorius L.). Plant Science Today Vol 11(4): 945–961.
Arpita, D. and Kumar, D. (2016). Genetic divergence and character association for yield and quality attributing characters in tossa jute (Corchorus olitorius L.). Electronic Journal of Plant Breeding. 7(3): 529-537.
Burton G. W. (1952). Quantitative inheritance in grasses. Proc. Sixth Int. Grassland Cong. 1: 277-283
Directorate of jute development, GOI 2023. status of raw jute cultivation in India.
Islam, M.M., Ali, M.A., Bhuiyan M.S.R., Rahman, M.M. and Yahiya, A.S.M. (2009). Genetic variability, character association and path analysis in Tossa jute ii (Corchorus olitorius L.) germplasm. Journal of Sher-e-Bamgla Agricultural University. 2(2): 89-93.
Islam, M.S., Uddin, M.N., Haque, M.M. and Islam, M.N. 2001. Path coefficient analysis for some fibre yield related traits in white jute (Corchorus capsularis L.). Pakistan J. Biol. Sci., 4(1): 47-49.
Kar, C.S., Kundu, A., Sarkar, D., Sinha, M.K. and Mahapatra, B.S. 2009. Genetic diversity in jute (Corchorus spp.) and its utilization: A review. Indian J Agric. Sci., 79(8): 578-586.
Kumar, V., Pandey, M. K., Priya, A. and Suman, S. K. (2023). Correlation and Path Analysis for Fiber Yield and Its Constituent Component Characters in Jute Mallow (Corchorus olitorius L.). Current Agriculture Research Journal, 11(3).
Kundu B.C. 1951. Origin of jute.Indian J. Genet.Plant Breeding.,11: 95-99.
Mia MM, Nargis A, Golam M, Sheikh SUA, Iffat JN and Al-Mamun H. Analyses of genetic variability, character association, heritability and genetic advance of Tossa Jute (Corchorus olitorius) genotypes for morphology & stem anatomy. American Journal of BioScience. 2020; 8(4): 99-112.
Naidu GN., KumarP, ElangovanM, ReddyVN and Gogada R. (2024). Trait association and magnitude of direct and indirect effects on yield in sorghum (Sorghum bicolor L. Moench) genotypes. Journal of Cereal Research 16 (2): 193- 199.
Nayak B.K. and Baisakh B. Character association and path analysis in tossa jute (Corchorus olitorius L.). Environmental Ecology. 2008; 26(1A): 361-363.
Rao C. R. (1952). Advance statistical methods in biometrical research, John Wiley and Sons Inc. New York: 383
Roy S. K., Karmakar P. G., Bhaduri S. K., Das B., Kale V. A.  and Haque S. (2015). Genetic Diversity, Variability and Correlation Study in Tossa Jute (Corchorus olitorius L.). Indian Journal of Natural Fibres v.1 n.2, p. 225-232.
Roy S.K., Mitra B., S. Sadhu, S., Das S.S., Vishnupriya1 S., Thapa B., Das B.and Surje D.T (2024). Dissection of genetic variability and stability analysis for fibre yield in white jute (Corchorus capsularis l.) Genotypes under sub-himalayan plains. Plant Archives Vol. 24, No. 2, 2024 pp. 427-438
Sawarkar A, Yumnam S, Patil S.G. and Mukherjee S. Correlation and path coefficient analysis of yield and its attributing traits in tossa jute (Corchorus olitorius L.). The Bioscan. 2014; 9(2): 883-887.














Table 1: Phenotypic Correlation coefficient of nine different traits in Tossa jute 
	 Characters
	PH
	BD
	MSD
	PP
	GB
	SL
	FP
	FW
	FY

	PH
	1.000 
	0.021
	-0.019
	-0.014
	0.605**
	0.652**
	0.207**
	0.602**
	0.461**

	BD
	 
	1.000 
	0.523**
	0.044
	0.420**
	0.035
	0.189*
	0.456**
	0.357**

	MSD
	 
	 
	1 .000
	0.039
	0.335**
	0.007
	0.168*
	0.368**
	0.288**

	PP
	 
	 
	 
	1.000
	0.057
	0.020
	0.071
	0.058
	0.691**

	GB
	 
	 
	 
	 
	1.000 
	0.578**
	-0.049
	0.728**
	0.691**

	SL
	 
	 
	 
	 
	 
	1.000 
	0.242**
	0.596**
	0.482**

	FP
	 
	 
	 
	 
	 
	 
	1.000 
	0.254**
	0.306**

	FW
	 
	 
	 
	 
	 
	 
	 
	1.000 
	0.729**


[bookmark: _Hlk204080362]*&**: significant level at 5% and 1%, respectively. PH: Plant height (cm), BD: Basal diameter (cm), MSD: Mid stem diameter (cm): PP: plant population per plot, GB: Green biomass per plant (g), SL: stick length (cm), FP: fibre percent, FW: Fibre weight per plant (g), FY: Fibre yield per plot (kg)
Table 2: Genotypic Correlation coefficient of nine different traits in Tossa jute
	Characters 
	PH
	BD
	MSD
	PP
	GB
	SL
	FP
	FW
	FY

	PH
	1.000 
	0.119
	0.058
	-0.089
	0.787**
	0.749**
	0.387**
	0.761**
	0.497**

	BD
	 
	1.000 
	0.791**
	0.031
	0.268**
	0.110
	0.700**
	0.324**
	0.315**

	MSD
	 
	 
	1. 000
	0.014
	0.170*
	0.034
	0.631**
	0.231**
	0.231**

	PP
	 
	 
	 
	1.000 
	0.032**
	-0.076
	0.232**
	0.044**
	0.696**

	GB
	 
	 
	 
	 
	1.000 
	0.759**
	0.509**
	0.545**
	0.711**

	SL
	 
	 
	 
	 
	 
	1.000 
	0.466**
	0.773**
	0.506**

	FP
	 
	 
	 
	 
	 
	 
	1.000 
	0.698**
	0.668**

	FW
	 
	 
	 
	 
	 
	 
	 
	1.000 
	0.735**


*&**: significant level at 5% and 1%, respectively. PH: Plant height (cm), BD: Basal diameter (cm), MSD: Mid stem diameter (cm): PP: plant population per plot, GB: Green biomass per plant (g), SL: stick length (cm), FP: fibre percent, FW: Fibre weight per plant (g), FY: Fibre yield per plot (kg)
 Table 3: Phenotypic path coefficient analysis for direct and indirect effects of fibre yield and yield components traits in Tossa jute
	Characters 
	PH
	BD
	MSD
	PP
	GB
	SL
	FP
	FW

	PH
	0.106
	-0.002
	0.002
	0.001
	-0.064
	-0.102
	-0.022
	-0.064

	BD
	0.001
	0.031
	0.029
	0.001
	0.013
	0.001
	0.006
	0.014

	MSD
	0.001
	-0.040
	0.042
	-0.002
	-0.014
	0.000
	-0.007
	-0.015

	PP
	-0.061
	0.028
	0.024
	0.628
	0.036
	0.013
	0.044
	0.036

	GB
	0.341
	0.310
	0.185
	0.042
	0.739
	0.427
	-0.036
	0.541

	SL
	0.107
	0.004
	0.001
	0.002
	0.064
	0.111
	0.027
	0.066

	FP
	0.038
	0.059
	0.052
	0.022
	-0.015
	0.076
	0.312
	0.079

	FW
	-0.070
	-0.033
	-0.047
	-0.004
	-0.067
	-0.043
	-0.018
	0.072

	FY
	0.461
	0.357
	0.288
	0.691
	0.691
	0.482
	0.306
	0.729


Residual effect: 0.097; PH: Plant height (cm), BD: Basal diameter (cm), MSD: Mid stem diameter (cm): PP: plant population per plot, GB: Green biomass per plant (g), SL: stick length (cm), FP: fibre percent, FW: Fibre weight per plant (g), FY: Fibre yield per plot (kg)

Table 4: Genotypic path coefficient analysis for direct and indirect effects of fibre yield and yield components traits in Tossa jute
	Characters  
	PH
	BD
	MSD
	PP
	GB
	SL
	FP
	FW

	PH
	0.065
	-0.008
	-0.004
	0.006
	-0.052
	-0.066
	-0.025
	-0.050

	BD
	0.059
	0.500
	-0.415
	0.015
	0.134
	0.055
	0.349
	0.162

	MSD
	-0.057
	-0.451
	0.455
	-0.007
	-0.078
	-0.018
	-0.287
	-0.105

	PP
	-0.081
	0.020
	0.009
	0.641
	0.021
	-0.049
	0.149
	0.028

	GB
	0.250
	0.108
	0.068
	0.013
	0.401
	0.304
	0.204
	0.383

	SL
	0.109
	0.012
	0.004
	-0.008
	0.082
	0.108
	0.050
	0.084

	FP
	0.049
	0.088
	0.080
	0.029
	0.064
	0.059
	0.126
	0.088

	FW
	0.102
	0.047
	0.034
	0.006
	0.139
	0.112
	0.102
	0.146

	FY
	0.497
	0.315
	0.231
	0.696
	0.711
	0.506
	0.668
	0.735


Residual effect: 0.059; PH: Plant height (cm), BD: Basal diameter (cm), MSD: Mid stem diameter (cm): PP: plant population per plot, GB: Green biomass per plant (g), SL: stick length (cm), FP: fibre percent, FW: Fibre weight per plant (g), FY: Fibre yield per plot (kg)









