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Understanding relationships among agro-morphological, physiological,
and biochemical traits is important for Corchorus olitorius L. characteri
zation and improvement. This study investigated traits associations
among 13 genotypes, focusing on leaf and pod biochemical characterist
ics.Thirteen genotypes were evaluated in a randomized complete block
design with two replications during the 2025-2026 dry season in Lomé,
Togo. Agro-morphological traits, relative leaf chlorophyll content, and
leaf and pod biochemical characteristics were assessed. Spearman's
correlations were calculated using genotype means, with Benjamini—
Hochberg correction at a 5% false discovery rate. Relative leaf
chlorophyll content was negatively correlated with leaf width (p =
—0.791, adjusted P = 0.019). Leaf moisture was positively associated
with ash content (p = 0.835, adjusted P = 0.004). Pod moisture was
negatively correlated with high heating value (p = —0.811, adjusted P =
0.008), whereas pod crude fibre showed a positive association (p =
0.804, adjusted P = 0.008). No cross group correlations remained signif
icant after correction.Significant associations were mainly observed
within individual trait groups, highlighting distinct patterns of morphol

ogical, physiological, and biochemical variation. These findings reveal
significant associations within morphological, physiological, and
organ - specific biochemical traits, while highlighting the limited
evidence for relationships between morphological and biochemical
characteristics.
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Introduction:-

Corchorus olitorius L. (C. olitorius), from the Malvaceae family, is a leafy vegetable cultivated in tropical and
subtropical regions for its nutritional and multiple-use properties. Its leaves contain dietary fibre, minerals, vitamins,
lipids, and bioactive compounds (Abdel-Razeket al., 2022; Bonnotet al., 2025). Beyond its use as a vegetable, the
species provides fibre and other plant materials with potential industrial applications (Satyaet al., 2014; Islam et al.,
2017). Understanding the relationships among agronomic, physiological, and biochemical characteristics is therefore
relevant to its characterization and improvement.

Previous studies have documented considerable agro-morphological diversity in C. olitorius. Adeboet al. (2015)
identified variation in plant height, branching, leaf dimensions, and flowering characteristics among cultivars from
Benin. Youssef et al. (2019) reported morphophysiological and molecular diversity among Egyptian landraces.
Similarly, Adeyemoet al. (2021) demonstrated variation in morphological traits among African cultivars, while
AlJuhani and Aljohani (2024) documented differences in vegetative and reproductive characteristics among
germplasm from different geographical origins. Other studies have reported variation in growth and yield-related
traits and their associations in Corchorusgermplasm (Adenijiet al., 2022; Satyaet al., 2014; Dubeet al., 2019). These
studies provide useful information for germplasm characterization, although they primarily emphasize
morphological and genetic diversity.

Biochemical investigations have also contributed to understanding the composition of C. olitorius. Abdel-Razeket
al. (2022) reviewed its nutritional constituents and phytochemical diversity, while Bonnotet al. (2025) characterized
the chemical and nutritional composition of its leaves. Other investigations have documented variation in proximate
composition and bioactive constituents (Ndlovu and Afolayan, 2008; Choudharyet al., 2013). Moisture, ash, crude
fibre, and crude lipid contents provide complementary information on plant composition, while high heating value
reflects the energy released during combustion. Evaluating these characteristics in both leaves and pods may reveal
relationships within and between plant organs.

Correlation analysis provides a means of examining the direction and strength of relationships among quantitative
traits. In crop improvement, these associations can help identify traits that vary together and generate hypotheses
about their biological relationships (Falconer and Mackay, 1996; Dewey and Lu, 1959). Studies on Corchorus have
also demonstrated the usefulness of trait associations for understanding morphological variation and yield-related
characteristics (Dubeet al., 2019; Adenijiet al., 2022). However, correlations do not necessarily indicate causal
relationships or establish reliable criteria for indirect selection. Their interpretation requires consideration of
experimental design and statistical uncertainty.

Although previous investigations have characterized morphological diversity and leaf biochemical composition in C.
olitorius, integrated information on relationships among agro-morphological, physiological, and leaf and pod
biochemical traits remains limited. In particular, associations between plant architecture, relative chlorophyll
content, and biochemical composition across plant organs require further investigation. Therefore, this study
examined trait associations in 13 C. olitorius genotypes. Specifically, it aimed to assess relationships (i) among
agro-morphological and physiological traits, (ii) among biochemical characteristics within leaves and pods, (iii)
between agro-morphological and biochemical traits, and (iv) between leaf and pod biochemical characteristics. The
findings provide an exploratory basis for understanding trait relationships and informing future crop improvement
research.

Material and Methods:-

- Study site, plant materials, and experimental design:-

The experiment was conducted at the Station d’ExpérimentationAgricole de Lomé (SEAL-UL), University of Lomé,
Togo. The trial was carried out during the 2026 dry season, from December 2025 to March 2026. Thirteen
genotypes of C. olitorius were evaluated in a randomized complete block design (RCBD) with three replications.
Each experimental plot consisted of 15 plants. Five plants per plot were randomly selected for data collection.

- Agro-morphological and physiological measurements:-

Six agro-morphological and physiological traits were evaluated: plant height, stem diameter, number of primary
branches, leaf length, leaf width, and relative leaf chlorophyll content. Measurements followed standard procedures
for morphological characterization (Adeboet al., 2015; Youssef et al., 2019; Adeyemoet al., 2021).
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Plant height was measured from the soil surface to the apex of the main stem, Stem diameter was measured at the
base of the stem using a digital calliper, Primary branches were counted directly, Leaf length was measured from the
base to the tip of the lamina, and leaf width was recorded at its widest point.Relative leaf chlorophyll content was
estimated using a portable chlorophyll meter (SPAD-502 Plus, Konica Minolta, Japan). Measurements were taken
on healthy, fully expanded leaves and expressed as SPAD index values (Uddlinget al., 2007).

- Biochemical analysis:-

Five biochemical characteristics were evaluated separately in leaves and pods, including moisture content, ash
content, crude fibre, crude lipid, and high heating value (HHV).Leaf and pod samples were collected from five
representative plants per genotype in each replication. Samples from the five plants within each plot were combined
to obtain one composite sample per experimental unit. Fresh leaf and pod samples were first subsampled for
moisture determination (3 g per sample). The remaining material was dried at 60 °C until a constant mass was
obtained. Dried samples were subsequently milled, sieved through a 1-mm mesh, and kept in sealed containers
under dry conditions until biochemical evaluation. Leaves were harvested at the vegetative stage, while pods were
collected 10 days after flowering.

Biochemical constituents were quantified using established AOAC methods (AOAC International, 2019). Moisture
was assessed through mass loss during drying (AOAC 930.04), while ash was quantified following furnace
incineration (AOAC 930.05). Crude fibre was determined by successive acid and alkaline treatments (AOAC
930.10), and crude lipid was extracted using an organic solvent (AOAC 930.09). Except for moisture, which was
expressed on a fresh-weight basis, biochemical results were reported relative to dry matter.The gross energy content
of leaf and pod materials was assessed by oxygen bomb calorimetry in accordance with ISO 18125:2017.
Approximately 1 g of dried sample was subjected to complete combustion in a pressurized oxygen chamber. The
resulting temperature increase was used to determine high heating value (HHV), expressed in MJ kg! of dry matter.

- Statistical analysis:-

Agro-morphological, physiological, and biochemical data were used to investigate trait associations. Mean values
were calculated for each genotype before correlation analysis. Spearman's rank correlation coefficients (p) were
computed to assess relationships among traits.Correlations were examined within and between agro-morphological
and physiological traits, leaf biochemical traits, and pod biochemical traits. Statistical significance was evaluated
using the Benjamini—-Hochberg procedure to control the false discovery rate at 5% (Benjamini and Hochberg,
1995).Five correlation heatmaps were generated to illustrate the direction and magnitude of trait associations: (i)
among agro-morphological and physiological traits, (ii) among leaf biochemical traits, (iii) among pod biochemical
traits, (iv) between agro-morphological and biochemical traits, and (v) between leaf and pod biochemical traits.
Positive and negative correlations were distinguished using a colour gradient. Statistically significant associations
were identified using adjusted P-values below 0.05.The Benjamini—Hochberg correction was applied separately
within the five predefined groups of correlation tests corresponding to the five heatmaps. All statistical analyses
were performed using R version 4.5.3.

Results:-

- Correlations among agro-morphological and physiological traits:-

Spearman's correlation analysis revealed both positive and negative associations among agro-morphological and
physiological traits (Figure 1). A strong negative correlation was observed between relative leaf chlorophyll content
and leaf width (p =—0.791, adjusted P = 0.019). This was the only association that remained statistically significant
after Benjamini—Hochberg correction. Relative chlorophyll content was also negatively correlated with the number
of primary branches (p = —0.592), although this association was not significant after correction (adjusted P = 0.165).
The remaining correlations were not statistically significant (adjusted P > 0.05).
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Figurel. Spearman correlation heatmap of agro-morphological and physiological traits in 13 Corchorus
olitorius genotypes.p: correlation coefficients ranging from —1 to +1; *: indicate associations significant after
Benjamini—Hochberg (BH) correction (adjusted P < 0.05).

- Correlations among leaf and pod biochemical traits:-

Correlation patterns differed between leaf and pod biochemical characteristics (Figures 2 and 3). In leaves, moisture
content showed a strong positive correlation with ash content (p = 0.835, adjusted P = 0.004). This was the only
significant association among the five leaf biochemical traits.In pods, two significant correlations were identified.
Moisture content was strongly and negatively correlated with high heating value (p = —0.811, adjusted P = 0.008).
Conversely, crude fibre content was positively correlated with high heating value (p = 0.804, adjusted P = 0.008).
No other associations among pod biochemical traits remained significant after correction.
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Figure2.Spearman correlation heatmap of leaf biochemical traits in 13 Corchorus olitorius genotypes. p:

correlation coefficients ranging from —1 to +1; *: indicate associations significant after Benjamini—-Hochberg
(BH) correction (adjusted P < 0.05).
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Figure 3. Spearman correlation heatmap of pod biochemical traits in 12 Corchorus olitorius genotypes.p:
correlation coefficients ranging from —1 to +1; *: indicate associations significant after Benjamini—-Hochberg
(BH) correction (adjusted P < 0.05).

- Correlations between agro-morphological, physiological and biochemical traits:-

Correlations between agro-morphological, physiological and biochemical traits varied in direction and magnitude
(Figure 4). Leaf width exhibited a strong negative correlation with pod moisture content (p = —0.811, adjusted P =
0.082) and a positive correlation with pod high heating value (p = 0.706, adjusted P = 0.230). Leaf length was
negatively correlated with leaf ash content (p = —0.670, adjusted P = 0.230). However, none of the 60 cross-group
correlations remained statistically significant after Benjamini—Hochberg correction (adjusted P > 0.05).
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Figure 4. Spearman correlations between agro-morphological, physiological and biochemical traits in
Corchorus olitorius genotypes. p: correlation coefficients ranging from —1 to +1; *: indicate associations
significant after Benjamini-Hochberg (BH) correction (adjusted P < 0.05).
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- Correlations between leaf and pod biochemical traits:-

Correlations between leaf and pod biochemical characteristics are presented in Figure 5. The strongest observed
association was a negative correlation between leaf crude lipid and pod crude fibre content (p = —0.683). However,
this association was not statistically significant after correction (adjusted P = 0.359). None of the 25 correlations
between leaf and pod biochemical traits reached the adjusted significance threshold of 0.05.
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Figure 5.Spearman correlations between leaf and pod biochemical traits in Corchorus olitorius genotypes.p:
correlation coefficients ranging from —1 to +1; *: indicate associations significant after Benjamini—-Hochberg
(BH) correction (adjusted P < 0.05).

Discussion:-

The present study identified distinct patterns of association among agro-morphological, physiological, and
biochemical traits in C. olitorius, with significant relationships primarily occurring within individual trait groups.
Previous studies have documented considerable morphological and physiological diversity in C. olitorius germplasm
(Youssef et al.,, 2019; Adeyemoet al., 2021; AlJuhani and Aljohani, 2024). The present findings extend this
knowledge by examining relationships among morphological characteristics, relative chlorophyll content, and leaf
and pod biochemical composition. The strong negative correlation between relative leaf chlorophyll content and leaf
width (p = —0.791) indicates that genotypes with wider leaves generally exhibited lower SPAD readings. This
association may reflect differences in leaf anatomy, development, or chlorophyll distribution. Uddlinget al. (2007)
demonstrated that SPAD readings are related to leaf chlorophyll concentration but are influenced by leaf structural
characteristics. The observed relationship therefore highlights the importance of considering leaf morphology when
interpreting chlorophyll-related variation among genotypes. Leaf moisture and ash content were strongly positively
correlated (p = 0.835), indicating that genotypes with higher leaf moisture tended to exhibit greater inorganic residue
concentrations on a dry-matter basis. This relationship may reflect differences in mineral accumulation and plant
water relations, although individual mineral concentrations and osmotic regulation were not directly assessed
(Marschner, 2012).

Previous studies have highlighted the mineral richness of C. olitorius leaves (Abdel-Razeket al., 2022; Bonnotet al.,
2025). The present finding provides additional insight into the relationship between leaf water content and inorganic
constituents across genotypes. Pod moisture was negatively correlated with high heating value (p = —0.811),
whereas crude fibre showed a positive association with HHV (p = 0.804). Since HHV was expressed on a dry-matter
basis, these relationships may reflect differences in pod chemical composition rather than the direct influence of
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water during combustion. Biomass heating value depends on structural carbohydrates, lignin, extractives, and
inorganic constituents (Demirbas, 2001; Vassilevet al., 2010; Esteveset al., 2023). These associations suggest that
variation in pod biochemical composition may accompany differences in gross energy content,although, crude fibre
alone does not fully characterize the structural components influencing biomass heating value.No correlations
between agro-morphological and biochemical traits remained significant after multiple-testing correction, although a
relatively strong negative association was observed between leaf width and pod moisture (p = —0.811). Similarly,
leaf crude lipid and pod crude fibre showed a negative correlation (p = —0.683), but this association was not
statistically significant after correction.

These relationships should be regarded as exploratory and require confirmation in larger genotype collections. Such
patterns may reflect differences in tissue function, developmental stage, and resource allocation (Taizet al.,
2015).From a crop improvement perspective, the identified relationships provide useful information for trait
characterization in C. olitorius. The associations involving chlorophyll content, leaf biochemical composition, and
pod energy characteristics may guide further evaluation of germplasm for nutritional and biomass-related
applications. However, the absence of significant cross-group correlations indicates that morphological
characteristics alone may not adequately represent biochemical quality.Although the study involved 13 genotypes
evaluated during one growing season, it provides an initial understanding of trait associations in C. olitorius.The
limited number of genotypes may have reduced statistical power, particularly for detecting associations between trait
groups after correction for multiple comparisons.Further investigations involving larger germplasm collections and
multiple environments would help establish the consistency of these relationships. Overall, the findings highlight the
importance of integrating agro-morphological, physiological, and leaf and pod biochemical characteristics in
germplasm characterization and future crop improvement research.

Conclusion:-

This study identified significant relationships among agro-morphological, physiological, and biochemical traits in C.
olitorius. Relative leaf chlorophyll content was negatively associated with leaf width, while leaf moisture showed a
positive association with ash content. In pods, moisture was negatively correlated with high heating value, whereas
crude fibre exhibited a positive association. These findings highlight distinct patterns of trait association and the
relevance of pod biochemical characteristics for evaluating biomass properties. Although several relationships
between morphological and biochemical traits were observed, none remained significant after multiple-testing
correction. The results therefore emphasize the importance of combining morphological, physiological, and
biochemical assessments for comprehensive germplasm characterization. Further evaluation across larger genotype
collections and different environments will help establish the consistency of these associations and their potential
applications in C. olitorius improvement programmes.

References:-

1. Abdel-Razek, M. A. M., Abdelwahab, M. F., Abdelmohsen, U. R., &Hamed, A. N. E. (2022). Pharmacological
and phytochemical biodiversity of Corchorus olitorius. RSC Advances, 12, 35103-35114.
https://doi.org/10.1039/D2RA07406K.

2. Adebo, H. O., Ahoton, L. E., Quenum, F., &Ezin, V. (2015). Agro-morphological characterization of Corchorus
olitorius cultivars of Benin. Annual Research & Review in Biology, 7(4), 229-240.
https://doi.org/10.9734/ARRB/2015/17642.

3. Adeniji, O. T., Amadi, C., Badmus, A., Adewoyin, O. B., Baiyeri, S. O., Odetoye, O., Jonah, P. M., &Omoju, O.
J. (2022). Development traits, leaf mass and determinants of leaf yield in Corchorus olitorius (L.) accessions
cultivated in peat moss substrate. Nigerian Journal of Horticultural Science, 25(3), 134—151.

4. Adeyemo, O. A., Ayodele, O. O., Ajisafe, M. O., Okinedo, U. E., Adeoye, D. O., Afanou, A. B., Akinsemoyin, F.
A., Ogunjobi, O. O., Kasali, O. J., &Chukwudiri, E. E. (2021). Evaluation of dark jute SSR markers and
morphological traits in genetic diversity assessment of jute mallow (Corchorus olitorius L.) cultivars. South African
Journal of Botany, 137, 290-297. https://doi.org/10.1016/j.sajb.2020.10.027.

5. AlJuhani, W. S., &Aljohani, A. Y. (2024). Evaluation of the diversity of the morpho-agronomic characteristics of
Corchorus olitorius L. cultivars developed in Saudi Arabia. Journal of Aridland Agriculture, 10, 127-141.
https://doi.org/10.25081/jaa.2024.v10.8968.

6. AOAC International. (2019). Official Methods of Analysis of AOAC International (21st ed.). AOAC
International, Rockville, Maryland, USA.

957


https://doi.org/10.1039/D2RA07406K?utm_source=chatgpt.com
https://doi.org/10.9734/ARRB/2015/17642?utm_source=chatgpt.com
https://doi.org/10.1016/j.sajb.2020.10.027?utm_source=chatgpt.com
https://doi.org/10.25081/jaa.2024.v10.8968?utm_source=chatgpt.com

ISSN:(0)2320-5407, ISSN(P)3107-4928 Int. J. Adv. Res. 14(10), October-2026, 951-958

7. Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery rate: A practical and powerful approach to
multiple testing. Journal of the Royal Statistical Society: Series B (Methodological), 57(1), 289-300.
https://doi.org/10.1111/.2517-6161.1995.tb02031.x.

8. Bonnot, E., Claux, O., Boulkout, M., Rolland-Sabaté, A., &Abert-Vian, M. (2025). Chemical and nutritional
profile of Tunisian Corchorus olitorius leaves: A valuable, under-exploited leafy vegetable. LWT, 232, 118393.
https://doi.org/10.1016/j.1wt.2025.118393.

9. Choudhary, S. B., Sharma, H. K., Karmakar, P. G., Kumar, A. A., Saha, A. R., Hazra, P., &Mahapatra, B. S.
(2013). Nutritional profile of cultivated and wild jute (Corchorus) species. Australian Journal of Crop Science,
7(13), 1973-1982.

10. Demirbas, A. (2001). Biomass resource facilities and biomass conversion processing for fuels and chemicals.
Energy Conversion and Management, 42(11), 1357—-1378. https://doi.org/10.1016/S0196-8904(00)00137-0.

11. Dewey, D. R., & Lu, K. H. (1959). A correlation and path-coefficient analysis of components of crested
wheatgrass seed production. Agronomy Journal, 51(9), 515-518.
https://doi.org/10.2134/agronj1959.00021962005100090002x.

12. Dube, S. P., Marais, D., Mavengahama, S., Van Jaarsveld, C. M., &Gerrano, A. S. (2019). Characterisation of
agro-morphological traits of Corchorus accessions. Acta AgriculturaeScandinavica, Section B — Soil& Plant
Science, 69(2), 126—134. https://doi.org/10.1080/09064710.2018.1514419.

13. Esteves, B., Sen, U., & Pereira, H. (2023). Influence of chemical composition on heating value of biomass: A
review and bibliometric analysis. Energies, 16(10), 4226. https://doi.org/10.3390/en16104226.

14. Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to Quantitative Genetics (4th ed.). Longman, Harlow,
UK.

15. International Organization for Standardization (ISO). (2017). ISO 18125:2017. Solid biofuels — Determination
of calorific value. ISO, Geneva, Switzerland.

16. Islam, M. S., Saito, J. A., Emdad, E. M., Ahmed, B., Islam, M. M., Halim, A., Hossen, Q. M. M., Hossain, M.
Z., Ahmed, R., et al. (2017). Comparative genomics of two jute species and insight into fibre biogenesis. Nature
Plants, 3, 16223. https://doi.org/10.1038/nplants.2016.223.

17. Marschner, P. (Ed.). (2012). Marschner's Mineral Nutrition of Higher Plants (3rd ed.). Academic Press.
https://doi.org/10.1016/C2009-0-63043-9.

18. Ndlovu, J., &Afolayan, A. J. (2008). Nutritional analysis of the South African wild vegetable Corchorus
olitorius L. Asian Journal of Plant Sciences, 7(6), 615-618. https://doi.org/10.3923/ajps.2008.615.618.

19. Satya, P., Banerjee, R., Ghosh, S., &Karmakar, P. G. (2014). Morpho-anatomical and SSR diversity in mutant
gene pool of jute (Corchorus olitorius L.). Indian Journal of Genetics and Plant Breeding, 74(4), 478-486.
https://doi.org/10.5958/0975-6906.2014.00873.6.

20. Spearman, C. (1904). The proof and measurement of association between two things. The American Journal of
Psychology, 15(1), 72—-101.

21. Taiz, L., Zeiger, E., Mgller, I. M., & Murphy, A. S. (2015). Plant Physiology and Development (6th ed.).
Sinauer Associates, Sunderland, Massachusetts, USA.

22. Uddling, J., Gelang-Alfredsson, J., Piikki, K., &Pleijel, H. (2007). Evaluating the relationship between leaf
chlorophyll concentration and SPAD-502 chlorophyll meter readings. Photosynthesis Research, 91, 37—46.
https://doi.org/10.1007/s11120-006-9077-5.

23. Vassilev, S. V., Baxter, D., Andersen, L. K., &Vassileva, C. G. (2010). An overview of the chemical
composition of biomass. Fuel, 89(5), 913-933. https://doi.org/10.1016/j.fuel.2009.10.022.

24. Youssef, A. F., Younes, N. A., & Youssef, M. (2019). Genetic diversity in Corchorus olitorius L. revealed by
morphophysiological and molecular analyses. MolecularBiology Reports, 46, 2933-2940.
https://doi.org/10.1007/s11033-019-04754-2.

958


https://doi.org/10.1111/j.2517-6161.1995.tb02031.x?utm_source=chatgpt.com
https://doi.org/10.1016/j.lwt.2025.118393?utm_source=chatgpt.com
https://doi.org/10.1016/S0196-8904(00)00137-0?utm_source=chatgpt.com
https://doi.org/10.2134/agronj1959.00021962005100090002x?utm_source=chatgpt.com
https://doi.org/10.1080/09064710.2018.1514419?utm_source=chatgpt.com
https://doi.org/10.3390/en16104226?utm_source=chatgpt.com
https://doi.org/10.1038/nplants.2016.223
https://doi.org/10.1016/C2009-0-63043-9?utm_source=chatgpt.com
https://doi.org/10.3923/ajps.2008.615.618?utm_source=chatgpt.com
https://doi.org/10.5958/0975-6906.2014.00873.6?utm_source=chatgpt.com
https://doi.org/10.1007/s11120-006-9077-5?utm_source=chatgpt.com
https://doi.org/10.1016/j.fuel.2009.10.022?utm_source=chatgpt.com
https://doi.org/10.1007/s11033-019-04754-2?utm_source=chatgpt.com

