


Growth Performance of different provenance of Karanj (Pongamia pinnata in Central India


ABSTRACT: - Pongamia pinnata (L.) is commonly known as Karanj is a moderate sized evergreen tree and bark is smooth, gray and thin. Pongamia starts flowering from 4th to 7th year of planting/germination.  White and purplish flowers in auxiliary racemes appear in March-May and the pods ripen from December-March in the following year.The present investigation was conducted in different provenances of p. pinnata from the various agro-climatic zone of Madhya Pradesh were selected. Pongamia pinnata (L.) is a deciduous tree species and one of the widely available trees found in the Madhya Pradesh. Studying about this particular provenance is valuable in various aspects particularly estimating the carbon sequestration potential and extraction of biodiesel from the seed of this tree to be an input for the climate change mitigation activities taking place in India and in the world at large, since climate change is the worldwide issue. The Ssignificantly tall maximum trees were  height was observed in by provenance T13 i.e., Nagod Road, Satna (5.72 m), closely followed by T3 i.e., Bahoripar, Bargi, Jabalpur (5.39 m), T16 i.e., TFRI, Garden Jabalpur (5.20 m), T5 TFRI, gaur river, Jabalpur (5.09 m), T7 i.e., Cantt area, Jabalpur while and others. However provenance T21 i.e., KVK, Seoni (3.98 m) recorded shorter treesminimum tree height.	Comment by HP: Should be capital	Comment by HP: State the research questions and objectives that gudied your study. Briefly discribe the methods used in data collection and analysis, before presentiing the results

Keywords: -Growth,Karanj,Pongamia pinnata (L.), provenance.	Comment by HP: These are already in the abstract. You need to select other leading key workds from the body of your work, that are not in the abstract.

INTRODUCTION
		Pongamia pinnata, commonly referred to as Karanj, Pongam, Honge, or Kanuga, belongs to the family Leguminosae and possesses a somatic chromosome number of 2n = 22. It is a nitrogen-fixing tree species whose seeds contain about 30–40% oil. A mature tree is capable of yielding approximately 9–90 kg of kernels per year (Hedge et al., 2003). 
It naturally occurs along coastal areas and riverbanks and is increasingly recognized as a promising biofuel species (Allen and Allen, 1981). The tree possesses a somatic chromosome number of 2n = 22. Although native to the Asian subcontinent, it has been successfully introduced into humid tropical lowland regions of countries such as the Philippines, Malaysia, Australia, Seychelles, the United States, and Indonesia (Rangari, 2002).	Comment by HP: Repeated, delete
Pongamia pinnata is a deciduous tree species and one of the widely available trees found in the Madhya Pradesh, (Yadav, et al.,2011).The species is endowed with high degree of climatic adaptability (Uniyal, et al.,2003). It thrives well in areas having an annual rainfall ranging from 250 to 2500 mm, the maximum temperature as high as 480C and as low as  tolerate cold upto 00C, on altitudes upto 1200 m. Mature trees can grow on most soil types ranging from stony to sandy to clayey, including verticals. It does not perform well on dry lands. It is highly tolerant to salinity (Anon.,1985). It is common along waterways or seashores with its roots in fresh or salt water. Highest growth rates are observed on well drained soils with assured moisture.  (Agarwal and Rajamanoharan, 2009).  Natural reproduction is profusethrough  by seed and commonly by root suckers, (Ramanjaneyulu, et al.,2025).	Comment by HP: Check and correct the temperature, I do not think 480 degrees celcius is correct	Comment by HP: Not sure this is correct... 
	Genetic variability across geographically distinct populations of P. pinnata results in significant differences in growth behavior, biomass accumulation, yield potential, and stress tolerance, Sahoo et al., (2021). Such geographically distinct populations are referred to as provenances, and evaluating their comparative performance is essential for identifying superior genotypes suited for specific regions, Deswal et al.,(2014). Central India, characterized by semi-arid to sub-humid conditions, heterogeneous soils, and increasing pressure on land resources, represents a critical area where selection of high-performing Pongamia genotypes can greatly support biofuel initiatives, afforestation efforts, and climate-resilient plantation programs (, Jain et al.,(2007). Despite the growing emphasis on Karanj as a bioenergy species, limited systematic information is available on the growth performance of its different provenances under Central Indian conditions. Understanding how genetic diversity interacts with the region’s climate and soil factors is essential for enhancing productivity, selecting suitable planting material, and developing improved agro forestry models.
India has a vast tract of wastelands and degraded lands (, mostly in areas with adverse agro climatic conditions) where, useful , for growth traits and seed yield where hardy tree borne oil seed species like Pongamia pinnata can be grown easily. The variability in the pod and seed characteristics of such species in these areas could be linked to the genetic potential of a genotypes (, Patil and Naik,  (2016).
Thus looking into its wide adaptability of the useful hard species for example by studying it is pertinent to study the extent and patterns of variation in their for growth and yield traits and their inter-relationship would help generate knowledge guielines for designing and implemtng strategies for  among themselves to plan proper strategpresevation and improvement of their y for its genetic diversity improvement on which information are meager. Studying such about this particular provenances would be  is valuable in various aspects, for example,  particularly in estimating the carbon sequestration potential and extraction of biodiesel potential from the species. These would be valuable seed of this tree to be an input for the climate change mitigation activities taking place in India and in the world at large, since climate change is the worldwide issue.	Comment by HP: Briefly provide research questions and or objectives you pursued in your study, to contribute to the need for information here. 

Your research questions and objective will help us undrstand the relevancy of your methods, data collected, analysis done and follwoing conclusions and recommendations emerging from your study.

MATERIAL AND METHODS
The present investigation is the part of the National Network of Research and Development Programme on Karanj. This experiment was carried out at Dusty Acre farm, Department of Forestry, JNKVV, Jabalpur. The study was conducted using a Randomized Block Design (RBD) with three replications, incorporating 22 different provenances as treatments. Each plot consisted of nine plants, arranged at a spacing of 5 m × 5 m. Altogether, 594 seedlings were established over an area measuring 14,850 square meters (equivalent to 1.4850 hectares). The provenances included in the trial were: T1 – Bandole-1, Seoni; T2 – Kosamghat, Jabalpur; T3 – Bahoripar, Bargi, Jabalpur; T4 – Kailwas, Barha, Jabalpur; T5 – TFRI, Gour River, Jabalpur; T6 – Kalpi Depot, Mandla; T7 – Cantt Area, Jabalpur; T8 – Bandole-2, Seoni; T9 – Maihar-I, Maihar; T10 – Bargi (JN-4), Jabalpur; T11 – Maihar-II, Maihar; T12 – Lalpur, Nagod Road, Satna; T13 – Nagod Road, Satna; T14 – 4th Mile, Mandla; T15 – Kushmeli Road, Amarwada, Chhindwara; T16 – TFRI Garden, Jabalpur; T17 – Lalpur-II, Nagod Road, Satna; T18 – Circular Road, Chhindwara; T19 – Jhighri, Katni; T20 – Khajurahoo Road, Panna; T21 – Krishi Vigyan Kendra, Seoni; and T22 – Nagod, Satna.
 Tree height was recorded by measuring from the ground level to the tip of the leading shoot using a 30-meter measuring tape. The diameter at breast height (DBH) was determined by measuring the tree’s circumference at 1.37 meters above the ground and converting it to DBH using the formula DBH = C/3.14. Basal diameter was measured by taking the circumference at 10 centimeters above ground level and converting it using the formula BD = C/3.14. Basal area was calculated using the expression 0.00007854 × (DBH)². The number of branches on each tree was counted, and the average per plot was determined. Pod size was assessed by measuring pod length and pod width with a Vernier caliper, and average values were recorded. Seed size was evaluated similarly, with seed length and seed width measured in millimeters using a Vernier caliper and their averages calculated. All recorded data were subjected to analysis of variance (ANOVA) appropriate for a Randomized Block Design to determine the significance of differences among provenances. Mean comparisons were performed using Duncan’s Multiple Range Test (DMRT) at a 5% significance level to identify superior and inferior provenances for each growth and yield parameter. (Panse and Sukhatme,1985).	Comment by HP: The entire methods section is not clear
You establised an experiement with seedlings 
Then for data, you are measuring diamere at breast height of 1.37 metres and Basal diameter at 10 cm above ground

We dont see the connection between seedlngs in the RCBD experirment and the trees being measured

1.You need to clearly state the knowledge gap you are addressing in the introduction secton.
2. you need to follow that with research questions or atleast objectives guiding your stduy. 

After the above, you can then write your methods section, giving details of steps you followed in study site selecton, sampling in selected site, data collection and analysis following the research objectives or questions. 

RESULT AND DISCUSSION 
Growth parameters of different provenances of Pongamia pinnata at age of 10 year old
Tree height (m)
	It was observed from the results that, different provenances showed significant differences among themselves at age of ten year old (Table 01). The significantly maximum tree height was observed by provenance T13 i.e., Nagod Road, Satna (5.72 m), closely followed by T3 i.e., Bahoripar, Bargi, Jabalpur (5.39 m), T16 i.e., TFRI, Garden Jabalpur (5.20 m), T5 TFRI, gaur river, Jabalpur (5.09 m), T7 i.e., Cantt area, Jabalpur and others. However provenance T21 i.e., KVK, Seoni (3.98 m) recorded minimum tree height. The study revealed significant variation in tree height among the ten-year-old provenances, indicating a strong genetic influence on vertical growth. Provenance T13 (Nagod Road, Satna) exhibited the greatest height (5.72 m), suggesting superior adaptability and growth potential under the prevailing site conditions. Provenances T3, T16, T5, and T7 also performed well, indicating that Jabalpur and Satna-origin materials possess favorable growth characteristics. The lowest height recorded for provenance T21 (KVK, Seoni) may be attributed to its comparatively weaker genetic vigor or lower environmental adaptability. Such variation highlights the importance of provenance selection in plantation programs aimed at maximizing biomass productivity. Similar studies have been reported by (Sahoo et al.,2011; Pavithra et al.,2013) and (Sudrajat et al.,2025).	Comment by HP: Use the term tall or short in discribing tree height
So you can have tallest trees and shortest trees ....
Table 01: Tree height, diameter at breast height (cm), basal diameter (m2) and basal area (m2) of the different provenances.
	Treatments (provenances)
	Tree height  (m)
	Diameter at breast height (cm)
	Basal diameter (m2)
	Basal area (m2)

	T1 - Bandole-1 Seoni
	4.69
	7.97
	11.50
	0.0051

	T2  -  Kosamghat, Jabalpur
	4.70
	9.93
	13.51
	0.0079

	T3 -  Bahoripar, Bargi, Jabalpur
	5.39
	8.28
	11.17
	0.0056

	T4 - Kailwas, Barha, Jabalpur
	4.16
	7.76
	11.22
	0.0048

	T5 - TFRI, Gour river, Jabalpur
	5.09
	9.21
	12.41
	0.0070

	T6 - Kalpi Depot,  Mandla
	4.92
	10.02
	13.57
	0.0079

	T7 - Cantt Area,  Jabalpur
	5.05
	8.07
	12.11
	0.0054

	T8 - Bandole – 2, Seoni
	4.62
	9.09
	12.53
	0.0067

	T9 -  Maihar – I, Maihar
	5.05
	8.32
	12.38
	0.0061

	T10 - Bargi (JN-4), Jabalpur
	5.03
	9.78
	14.23
	0.0075

	T11 -  Maihar – II, Maihar
	4.87
	9.70
	13.58
	0.0076

	T12 -  Lalpur, Nagod Road,  Satna
	4.66
	8.79
	12.33
	0.0062

	T13  -  Nagod Road, Satna
	5.72
	10.80
	14.85
	0.0095

	T14 -  4th  mile Mandla,        
	5.05
	10.34
	14.45
	0.0085

	T15 -  Kushmeli Road, Amarwada, Chhindwara
	4.83
	8.61
	11.69
	0.0059

	T16  -  TFRI, Garden,  Jabalpur
	5.20
	9.78
	12.83
	0.0077

	T17 -  Lalpur - II Nagod Road, Satna
	5.02
	10.00
	14.05
	0.0079

	T18 -  Circular Road, Chhindwara
	4.91
	10.14
	12.93
	0.0085

	T19 -  Jhighri, Katni
	4.08
	8.87
	12.87
	0.0062

	T20  -  Khajurahoo Road,   Panna
	4.36
	8.65
	12.14
	0.0061

	T21  - Krishi Vigyan Kendra,  Seoni
	3.98
	7.61
	10.59
	0.0046

	T22 -  Nagod, Satna
	4.73
	8.80
	11.68
	0.0061

	SEm±
	0.43
	1.07
	1.50
	0.0016

	CD at 5%
	1.23
	3.07
	---
	0.0045


Diameter at breast height (cm) - dbh 
	The Different provenances had observed significantly different  among themselves for diameter at breast height for trees at the age of ten years  old (Table 01). The significantly highest diameter at breast height was recorded by provenance T13 i.e., Nagod Road, Satna (10.80 cm), closely followed by T14 i.e., 4th mile Mandla (10.34 cm), T18 i.e., circular road Chhindwara (10.14 cm), T6 i.e., Kalpi Depot, Mandala (10.02 cm), T17 i.e., Lalpur-II, Nagod road, Satna (10.00 cm) and other provenances, whereas the lowest diameter at breast height was recorded by T21 i.e., KVK, Seoni (7.61 cm). Significant differences in DBH were observed among provenances at ten years of age, reinforcing the role of genetic variation in radial growth. Provenance T13 (Nagod Road, Satna), which also recorded the maximum height, produced the highest DBH (10.80 cm), demonstrating consistent superiority across growth parameters. T14, T18, T6, and T17 showed comparable performance, indicating these sources are well-suited for conditions similar to the study site. Conversely, T21 (KVK, Seoni) recorded the smallest DBH, consistent with its lower height performance. These trends suggest that Satna, Mandla, and Chhindwara provenances may possess superior genetic traits for diameter increment, which is crucial for timber yield. Comparable findings were observed by (Rao et al.,2018 ;Bhat et al.,2018 and Sudrajat et al.,2025).	Comment by HP: Use wide or narrow or atleast large and small for discription of the DBH
Basal diameter (cm) 
	It was observed from the result during the 10th year (2015) different provenances showed the non-significant influence on the basal diameter (Table 01). Although certain provenances such as T13 (Nagod Road, Satna), T10 (Bargi JN-4, Jabalpur), and T14 (4th Mile, Mandla) exhibited slightly larger basal diameters, these differences are not large enough to indicate superior genetic performance. Similarly, lower values in provenances like T21 (KVK, Seoni) appear to reflect overall weaker growth patterns but remain within a relatively narrow range compared to others. These results are in agreement with the findings of (Sharma et al.,2016;Castro et al.,2019; Nesper et al.,2019 and Sahoo et al.,2021).
Basal area (m2)
	Differences among t provenances were observed significant for among themselves for basal area at age of ten year old (Table 01). The significantly maximum basal area was recorded by provenance T13 i.e., Nagod Road, Satna (0.0095 m2), closely followed by T14 i.e., 4th mile Mandla (0.0085 m2), T18 i.e., circular road Chhindwara (0.0085 m2), T6 i.e., Kalpi Depot, Mandala (0.0079 m2), T17 i.e., Lalpur-II, Nagod road, Satna (0.0079 m2) and other provenances, whereas the minimum basal area was recorded by T21 i.e., KVK, Seoni (0.0046 m2). Significant variation in basal area further supports the presence of genetic diversity among provenances. Provenance T13 (Nagod Road, Satna) again performed best (0.0095 m²), reflecting its superior height and DBH values. Provenances T14, T18, T6, and T17 also recorded higher basal areas, confirming their strong growth potential. The lowest basal area observed in T21 (KVK, Seoni) aligns with its lower height and DBH, indicating overall poor biomass accumulation. These findings highlight T13 and related high-performing provenances as ideal candidates for maximizing stand productivity. Consistent results have been documented by (Sharma et al.,2016; De Queiroz et al.,2019;Deswal et al.,2022 and Shukla et al.,2022  ).
Number of branches per tree
It was observed from the result during the 10th  year (2015) different provenances showed the significant influence on the number of branches per tree ( Table 2 and Fig. 1), Significantly maximum (16) number of branches was recorded in provenance T8 (Bandole-2, Seoni), whereas minimum number of branches was recorded in provenance T13 i.e., Nagod Road, Satna (2.00). Significant differences in branching patterns were recorded across provenances, indicating variability in crown architecture. Provenance T8 (Bandole-2, Seoni) produced the highest number of branches (16), suggesting a tendency toward denser crown formation, which may influence light interception and wood quality. In contrast, provenance T13 (Nagod Road, Satna) had the fewest branches (2), which may reflect a more apical-dominant growth habit. Such differences are important for selecting provenances for either timber production, where fewer branches are preferred, or for agroforestry systems, where greater branching may enhance canopy benefits. The observations reported here corroborate the work of (Dhillon and Van Rees,2017 ; Guo et al.,2019 and Deswal et al.,2022).
Table 02: Number of branches/tree of different provenances.
	Treatments (provenances)
	No. of branches/tree	Comment by HP: Is this average number or just numbers? 

	T1 - Bandole-1 Seoni
	3.00

	T2  -  Kosamghat, Jabalpur
	3.00

	T3 -  Bahoripar, Bargi, Jabalpur
	4.00

	T4 - Kailwas, Barha, Jabalpur
	3.00

	T5 - TFRI, Gour river, Jabalpur
	3.00

	T6 - Kalpi Depot,  Mandla
	6.00

	T7 - Cantt Area,  Jabalpur
	2.50? 

	T8 - Bandole – 2, Seoni
	16.00

	T9 -  Maihar – I, Maihar
	3.00

	T10 - Bargi (JN-4), Jabalpur
	3.00

	T11 -  Maihar – II, Maihar
	4.00

	T12 -  Lalpur, Nagod Road,  Satna
	5.00

	T13  -  Nagod Road, Satna
	2.00

	T14 -  4th  mile Mandla,        
	4.00

	T15 -  Kushmeli Road, Amarwada, Chhindwara
	3.00

	T16  -  TFRI, Garden,  Jabalpur
	4.00

	T17 -  Lalpur - II Nagod Road, Satna
	4.50?

	T18 -  Circular Road, Chhindwara
	3.00

	T19 -  Jhighri, Katni
	4.00

	T20  -  Khajurahoo Road,   Panna
	3.00

	T21  - Krishi Vigyan Kendra,  Seoni
	4.00

	T22 -  Nagod, Satna
	3.00

	SEm±
	1.34

	CD at 5%
	3.82



Pod size (mm)
(a) Length
	Different provenances observed significant among themselves for pod length at age of ten year old (Table 03). Significantly maximum pod length (71.72 mm) was recorded in provenance T4 (Kailwas, Barha, Jabalpur), whereas minimum pod length (38.14 mm) was recorded in T7 (Cantt Area, Jabalpur). Provenances differed significantly in pod length, demonstrating genetic variation in reproductive traits. T4 (Kailwas, Barha, Jabalpur) produced the longest pods (71.72 mm), suggesting a higher potential for seed yield. The shortest pods were observed in T7 (Cantt Area, Jabalpur), indicating comparatively lower reproductive output. This variation may reflect differences in genetic makeup or local adaptation associated with the source environments. These findings align with previous studies conducted by (Dhyani et al.,2016; Dadgale et al.,2018 and Deswal et al.,2022).
 (b) Width
	It was observed from the result during the 10th year of plantation (2015) different provenances showed the significant influence on the pod width (Table 03), Significantly maximum pod width (24.10 mm) was recorded in provenance T14 (4th mile Mandla), whereas minimum pod width (13.10 mm) was recorded in T3 (Bahoripar, Bargi, Jabalpur). Such differences in pod dimensions may influence seed size and weight, which are key parameters in seedling vigor and nursery performance. Analogous results were noted in the studies of (Nagar et al.,2018; Naik et al.,2018 and Deswal et al.,2022).
Table 03: Pod length and width of different provenances.
	Treatments (provenances)
	Pod size(mm)
	Seed size(mm)

	
	Length
	Width
	Length
	Width

	T1 - Bandole-1 Seoni
	46.07
	18.50
	19.69
	14.30

	T2  -  Kosamghat, Jabalpur
	54.58
	15.60
	24.49
	13.11

	T3 -  Bahoripar, Bargi, Jabalpur
	45.62
	13.10
	21.48
	11.30

	T4 - Kailwas, Barha, Jabalpur
	71.72
	18.29
	21.56
	14.92

	T5 - TFRI, Gour river, Jabalpur
	42.98
	16.35
	19.24
	11.83

	T6 - Kalpi Depot,  Mandla
	42.83
	21.20
	19.58
	13.72

	T7 - Cantt Area,  Jabalpur
	38.14
	17.33
	22.61
	12.71

	T8 - Bandole – 2, Seoni
	47.42
	21.95
	22.36
	15.71

	T9 -  Maihar – I, Maihar
	46.61
	22.18
	24.19
	13.75

	T10 - Bargi (JN-4), Jabalpur
	55.51
	21.25
	23.18
	15.38

	T11 -  Maihar – II, Maihar
	46.84
	17.94
	21.14
	13.53

	T12 -  Lalpur, Nagod Road,  Satna
	49.39
	21.62
	21.69
	15.79

	T13  -  Nagod Road, Satna
	65.23
	18.97
	25.05
	19.65

	T14 -  4th  mile Mandla,        
	50.88
	24.10
	22.06
	16.06

	T15 -  Kushmeli Road, Amarwada, Chhindwara
	54.95
	21.88
	22.48
	15.55

	T16  -  TFRI, Garden,  Jabalpur
	57.89
	20.52
	23.86
	14.81

	T17 -  Lalpur - II Nagod Road, Satna
	70.26
	19.10
	22.77
	13.55

	T18 -  Circular Road, Chhindwara
	47.28
	23.62
	21.99
	16.98

	T19 -  Jhighri, Katni
	51.49
	20.48
	21.21
	14.62

	T20  -  Khajurahoo Road,   Panna
	44.16
	16.85
	17.78
	12.01

	T21  - Krishi Vigyan Kendra,  Seoni
	57.40
	22.72
	23.22
	13.32

	T22 -  Nagod, Satna
	48.02
	22.01
	20.66
	12.54

	SEm±
	3.74
	0.90
	0.96
	0.89

	CD at 5%
	10.70
	2.56
	2.73
	2.55



Seed size (mm)
(a) Length
Different provenances observed significant among themselves for pod length at age of ten year old (Table 03). Significantly maximum seed length (25.05 mm) was recorded in provenance T13 (Nagod Road, Satna), whereas minimum seed length (17.78mm) was recorded in T20 (Khajoori Road, Panna). Significant differences were observed in seed length among the provenances. T13 (Nagod Road, Satna) produced the longest seeds suggesting enhanced seed development and potentially higher germination vigor. The smallest seeds were recorded in T20 (Khajoori Road, Panna), which may be associated with lower nutrient allocation or genetic limitations. The present study’s findings echo those reported by (Katoch et al.,2017; Mukherjee et al.,2018 and Kar et al.,2019).
 (b) Width
It was observed from the result during the 10th year of plantation (2015) different provenances showed the significant influence on the seed width (Table 03), Significantly maximum seed width (19.65 mm) was recorded in provenance T13 (Nagod Road, Satna), whereas minimum seed width (11.30 mm) was recorded in T3 (Bahoripar, Bargi, Jabalpur). Seed width also varied significantly, with provenance T13 again performing best (19.65 mm). The smallest seed width was noted in T3 (Bahoripar, Bargi, Jabalpur). Such consistent superiority of T13 in both seed length and width points to its strong reproductive fitness. Provenances with larger seeds are generally associated with better germination and seedling establishment, highlighting T13 as a promising source for propagation programs. Consistent results have been documented by (Bhat et al.,2018; Bargali et al.,2019 and Shukla et al.,2022).

CONCLUSION
The evaluation of twenty-two provenances over a ten-year period revealed substantial genetic variability in key growth and reproductive traits, including tree height, diameter at breast height, basal area, number of branches, pod size, and seed size. Provenances such as T13 (Nagod Road, Satna), T14 (4th Mile, Mandla), T18 (Circular Road, Chhindwara), and T6 (Kalpi Depot, Mandla) consistently demonstrated superior performance in major growth parameters, indicating strong adaptability and high biomass production potential under the site conditions. Conversely, T21 (KVK, Seoni) exhibited the weakest growth across multiple traits, suggesting poor suitability for the planting environment.	Comment by HP: This should have come out earlier in methodology, not here
Reproductive traits also showed wide variation, with certain provenances excelling in pod and seed characteristics important for future propagation and genetic improvement. Basal diameter, however, displayed no significant variation, indicating that this trait is more influenced by uniform environmental factors than by genetic differences.	Comment by HP: But your provenances had different environmental conditions, not so? 
[bookmark: _GoBack]Overall, the results highlight the importance of selecting genetically superior and site-adapted provenances to maximize productivity. Provenance T13 and other high-performing sources emerge as promising candidates for plantation establishment, genetic improvement programs, and large-scale reforestation initiatives.	Comment by HP: Any recommendations for research? 

Because you have made little effort in discuing your results and also lacked research questions and objectives, you conclusion is very limited.
Your work falls short of being a good research as it does not identify further areas of research!
You need to reviise the methods section, make aligned results presentation and discuss more. Then the conclusions will and recommendations will emerge clearly. 
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