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Abstract

Pongamia pinnata is a leguminous multipurpose tree species having enormous potential of producing high
seed oil that could be as a source of biofuel. The collection of pods with higher seed quality characters is much
important for Genetic tree improvement program for production of elite germplasm for nursery and plantation. A total
of 24 candidate plus trees (RAKs) of Pongamia pinnata (L.) Pierre were selected to elucidate their variation and
diversity based on twelve quantitative traits (4 pod traits, 5 seed traits of parent trees and 3 progeny traits) during
2004-2007. The results show that, RAK-5 had maximum for six traits viz pod length (65.6 mm), 100-pod weight
(542.4 g), seed length (27.9 mm), seed breadth (17.4 mm), 100-seed weight (217.9 g) and plant height (164.3 cm).
Lowest 100-pod and seed weight were recorded in RAK-7 (231.0 g) and RAK-24 (106.1 g). The maximum volume
index was recorded in RAK-17. There was fair difference between genotypic coefficients of variation and phenotypic
coefficients of variation for all traits except progeny traits. All the pod and seed traits showed high heritability and
progeny growth traits had moderate heritability. The 100-pod weight exhibited highest heritability (more than 98.4%)
followed by 100-seed weight (96.9%). The 100-pod weight and 100-seed weight expressed high heritability (98.4%,
96.9%), accompanied with high genetic advance (46.0%, 34.9%). Volume index expressed moderate heritability
(47.4%), accompanied with high genetic advance (48.4%). It is revealed that the existence of substantial variation
can be utilized for genetic resource conservation and further genetic tree improvement programmers of the species.
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Introduction

Pongamia pinnata (L.) is an important species which have big
potential for that and can be planted all over tropics. But there is very
little information available about genetics, physiology and cultivation
practices of Pongamia pinnata (L.) Pierre, synonymously known as
Pongamia glabra Vent. Derris indica (Lam) Bennett. Millettia novo-
guineensis Kane & Hat and Cytisus pinnaus L. is an arboreal legume,
belonging to the subfamily Papilionoideae and specifically the tribe
Millettia. This medium-size tree, being indigenous to the Indian
subcontinent and south-east Asia (Malaysia and Indonesia), have been
successfully introduced to humid tropical regions of the world as well
as parts of Australia, New Zealand, China and the USA [1]. Historically,
this plant has been used in India and neighboring regions as a source
of traditional medicines, green manure, timber, fish poison and fuel.
The mature tree can withstand water logging and slight frost, and
highly tolerant to salinity. Pongamia can help in restoration of fertility
especially in degraded soils owing to its nitrogen fixing ability. Extracts
from the plant are known to have the medicinal properties and effects
on a wide array of organisms including insect and pests, mollusks and
nematodes [2,3]. Pongamia seed oil resembling ground nut oil (Arachis
hypogaea L.) with its fatty acid composition and high oleic acid content
(45% - 70% w.t.) is a source for a number of bioactive compounds
including flavonoids and furan-flavonoids, which has medicinal
uses for rheumatism, skin diseases, etc. [4]. More importantly, P.
pinnata has recently been recognized as a viable source of oil for the
burgeoning biofuel industry [5]. Added to this, the low temperature
operability of the corresponding methyl esters is superior to that of
Jatropha oil because of the relatively high percentage of oleic acid in
karanj oil [6]. P. pinnata contributes significantly as a source of non-
edible oil feedstock and is capable of growing on marginal lands [7].
However, for meeting the future demands of feedstock for bio-diesel,
it is important to establish extensive plantations from elite source.
Although, it may look promising, it lacks the improved germplasm

for large scale plantation. Seed polymorphism in P. pinnata has been
found to play an important role in seed germination, seedling survival
and growth [8]. The knowledge of genetic variability and correlation
between pod and seed traits linked with progeny field performance at
early stage among the collected germplasm is considered to provide
necessary information for further genetic improvement of the species
in maximizing the yield. The challenging task is to screen the naturally
available genetic variation by evaluation of progeny traits for higher
productivity. The progenies with better traits, not only have better
adaptability to the study site, but also perform better for fruiting and
seed oil yield, which consecutively provides opportunity for mass
clonal propagation. Considering the present day scenario, an effort
has been made to evaluate the extent of genetic variability, correlation
among pod and seed traits with progeny traits as scope for further
genetic improvement program.

Materials and Methods
Study site and sampling

An extensive wild germplasm exploration survey was conducted to
identify the high yielding Candidate plus Trees RAKs (Rahuri Karanja
Tree) of P. pinnata at fruiting stage from different predominant
naturalized locations from 10 Districts of Western Maharashtra, India
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viz Ahmednagar, Pune, Nasik, Sholapur, Sangli, Satara, Kolhapur,
Dhule Nandurbar and Jalgaon. Since P. pinnata was grown as wild
and had no definite geometry with neighboring trees for comparison,
the selection was made by using single tree selection method based on
phenotypic assessment of characters of economic importance viz. yield
potential, crown spread, total height, girth at breast height, age of the
tree, free from pest and diseases, seed size and seed weight. A total of
24 RAKs (Rahuri Karanja morphologically superior trees) covering a
latitude and longitudinal range from N 16" 42" to 21° 23 and E 74" 16
to 74" 16 E, were selected. Three kilograms of mature pods from each
RAK were collected following a random sampling procedure from all
the four directions of the crown of each selected tree during fruiting
season in April-June, 2004. The observations for 12 quantitative traits
(4 pod traits, 5 seed traits of parent trees and 3 progeny traits) were
recorded at AICRP on Agroforestry Department of Botany MPKV,
Rahuri. 2004-2007. The area of field trial MPKV, Rahuri under
(latitude: 19" 23N, longitude: 74" 42 'E, and altitude: 715 m, m.s.l
approx.) is a Semi-Arid Tropics of climate receiving mean annual
rainfall of 561.6 mm with 44 annual rainy days for, Annual minimum
and maximum temperature is 12.7°C and 40.2°C, respectively, with
lowest temperature in December and highest temperature in May every
year. Soils of the study area are Vertisol. The pods were cleaned, dried
and stored in muslin bags at ambient conditions. All pods were dried
under similar temperature and humidity conditions to reach constant
weight. A total of 300 healthy pods (hundred in each replication) were
randomly selected and observations for four pod traits viz. pod length,
pod width, pod thickness and 100-pod weight were measured. Samples
of 300 seeds were randomly collected from each RAK to make three
replications of each 100-seed. Measurement of morphometric traits viz
seed length, seed breadth, 100 seed weight and aspect ratio. Pod and
Seeds parameter were measured as mentioned in Table 1.

The progenies trials

Seeds of all the RAKs were uniformly pre-treated by soaking in
cold water for 24 h. Three hundred pre-treated seeds of each RAK
were directly sown in polythene bags of dimension of 30 cm x 12
cm x 10 cm filled with potting mixture of soil, sand and farmyard
manure (2:1:1) in three replicates of each 100-seed during July
2004. Samples of 10 one-year-old seedlings were planted in the
field (pit size 45 cm X 45 cm x 45 c¢m) in July 2005 in a randomized
complete block design with 3 replications at spacing 6 m x 6 m for
field evaluation at AICRP on Agroforestry Farm field. At juvenile stage
(24 months after planting (MAP)), observation were recorded on the
trial for plant height (m), collar diameter (cm), at periodical bimonthly
intervals viz., 2 months after planting (MAP), 4 MAP, 6 MAP, etc.

The data recorded at 24 MAP alone were considered for variability,
correlation studies. Volume index was calculated as mentioned in Table
1.

Data analysis

The pod and seed parameters and progeny traits were analyzed
using Analysis of variance (ANOVA) and Duncan Multiple Range Test
(DMRT) to understand the significant difference among the pod, seed
and progeny trait of RAKs under consideration [9]. The phenotypic
variation for each trait was partitioned into components due to genetic
(hereditary) and non-genetic (environmental) factors and estimated
using the following formula [10]:

V=M /r 1)
V= (M-Mg) / 2
Ve=M,, 3)
Where, M, M, and r are the mean squares of RAKs, mean squares

of error and number of replications, respectively. The phenotypic
variance (V) is the total variance among phenotypes. The genotypic
variance (V,) is the part of the phenotypic variance that can be attributed
to genotypic differences among the phenotypes, and the error variance
(V) is part of the phenotypic variance due to environmental effects. To
compare the variation among traits, phenotypic (P_,) and genotypic
(Gg,) coefficients of variation were computed according to the method
suggested by Burton [11]:

P, =(VV /X) x 100 4)
Gey = (VV,/X) x 100 (5)

Where, V , V_and X are the phenotypic variance, genotypic variance
and grand mean for each pod and seed-related trait, respectively. Broad
sense heritability (h*B) was calculated according to Allen GS [12] as the
ratio of the genotypic variance (V) to the phenotypic variance (V).
Genetic advance (GA) was estimated in accordance with Johanson et
al. [10] as follows:

G, =KxBx\V, (6)
G,=(G,/X) x 100 @)

Where, K is the selection differential (2.06 for selecting 5% of the
genotypes); GA is as % of the mean. Phenotypic (rp) and genotypic
(rg) correlations were further computed to examine inter-character
relationships among seed and seedling traits following Goulden [13] as:

r,=Co, (x1, x2)/[Vp(x1) x Vp(xz)] % ()

S. No. Traits Methods

1 Pod length Length of the pod at longest side measured using vernier caliper, average value was computed and expressed in mm.
2 Pod width Length of the pod at shortest side measured using vernier caliper, average value was computed and expressed in mm.
3 Pod thickness Thickness of the pod measured using vernier caliper, average value was computed and expressed in mm.

4 100 — pod weight Weight of 100-pods weighed on electronic balance and average value was calculated and expressed in grams.

5 Seed length Length of the seed at longest side, measured in mm.

6 Seed breadth Length of the object at shortest side, measured in mm.

7 Aspect ratio Ratio of length divided by breadth.

8 100 — seed weight Weight of 100 seeds weighed on electronic balance, measured in grams.

9 Pod/seed ratio Ratio of 100-pod weight divided by 100-seed weight.

10 Plant height Length of the plant from ground level to tip in cm.
11. Collar diameter Stem diameter near the ground level in cm.
12. Volume index [Collar diameter (cm)]? x Plant height (cm)]

Table 1: Methodology followed for measuring pod and seed traits of Pongamia pinnata.
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1= CoVg (x1, x2)/[Vg(x1) X Vg(xz)] % )

Where, Co,_ and Co,_ are phenotypic and genotypic covariances for
any two traits x1 and x2, respectively, and v, and V_are the respective
phenotypic and genotypic variances for those traits. Path coefficient
analysis was done using genotypic correlation coefficients following
[14].

Results and Discussion
Variability in pod and seed traits

Genetic improvement depends upon the nature and magnitude
of existing variability and also on the degree of transmission of traits
or heritability [15]. Seed size may vary due to both internal (maternal,
hereditary) and external [environmental] conditions operating at the
time of seed development [16]. This differential development might
have an adaptive advantage in local edapho-climatic condition. Seed
weight, depends on reserve food material, which is produced as a result
of double fertilization (endosperm) and is dominated by the maternal
traits, also influenced by the nutrient availability at the time of seed
setting and environmental factors [12]. Embryo development and its
physiological function are contributed by the maternal as well as by
paternal (pollen grain) traits in the species. Analysis of variance for
pod, seed and progeny traits reveled that there was significant variation
among RAKs (Table 2). Seeds from different RAKs of P. pinnata
varied significantly in respect of pod and seed traits at p= 0.05 level of
significance. Variability of RAK-5 had maximum for six traits viz, pod

length (65.6 mm), 100-pod weight (542.4 g), seed length (27.9 mm),
seed breadth (17.4 mm), 100-seed weight (217.9 g) and plant height
(164.3 cm). However, maximum volume index was recorded in RAK-
17 (1 518.8 cm?), followed by RAK-3 (1 489.5 cm’), RAK-10 (1 486.8
cm?®), RAK-19 (1 435.8 cm?®) and RAK-14 (1 412.8 cm?®). Lowest 100-
pod and 100-seed weight were recorded in RAK-7 (231.0 g) and RAK-
24 (106.1 g) respectively. The difference recorded may be in response
to different intensities of natural selection pressure acting upon these
traits in their natural habitat. In a leguminous species the pod, seed and
germination traits were considered largely under maternal influences
but were strongly controlled by micro and macro habitats, besides
the age and general health of the parent trees [17]. Such variations in
relation to habitat have also been reported in P. pinnata by Kaushik, et
al. [18] in Haryana, Srinivasan, et al. [3] in Tamil Nadu, and Mukta N
etal., Murthy et al. [19,20] in Andhra Pradesh, India. P. pinnata being
indigenous to Indian subcontinent with wide diversity form the basic
resource for further improvement and breeding program at global
level. The results of the present study will be valuable for seed zone
delineations, strategies for conservation of genetic variation, prospects
of improvement and assessment of the potential of locally adapted
seed source. Hence, in the present study, various RAKs exhibiting
significant variability in pod and seed traits could be attributed to
fact that the species grows over a wide range of rainfall, temperature
and soil type, indicating the marked difference in selection pressure.
Habitat influences on pod and seed traits have also been reported in
number of tree species like Jatropha curcas [21-23], Madhuca latifolia

Pod traits Seed traits Progeny traits
Length | Width | Thickness 1:’2;;:::’ Length Breadth Asp.ect 13\,(:;?1?‘ Pod/ _ Height (cm) Collar diameter Volume index
(mm) (mm) (mm) (©) (mm) (mm) ratio (@) seed ratio (cm) (cm?)
RAK-1 56.7 26.4 115 357.8 24.5 16.9 1.5 151.5 2.4 125.5 2.7 929.9
RAI-2 49.1 23.2 9.8 276.3 20.3 16.2 1.3 146.1 1.9 148.7 3.0 1386.1
RAK3 55.9 20.4 12.0 358.1 23.4 15.2 1.5 123.0 2.9 140.2 3.2 1489.5
RAK-4 51.0 26.6 115 407.5 25.6 17.6 1.5 171.5 2.4 147.0 2.8 1166.4
RAK-5 65.6 237 11.7 542.4 27.9 17.4 1.6 217.9 25 164.3 29 1435.8
RAK-6 58.2 25.0 12.7 4744 26.6 17.5 1.5 165.8 2.9 125.7 24 698.9
RAK-7 56.7 26.4 11.5 357.8 245 16.9 1.5 151.5 24 125.5 2.7 929.9
RAK-8 47.7 19.8 12.3 284.6 23.5 16.2 1.5 135.3 21 146.5 29 1230.0
RAK-9 50.0 23.7 12.0 3524 241 17.3 1.4 154.0 23 135.2 29 1128.2
RAK-10 65.7 23.6 11.0 451.8 26.8 15.2 1.8 174.8 2.6 149.0 3.2 1486.8
RAK-11 57.7 23.1 121 358.9 25.6 14.4 1.8 183.7 2.0 145.2 3.0 1352.3
RAK-12 58.5 26.0 10.5 337.3 24.9 15.1 1.7 156.1 22 126.2 2.6 882.2
RAK-13 50.3 234 9.7 2748 24.0 14.6 1.6 128.9 21 112.0 1.9 445.9
RAK-14 447 18.7 10.3 233.3 23.6 15.0 1.6 125.9 1.9 123.0 2.3 703.4
RAK-15 48.5 21.3 11.8 303.1 23.7 15.2 1.6 135.7 2.2 125.2 1.9 482.4
RAK-16 451 18.7 11.0 257.6 23.6 14.4 1.6 121.6 21 134.3 2.6 973.9
RAK-17 48.8 271 10.1 329.2 22.2 175 1.3 148.5 2.2 150.3 3.2 1518.7
RAK-18 47.4 21.1 11.6 366.5 25.6 14.6 1.8 137.2 2.7 122.5 25 795.3
RAK-19 50.0 20.3 12.0 356.4 241 16.6 1.5 161.5 2.2 128.8 24 837.2
RAK-20 43.2 20.4 10.7 333.3 23.7 14.2 1.7 185.0 1.8 141.5 3.0 1298.3
RAK-21 48.2 22.8 10.7 3435 24.3 145 1.8 144.7 2.4 136.8 2.7 1049.4
RAK-22 51.5 24.9 1.7 4231 244 16.6 1.5 176.9 24 146.0 3.1 1412.8
RAK-23 44.4 243 11.3 296.7 22.7 15.3 1.5 144.7 2.1 116.2 2.2 629.9
RAK-24 49.1 23.2 9.8 276.3 20.3 16.2 1.3 146.1 1.9 148.7 3.0 1386.1
mean 51.4 22.9 11.2 341.8 24.2 15.7 1.6 150.5 23 132.6 2.6 994.5
SEM 0.7 0.4 0.2 5.7 0.4 0.1 0.03 2.7 0.1 7.3 0.3 206.0
CD5% 2.1 1.1 0.5 16.7 1.2 0.4 0.08 7.8 0.2 21.3 0.7 599.5
Table 2: Mean performance of selected genotypes for pod and seed traits in Pongamia pinnata.
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[24] and Pongamia pinnata [23].
Genetic variability and correlation studies

The success of tree breeding programme depends largely on the
type and extent of genetic variability present in the base population,
which is measured by different population parameters including
genotypic and phenotypic variations and genotypic and phenotypic
coefficient of variation [25]. The genetic estimates of pod, seed and
progeny growth performance are shown in Table 3. There were fair
difference between genotypic coefficients of variation and phenotypic
coeflicients of variation for all traits except progeny traits. All the pod
and seed traits showed high heritability and progeny growth traits had
moderate heritability. The 100-pod weight exhibited highest heritability
(more than 98.4%) followed by 100-seed weight (96.9%). The 100-pod

weight and 100-seed weight expressed high heritability (98.4%, 96.9%),
accompanied with high genetic advance (46.0%, 34.9%). Volume index
expressed moderate heritability (47.4%), accompanied with high genetic
advance (48.4%). In general, the genotypic correlation coefficient
values were higher than corresponding phenotypic values (Table 4).
The variation among genotypes is commonly used as an estimate of
total genetic variation to calculate the degree of genetic control for a
particular trait [26]. Marginal difference between PCV (phenotypic
coefficients of variation) and GCV (genotypic coefficients of variation)
and high estimates of heritability (broad sense) for all pod and seed
traits revealed the heritable nature of variability present. Relatively high
value of genotypic variance resulted in high estimates of heritability,
contributing to the high genetic gains in twelve quantitative traits (4
pod traits, 5 seed traits and 3 progeny traits). Gains from tree breeding
programs depend on the type and extent of genetic variability. The trait

. . o
Traits Senenpe rreneere. Herltabilty o

Variation Variation (%) mean

Length (mm) 12.1 12.3 96.2 24.4

. Width (mm) 11.5 11.8 94.6 22.9

Pod traits

Thickness (mm) 7.8 8.2 89.4 15.2

100-pod weight (g) 225 227 98.4 46.0

Length (mm) 6.6 7.2 82.6 12.3

Breadth (mm) 8.2 8.4 96.8 16.7

Seed traits Aspect ratio 10.4 11.0 90.4 20.4

100 -seed weight (g) 17.2 17.5 96.9 34.9

Pod — seed ratio 12.7 134 89.9 247

Plant height (cm) 11.5 14.9 58.9 18.1

Progeny traits Collar diameter (cm) 15.9 23.3 46.7 22.4

Volume index (cmq) 341 49.5 47.4 48.4

Table 3: Genetic estimates of pod, seed and progeny traits in Pongamia pinnata.
Traits I'-’_od Pod thickness 100:Pod Seed Seed Aspfect 100-_seed Pod—§eed Pl_ant _Collar V_olume

width weight length breadth ratio weight ratio Height Diameter index
Pod length P 0.44° 0.22 0.74" 0.64" 0.36 0.09 0.57" 0.49° 0.43 0.38 0.43°
G 0.45° 0.21 0.73" 0.61" 0.35 0.11 0.55" 0.48 0.32 0.27 0.29
Pod width P -0.19 0.37 0.05 0.61" -0.46" 0.36 0.11 0.11 0.13 0.15
G -0.18 0.37 0.07 0.58" -0.41" 0.35 0.12 0.11 0.12 0.12
Pod thickness P 0.517 0.54" 0.20 0.19 0.29 0.55" 0.21 0.21 0.16
G 0.49 0.50 0.18 0.20 0.27 0.51" 0.20 0.15 0.13
100-Pod weight P 0.79” 0.52" 0.07 0.82" 0.63" 0.66" 0.59” 0.60"
G 0.73" 0.50" 0.08 0.81" 0.62" 0.51" 0.40° 041
Seed length P 0.61" 0.74" -0.24 0.65" 0.52" 0.53" 0.38 0.40°
G 0.58" 0.71" -0.18 0.60" 0.46 0.38 0.26 0.28
Seed breadth P 0.08 0.56" 0.59" 0.57" 0.24 0.09 0.09
G 0.07 0.61" 0.53" 0.51" 0.22 0.18 0.16
Aspect ratio P 0.08 0.45 0.23 0.517 0.41° 0.42
G 0.07 0.45° 0.20 0.38 0.28 0.29
100-seed weight P -0.01" 0.18 -0.28 -0.29 -0.30
G -0.01" 0.19 -0.17 -0.11 -0.12
Pod-Seed ratio P 0.09 0.78" 0.67" 0.69"
G 0.04 0.60" 0.47° 0.49
Plant Height P 0.11 0.18 0.16
G 0.08 0.11 0.09
Collar Diameter P 0.96" 0.97"
G 0.84" 0.89"
0.99”
P 0.97"

Notes: ‘significant at p=0.05, “significant at p=0.01

Table 4: Genotypic (G) and phenotypic (P) correlation matrix of pod, seed and progeny traits in Pongamia pinnata.
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and 100-pod weight expressed positive significant correlation at both
genotypic and phenotypic levels with plant height (rg= 0.66, rp= 0.51),
collar diameter (0.59, 0.40) and volume index (0.60, 0.41) at 24 MAP
(Months after sowing) respectively. However, pod length (0.43) and
seed breadth (0.42) expressed positive significant correlation only at
genotypic level with volume index at 24 MAP. Path analysis of pod,
seed and progeny growth traits was carried out to unlock the direct and
indirect contributions of pod, seed and progeny growth characters on
volume index at 24 MAP. The seed breadth had the highest direct (2.18)
and indirect effect on volume index through pod width (1.32) and 2D
surface area (1.62). Though 100-seed weight was highly significantly
correlated with volume index at 24 MAP, the direct effects were less.

In the present study, the genotypic coefficients of variation and
the genetic gain were found to be comparatively higher for important
traits such as volume index, 100-pod and 100-seed weight. The trait
for volume index may be changed considerably by selecting the
superior 5% of the genotypes. High heritability’s accompanied by
high genetic advance for growth parameters have been reported in
other tree species like Jatropha curcas [21,22]; indicating possibility of
genetic improvement in growth parameters. The ultimate goal of the
tree improvement is to improve growth and yield traits of tree species.
Growth and yield traits are complex and the product depends on the
interplay of many physiological and morphological attributes, hence
improvement based on performance of tree species alone might prove
to have less effective. In genetic improvement of growth and yield traits
of P. Pinnata, clear understanding of the relationships among different
pod, seed and growth traits is very essential. As variation among
clones is used for estimation of genetic variation and genetic gain,
co-variance estimates between traits can be used to estimate genetic
correlations between the traits [27]. Correlation shows the extent of
association between seed traits, which may form additional criteria
for selection in breeding program. Correlated quantitative traits are
of a major interest in an improvement program, as the improvement
of one character may cause simultaneous correlated changes in the
other characters. Genotypic and phenotypic correlation coefficients
between various characters revealed that magnitude of correlation
coefficient at genotypic level was higher than their corresponding
phenotypic coefficient of correlations. The genotypic correlation is an
estimated value, whereas, phenotypic correlation is a derived value
from the genotype and environmental interaction [28]. The genotypic
correlation indicates genotypic association among the traits and is,
therefore, a more reliable estimate value for examining the degree of
relationship between character pairs. Path analysis of pod, seed and
progeny growth traits revealed that, even though seed breadth has
slightly low (0.42) correlation coefficients, it has highest direct (2.18)
and indirect effect on volume index through pod width (1.32). Hence
seeds with good breadth may be selected for producing better progenies
in addition to 100-pod and seed weight. Though 100-seed weight is
highly significantly correlated with volume index at 24 MAP, the direct
effect is less. Positive correlation between seed weight and seedling
height was found in Pinus spp. but it disappeared with the growing
age of the seedlings [29]. However correlation between seed weight
and plant height was observed in Pinus taeda till 15 years [30]. Khalil
[31] stated that, 1000-seed weight and plant height in Picea glauca at
four years appeared significant positive correlation. Hence, seed weight
may be an index among the criteria for selection of plus trees. Among
different seed traits, viz., seed coat, gametophyte and embryo weight,
the embryo weight had strong relation with seedling growth traits in
Pinus elliotti [32]. n Douglas fir, similar contribution of seed weight to
seedling height was reported.

Conclusion

This results of investigation revealed that significant differences
exist among RAKSs on basis of pod, seed and progeny traits. The traits
like 100-pod and seed weight were highly correlated with growth
traits of tree. In addition, pod length and seed breadth expressed
correlation with volume index at 24 MAP. Hence identification of
good RAKSs may be advantageous based on seed weight, size and shape
traits. Since traits viz. 100-pod weight, 100-seed weight and volume
index have high heritability and genetic advance, these traits may be
considered for further improvement by breeding. RAK-5 is found to
be superior on the basis of these traits, viz., 100-pod weight, 100-seed
weight, seed breadth and volume index, hence seeds of these RAK may
be importance for massive production of elite germplasm for nursery
and afforestation program. The present study can however serve as
a pointer at later stages of study especially on seed, and oil yield and
agroforestry models.

Acknowledgements

The authors are grateful to National Oilseed and Vegetable Oils Development
Board (NOVOD), Ministry of Agriculture, New Delhi, Govt. of India for financial
assistance in the form of Research and Development grants and fellowship.

References

1. Scott PT, Pregel L, Chen N, Hadler JS, Djordjevic MA (2008) Pongamia
pinnata: An untapped resource for the biofuels industry of the future. Bioenergy
Research 1: 2-11.

2. Latha S, Mariamma J, Daniel M (2001) Studies on the effect of leaf leachates of
Pongamia pinnata on certain crops and weeds and the soil microflora. National
Academic Science Letter 24: 63-68.

3. Srinivasan K, Muruganandan S, Lal J, Chandra S, Tandan SK (2003)
Antinociceptive and antipyretic activities of Pongamia pinnata leaves.
Phytotheraphy Research 17: 259-264.

4. CSIR (1988) The Wealth of India-Raw Materials, New Delhi: Council of
Scientific and Industrial Research Publication, pp. 206-211.

5. Karmee SJ, Chadha A (2005) Preparation of biodiesel from crude oil of
Pongamia pinnata. Bioresour Technology 96: 1425-1429.

6. Srivastava PK, Verma M (2008) Methyl ester of karanja oil as an alternative
renewable source energy. Fuel 87: 1673-1677.

7. Hill J, Nelson E, Tillman D (2006) Environmental, economic and energetic
costs and benefits of biodiesel and ethanol biofuels. Proc National Academic
Science 103: 11206-11210.

8. Pathak SK, Gupta K, Debroy R (1980) Studies on seed polymorphism,
germination and seedling growth of Pongamia pinnata. Indian Journal Forestry
3: 64-67.

9. Gomez AK, Gomez AA (1984) Statistical procedure for agricultural research.
John Wiley and Sons, Inc: 698.

10. Johanson HW, Robinson HF, Comstock RE (1955) Estimate of Genetic and
environmental variability in soya beans. Agronoy Journal 314-318.

11. Burton GW (1952) Quantitative inheritance in grasses. Proc. 6th Intl. Grassland
Cong: 227-283 lowa, USA: lowa State University, Press, p. 267.

12. Allen GS (1960) Factors affecting the viability and germination behavior of
Coniferous seed, Stratification period and incubation temperature, Pseudostuga
menziesii (Mirb.) Franco. Forest Chronicle 36: 18-19.

13. Goulden CH (1952) Some distance properties of latent root and vector methods
used in multivariate analysis. Biometrica, pp. 325-338.

14. Dewey DR, Lu KH (1959) A correlation and path coefficient analysis of
components of crested wheat grass seed production. Agronomy Journal 51:
515-518.

15. Zobel BJ, Talbert J (1984) Applied forest Tree Improvement. John Wiley and
Sons, New York 505.

16. Harper JL, Lovell PH, Moore KG (1970) The shape and size of seeds. Annual

Forest Res
ISSN: 2168-9776 FOR, an open access journal

Volume 4 « Issue 3 * 1000149


http://link.springer.com/article/10.1007%2Fs12155-008-9003-0#page-1
http://link.springer.com/article/10.1007%2Fs12155-008-9003-0#page-1
http://link.springer.com/article/10.1007%2Fs12155-008-9003-0#page-1
http://cat.inist.fr/?aModele=afficheN&cpsidt=14403054
http://cat.inist.fr/?aModele=afficheN&cpsidt=14403054
http://cat.inist.fr/?aModele=afficheN&cpsidt=14403054
http://www.ncbi.nlm.nih.gov/pubmed/12672157
http://www.ncbi.nlm.nih.gov/pubmed/12672157
http://www.ncbi.nlm.nih.gov/pubmed/12672157
http://www.researchgate.net/publication/7803576_Preparation_of_biodiesel_from_crude_oil_of_Pongamia_pinnata
http://www.researchgate.net/publication/7803576_Preparation_of_biodiesel_from_crude_oil_of_Pongamia_pinnata
http://www.sciencedirect.com/science/article/pii/S0016236107003754
http://www.sciencedirect.com/science/article/pii/S0016236107003754
http://www.pnas.org/content/103/30/11206.abstract
http://www.pnas.org/content/103/30/11206.abstract
http://www.pnas.org/content/103/30/11206.abstract
http://www.cabdirect.org/abstracts/19820677712.html;jsessionid=143F8A8306B646673C073670C3F01170
http://www.cabdirect.org/abstracts/19820677712.html;jsessionid=143F8A8306B646673C073670C3F01170
http://www.cabdirect.org/abstracts/19820677712.html;jsessionid=143F8A8306B646673C073670C3F01170
https://books.google.co.in/books?id=PVN7_XRhpdUC&pg=PR7&dq=Statistical+procedure+for+agricultural+research&hl=en&sa=X&ved=0CCYQ
https://books.google.co.in/books?id=PVN7_XRhpdUC&pg=PR7&dq=Statistical+procedure+for+agricultural+research&hl=en&sa=X&ved=0CCYQ
https://dl.sciencesocieties.org/publications/aj/abstracts/47/7/AJ0470070314?access=0&view=pdf
https://dl.sciencesocieties.org/publications/aj/abstracts/47/7/AJ0470070314?access=0&view=pdf
http://pubs.cif-ifc.org/doi/abs/10.5558/tfc34283-3
http://pubs.cif-ifc.org/doi/abs/10.5558/tfc34283-3
http://pubs.cif-ifc.org/doi/abs/10.5558/tfc34283-3
https://dl.sciencesocieties.org/publications/aj/abstracts/51/9/AJ0510090515
https://dl.sciencesocieties.org/publications/aj/abstracts/51/9/AJ0510090515
https://dl.sciencesocieties.org/publications/aj/abstracts/51/9/AJ0510090515
http://www.cabdirect.org/abstracts/19840699048.html
http://www.cabdirect.org/abstracts/19840699048.html

Citation: Gawali A, Wagh R, Sonawane C (2015) Evaluation of Genetic Variability and Correlation in Pod and Seed Traits of Pongamia Pinnata (L.)
Pierre. Germplasm for Genetic Tree Improvement. Forest Res 4: 149. doi:10.4172/2168-9776.1000149

Page 6 of 6

g

Revolution Ecology 327-356.

.Isik K (1986) Altitudinal variation in Pinus brutia Ten. Seed and seedling
characteristics. Silvae Genetica 35: 2-3.

18. Kaushik N, Kumar S, Kumar K, Beniwal RS, Kaushik N et al. (2007) Genetic

variability and association studies in pod and seed traits of Pongamia pinnata
(L.) Pierre in Haryana, India. Genet. Resour. Crop Evolution 54: 1827-1832.

19. Mukta N, Murthy IYLN, Nagaraj G (2009) Collection and identification of

potential tree borne oilseeds germplasm in Andhra Pradesh. Journal of
Oilseeds Research: 233-235.

24.

25.

26.

27.

Divakara BN, Krishnamurthy R (2009) Genetic variability, association and
divergence studies in seed traits and oil content of Madhuca latifolia Macb.
Accessions. Journal Oilseeds Research 26: 686-689.

Subramanian KN, Mandal AK, Nicodemus A (1995) Genetic variability and
character association in Eucalyptus grandis. Annals of Forestry 3: 134-137.

Foster GS (1986) Provenance variation of eastern cottonwood in the lower
Mississippi valley, Silvae Genetica 35: 32-38.

Chaturvedi OP, Pandey N (2004) Correlation and path analysis studies between
biomass and other characters in Bombax ceiba L. Silvae Genetica 53: 5-6.

20. Mukta N, Murthy IYLN, Sripal PO (2009) Variability assessment in Pongamia 28. Righter FI (1945) Pinus: the relationship of seed size and seedling size to
pinnata (L.) Pierre germplasm for biodiesel traits. Indian Journal of Crops inherent vigor. Journal of Forestry 43: 131-137.
Production 29: 536-540.
29. Robinson JF, Van Buijtenen JP (1979) Correlation of seed weight and nursery
21. Ginwal HS, Rawat PS, Srivastava RL (2004) Seed source variation in growth bed traits with 5, 10 and 15 year volume in loblolly pine progeny test. Forest
Performance and oil yield of Jatropha curcas Linn. in Central India. Silvae Science 25: 591-596.
Genetica 53: 186-92.
: 30. Khalil MAK (1981) Correlation of juvenile height growth with cone morphology
22.Rao GR, Korwar GR, Shanker AK, Ramakrishna YS (2008) Genetic and seed weight in white spruce. Silvae Genetica 30: 179-181.
associations, variability and diversity in seed characters, growth, reproductive . i i
phenology and yield in Jatropha curcas (L.) accessions. Trees: Structure and 31. Surles SE, White TL, Hodge GR, Duryea ML (1993) Relationship among seed
Function 22: 697-709. weight components, seedling growth traits and predicted field breeding values
in slash pine. Canadian Journal of Forest Research 23: 1550-1556.
23. Kaushik N, Kumar K, Kumar S, Kaushik N, Roy S (2007) Genetic variability and . . )
divergence studies in seed traits and oil content of Jatropha (Jatropha curcas 32. ’S*"a“? 2RW (1999) Principles of Plant Breeding. New York, John Wiley and
L.) accessions. Biomass and Bioenergy 31: 497-502. ons: 254.
Forest Res

ISSN: 2168-9776 FOR, an open access journal

Volume 4 « Issue 3 * 1000149


http://www.allgemeineforstundjagdzeitung.com/fileadmin/content/dokument/archiv/silvaegenetica/35_1986/35-2-3-58.pdf
http://www.allgemeineforstundjagdzeitung.com/fileadmin/content/dokument/archiv/silvaegenetica/35_1986/35-2-3-58.pdf
http://link.springer.com/article/10.1007/s10722-006-9204-3
http://link.springer.com/article/10.1007/s10722-006-9204-3
http://link.springer.com/article/10.1007/s10722-006-9204-3
http://www.sciencedirect.com/science/article/pii/S0926669008002008
http://www.sciencedirect.com/science/article/pii/S0926669008002008
http://www.sciencedirect.com/science/article/pii/S0926669008002008
http://germanjournalofforestresearch.com/fileadmin/content/dokument/archiv/silvaegenetica/53_2004/53-4-186.pdf
http://germanjournalofforestresearch.com/fileadmin/content/dokument/archiv/silvaegenetica/53_2004/53-4-186.pdf
http://germanjournalofforestresearch.com/fileadmin/content/dokument/archiv/silvaegenetica/53_2004/53-4-186.pdf
http://www.cabdirect.org/abstracts/20083277687.html
http://www.cabdirect.org/abstracts/20083277687.html
http://www.cabdirect.org/abstracts/20083277687.html
http://www.cabdirect.org/abstracts/20083277687.html
http://www.sciencedirect.com/science/article/pii/S0961953407000384
http://www.sciencedirect.com/science/article/pii/S0961953407000384
http://www.sciencedirect.com/science/article/pii/S0961953407000384
http://www.researchgate.net/publication/251238019_Genetic_variability_association_and_divergence_studies_in_seed_traits_and_oil_content_of_Madhuca_latifolia_Macb._accessions
http://www.researchgate.net/publication/251238019_Genetic_variability_association_and_divergence_studies_in_seed_traits_and_oil_content_of_Madhuca_latifolia_Macb._accessions
http://www.researchgate.net/publication/251238019_Genetic_variability_association_and_divergence_studies_in_seed_traits_and_oil_content_of_Madhuca_latifolia_Macb._accessions
http://www.cabdirect.org/abstracts/19960606279.html
http://www.cabdirect.org/abstracts/19960606279.html
http://germanjournalofforestresearch.com/fileadmin/content/dokument/archiv/silvaegenetica/35_1986/35-1-32.pdf
http://germanjournalofforestresearch.com/fileadmin/content/dokument/archiv/silvaegenetica/35_1986/35-1-32.pdf
http://agris.fao.org/agris-search/search.do?recordID=US201301018302
http://agris.fao.org/agris-search/search.do?recordID=US201301018302
http://www.ingentaconnect.com/content/saf/jof/1945/00000043/00000002/art00014
http://www.ingentaconnect.com/content/saf/jof/1945/00000043/00000002/art00014
http://www.ingentaconnect.com/content/saf/fs/1979/00000025/00000004/art00013
http://www.ingentaconnect.com/content/saf/fs/1979/00000025/00000004/art00013
http://www.ingentaconnect.com/content/saf/fs/1979/00000025/00000004/art00013
http://agris.fao.org/agris-search/search.do?recordID=US201302190217
http://agris.fao.org/agris-search/search.do?recordID=US201302190217
http://www.nrcresearchpress.com/doi/abs/10.1139/x93-195#.VbI1UuFSLFA
http://www.nrcresearchpress.com/doi/abs/10.1139/x93-195#.VbI1UuFSLFA
http://www.nrcresearchpress.com/doi/abs/10.1139/x93-195#.VbI1UuFSLFA
https://books.google.co.in/books?hl=en&lr=&id=74hdQoEc8XsC&oi=fnd&pg=PR7&dq=+Principles+of+Plant+Breeding&ots=CjiuM3U5Sv&sig=5fMd8S78-29XVEkZwY05TdeTAz0#v=onepage&q=Principles of Plant Breeding&f=false
https://books.google.co.in/books?hl=en&lr=&id=74hdQoEc8XsC&oi=fnd&pg=PR7&dq=+Principles+of+Plant+Breeding&ots=CjiuM3U5Sv&sig=5fMd8S78-29XVEkZwY05TdeTAz0#v=onepage&q=Principles of Plant Breeding&f=false

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Materials and Methods 
	Study site and sampling 
	The progenies trials
	Data analysis 

	Results and Discussion 
	Variability in pod and seed traits 
	Genetic variability and correlation studies 

	Conclusion 
	Acknowledgements 
	Table 1
	Table 2
	Table 3
	Table 4
	References



