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BIO-DIVERSITY IN NEEM
(AZADIRACHTA NDICA A. JUSS) WITH
SPECIAL EMPHASIS ON SEED YIELD
PARAMETERS.

*N. Srividya and **B. Poorna Sri Devi

Azadirachta indica A. Juss, commonly known as neem has been indicated to
have high species, intraspecific and ecological diversily. Attributed with many
wondrous properties, neem has generated o worldwide scientific inferest. Among
the various seed yield parameters, hundred seed weight has been found fo serve
as a reliable selection index in neem. Since neem seeds are the important source
of several valuable phytochemicals, selection of elite trees with high seed yield
becomes imperative. Seed and leaf materials of thirfeen accessions of neem were
collected from different edaphic and agroclimatic regions of Anantapur district in
the state of Andhra Pradesh. To assess the biodiversity, 16 morphological characters
of seeds and leaves were scored. This included leaf qualitative traits {laming
colour &taste, depth & regularity of serration, serration tip pointedness, emergence
of mid-vein, venation pattern) and quantitative traits of leaf (lamina length &
breadth, leaf length, number of leoflets/leaf, number of serrations) and seed
{length, breadth, L/B ratio, 100 seed weight}. The above parameters were subjected
to extensive statistical analysis. Individual leaf qualitative traits revealed moderaie
degree of variation among the accessions studied. Bio-diversity in independent
quantitative traits was revealed by the values of co-efficient of variation (CV). The
CV ranged from 14% for number of leaflets/leaf to 33% for number of serrations
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among the leaf parameters. For the seed parameters, the CV ranged from7% for
seed length to 20% for 100 seed weight. Polygonal analysis using multiple traits
divided the 13 accessions into 7 groups indicating the existence of bio-divergence
in neem. Multiple correlation analysis carried out revealed significant correlation
of the important seed yield parameter, 100 seed weight with- seed breadth{r=0.71
atp <0.01), seed length {r=0.54 at p< 0.05), leaf length(r=0.48 ot p<0.05),
and serration pointedness (r=-0.72 at p< 0.01). The important contribution of
this investigation is the identification of simple visual marker for selecting elite
frees with good seed yield. Early and year round selection of elite varieties is
possible using leaf length and serration pointedness, well before the production
of seeds begin, '
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Introduction

NEEM (Azadirachta itu&ea A. Juss), the muiti -purpose wonder tree of the tropics
has emerged as a suitable candidate to meet the demands for environmentally
benign pest control agents, safe medicinals besides wood and non-wood products.
The importance of neem is increasing worldwide and the growth of neem market is
envisaged.

Neem has been indicated fo have high species, infraspecific and ecological diversity
and to show genefic variation (Dogra and Thapliyal, 1993) due to its highly cross-
pollinated nature (Singh et al., 1996) and wide distribution range. Knowledge of
genetic variability of concerned species becomes essential for inifiating a rational
tree-improvement program. Therefore, it is mandatory to evaluate and characterize
the germplasm/acccssions for sustainable utilization. The characterization can be
achieved through morphological, cytological, biochemical or molecular markers.
This would help provide useful information about the diversity and utility of the
germplasm in terms of valuable characters of important raw material such as fruit
and seed, production of foliage, oil, active ingredients etc. Only recently, few
institufions have initiated systematic germplasm coliection and provenance work in
neem. The Department of Science and Technology {DST) have also recommended
the documentation of neem germplasm using morphological features and DNA
markers (TIFAC, 1996).

Since seeds are the concentrated source of important neem phytochemicals, the

total yield will depend on both the seed content and seed yield of a free. Thus, seed
yield related parameter needs to be considered when selecting trees. Fruit weight
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has been reported to have positive association with fruit yield {Vir and Jindal,
1999). This suggests seed weight to be a good indicator of seed vield. Hundred
seed weight has also been reported (Kumaran ef of,, 1996) to be a reliable selection
index by virtue of its high geno-typic co-efficient of variance, high genetic advance,
and moderate heritability in comparison to few other seed parameters analyzed.
For the above reasons, hundred seed weight becomes an important parameter,
which needs evaluation before selecting trees for breeding/improvement programs
or for commercial exploitafion,

The present study, thus, focussed on determining the extent of bio-diversity in neem
and on identifying simple morphological marker(s) for hundred seed weight, an
essentiol seed yield parameter.

Materials and methods

Seed and leaf materials of thieen accessions of neem collected Prom the different
regions of Anantapur district {Andhra Pradesh) were scored for sixteen morphological
characters, which included 7 qualitotive and 9 quantitative characters. The
morphological characters scored are listed below.

Qualitative Characters Quantitative Characters

i} Pattern of venation i) Leaflength {cms)

ii) Pattem of emergence of midvein iy Lamina length (cms)

iii) Lamina colour ti} Lamina breadth (cms)

iv) Lamino faste iv)  Number of leaflets/ leaf

v} Regularity of serration v)  Number of serrations in the
vi) Depth of the serration ' lower margin of lamina

vii} Pointedncss of serration tip. vi) Seedlength (cms)

vii] Seed breadth {cms)
viii) Seed length/breadth ratio
ix] Hundred seed weight {g)

The 13 accessions were collected from four provenances. Five accessions {code:
PUTI, PUTZ, PUTS, PUT4, PUT5) were selected from Pultaparty provenance. Three
accessions each were selected from Meluvoi {ME1, ME2, ME3) and Madakasira
{MAI, MA2, MA3) provenances. Two accessions {ATP1, ATP2) were studied Prom
Anantapur provenance.
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Morphometric analyses of the morphological features scored were carried out using
various siatistical methods (Gupta, 1991; Statgraphics, 1986). Depending upon
the type of data, suitable measures of variation were used to assess the divergence
exhibited by individual characters among the different accessions and study areas.
They include mean = standard deviation (SD), range and co-efficient of variation
{CV). Polygon method, a simple graphic procedure (Davidson, 1947, and Rao,
1979) which helps in simultaneous porirayal of several variabies was chosen to
illustrate the variation among the 13 accessions studied based on many traits.
Each radius of the polygon represents a single character and the distance from the
centre along it expresses the variation of that character. The shape and size of the
polygons are 2 porameters of comparison fo obiain the degree of similarity or
dissimilarity among the populations represented. Polygonal graphs for each of the
13 neem germplasm/accessions were drawn separately for 9 quantitative and 7
qualitative parameters. Multiple correlation analysis using Karl Pearson’s method
for quantifative parameters, Hiul Spearman'’s Rank correlation method {Gupte, 1991
and Stalgraphics, 1986) for the qudlitative parameters were carried out to determine
correlation between these parameters and the important seed yield parameter of
100 seed weight,

Results and Discussion

The different accessions of neem were first grouped based on the leaf qualitative
morphological characters. Each character was scored in three grades except serration
tip. The grouping is presented in table-1. It can be observed from the table that for
each character the grouping of the accessions is different Earlier studies have not
documented these qualitative traits. However, the drawings presented by
Schmutterer(1995) of varying leaf morphology exhibited the difference in the pattern
of mid-vein emergence as observed in the present study.

Among the quantitative leaf character!* leaf length showed o variation from 19.6
to 31ecm. TewHri {1992) and Mohan Ram and Nair (1993) also observed similar
variation in leaf length from 20 to 40cm. In the present study, the number of
leaflets/leaf ranged from 11 to 18 per leaf. Similar observations were made by
Tewari (1992) (9 to 13) and Mohan Ram and Nair (1993} (8 1o 1 9 in neem.
Leafletlomina length scored among the neem accessions varied from 5.6 fo 9. 7em
and the same was reported earlier by the above mentioned authors and the values
ranged between 2 and 8cm. The range of famina breadth was observed to be 1.37
to 3.10cm and was found to be comparabie to the values (1.2 - 4.,0cm) reporied
by Tewari {1992). Regarding the number of serrations on the lower margin of
leaflets, a variation of 2.72 to 6.84 was noficed. No such reports are available on
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this aspect. Variation observed in the present study might be due to the enwronmen’rai
or genetic factors.

Co-efficient of variation {CV%) whs caleulated as an indicator of variability {lable-
2). The present investigation has indicated highest variability for number of serrations
in the lower margin of lamina of the leaflet (32.39%), which ranged from 13.56 to
54.79% CV among the different provenances. The lowest averoge CV (14%) was
recorded for number of leaflets per leaf.

From the above account it is clear that the accessions under investigation exhibited
wide variation in their leaf qualitative and quantitative characters irrespective of the
provenances. :

Regarding seed morphology, an overall variability of 1.19 to 1.60cm for seed
length and 0.5 to 0.74cm for seed width was observed. This is comparable to that
reported by Veerendra (1995), who observed the seed length to vary from 1.1 1o
1.8cm and seed breadth from 0.45 to 0.85¢m. For 100 seed weight the earlier
study has, reported a wider range (100 to 530mg) than observed in the present
study (158 to 321 mg). This could be because of more number of accessions and
provenances included in the earlier study. Variation in seed L/B ratio has been also
recorded by Kumaran et af, (1996) among 28 accessions from Tamil Nadu.

The co-efficient of variation computed for seed traits are presented in table-3. The
highest CV recorded for seed length, seed width and 100 seed weight for samples
from four provenances in the present study were 16.3%, 22.1% and 48.38%
respectively, while that reported by Veerendra (1995) were 2.1%, 10.5% and 24.0
% respectively. Among the seed parameters, highest variability has been observed
for 100 seed weight in the present invesiigation and also hos been reperted by
Veerendra {1995). The high variability for 100 seed weight, an important seed yield
related parameter suggests that this could be exploited for increasing seed weight/
yield by appropriate selection and breeding methodology.

The polygonal study based on seed and leaf quantitative traiis of the thirteen-neem
accessions from four different provenances of Anantapur district aided in splitting
them into 7 different groups (Fig. 1) as follows: Group {A) MET, ME2, ME3 and
MAI ; (B) MAZ, MA3, PUT3 ; (C) PUTY ; (D) PUT2, PUT5 ; (H) PUT4 ; (F) Al AZ2.

Polygonal graphs drawn using the seven qualitative characters also indicated a
high level of variation among (he accessions studied (Fig.2). N«) similarity was
observed among accessions within each provenance. However, when oll the
accessions were considered together, moderate degree of similarity whs discerned
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only for four pairs of accessions - ME2 and A2, ME3 and MA2, MAIl and Al, and
MA3 and PUT1, exceptfor few characters like mid-vein emergence, lamina colour
ond serration patterns.

Qualitative parameters, such as serration characters of leaflets and mid-vein

emergence patterns, expected to be affected least by environmental faciors have

also shown high variability amang the accessions substantiating the existence of

genetic divergence and a broad genefic base. Earlier studies have also reported

variation among neem accessions of different countries (Kundu, 1999) and different
. regions of India (Singh et al., 1999).

Such a genetic divergence observed in the present study has been also reporfed in
other studies using molecular markers. Molecular analysis based on AFLP (Amplified
fragment length polymorphism) markers in 37 neem accessions from different eco-
geographic regions of India (Singh et at, 1999) showed absence of similar DNA profile
between any two accessions indicating each accession to be unique. Such molecular
+ studies, if coupled with morphological and chemical studies, would be interesting and
could help bring out the genetic basis behind the variation of these traits.

Muttiple correlation analysis revealed hundred seed weight to show posifive correlation
with leaf length {r = 0.48) and seed length {r = 0.54) at 90% confidence level. It
‘however, exhibited highly significant {PO.01) correlation with seed breadth r—
0.71). Hundred seed weight also showed strong negative correlation with serration-
pointedness (r = 0.72) at 99% (PQO.01) confidence level.

Seed length and width could be used to select seed lots initially by visual observation
before confirming through measurements. Since, seed production is seasonal in
neem; the leaf morpholegical markers identified (serration pointedness and leaf
length) in the present study become valuable for year-round assessment of seed
weight, making selection season-independent. Another additional advantage is
that trees in a plantation/those growing wild could be marked out for high seed
yield much before the fruit production begins in neem trees which generally fakes
about $-6 years. Those with predicted lesser yield could be thus utilized for other
end uses such as for timber, poles, leaffodder, ncem cake production ete.

Conclusion

The present investigation has, thus, revealed variation among germplasm obiained
from a smaller region in India, indicating high intraspecific variability in neem.
Further, the study has helped identify simple morphological markers for hundred
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seed weight, an imporiant seed yield related parameter. Analysis on o larger sample
size and in frees growing in a plantation and other eco-systems could help further
evaluate and confirm the usefulness as simple morphological markers identified.

Table-1

(Qualitative Characters)

Grouping of the Accessions into Different Character - States

S.No.[Characters States Accessions
1) Lamina Colour Light green ME2, MA3, A2, ME3, MAI,
 Green MAZ, PUTT, PUT3, PUT4
Dark Green MET, PUTZ, Al, PUT5
2) Lomina Taste Low PUTT, PUT4 ME2, MA3,
(Degree of Bitterness) | Medium PUT2, PUT3, A2, PUT5 ME1,
High ME3, MAI, MA2, Al
3) Venation Notconspicous | MAL, MAZ, Al MET, MAS,
Slightly conspicous { PUTY, PUT2, PUT5 ME2,
Conspicous ME3, PUT3, PUT4, A2
4) Emergence of Mid-Vein} Smooth PUT2, PUT3, PUT4, A2, PUT5
Slightly Curved | MET, ME3, MA2, PUT1 MEZ,
Curved MAI, MA3, Al
5) Serration Regularity | Irregular ME2, PUTZ, PUT4, Al
Maderately regular) ME3, MAZ, A2,PUT5 MET,
Regular MAI, MA3, PUTT, PUT3
6) Serration Depth Shaliow MET, ME2, ME3, PUT3, Al
Slightly deep MAI, MA2. A2 MA3, PUTT,
Deep PUT2, PUT4, PUTS
7) Serration Tip Blunt MAI, PUT3, PUT4, Al MET,
Pointed MEZ, ME3, MA2, MA3,
PUTT, PUT2, A2, PUTS
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Figure.1 Polygons of neem accession {9 quantitative traits)
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Figure. 2 Polygonal graphs of Neem accessions (Quadlitative Data)
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