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Abstract

Nineteen biometric characters of seed and seedling of 10
populations of Azadirachta indica from Myanmar, Bangladesh,
India, Pakistan and the Sudan were studied under growth
chamber conditions. The results obtained by the use of
principal component analysis (PCA) and cluster analysis of
data revealed three distinct groups of populations. Provenances
from the high rainfall areas were separated from lower rainfall
areas in PCA. Correlation analyses between biometric traits
and geoclimatic factors indicated the existence of ecoclinal
variation in seed weight, shoot:root ratio, leaf number, and
leaflet ratio. Leaflets of the northern provenances were
narrower than those of the southern provenances, with a
tendency for a separation between the northern (Pakistan,
Myanmar and Bangladesh) and southern occurrences (Sudan
and India). Provenances having lower shoot:root ratio and
lesser number of leaves were separated with their correspond-
ing mean annual rainfall. The results suggest that A. indica
employs an adaptive strategy in response to water deficit at
the initial phase of seedling growth and establishment.

Key words: Adaptation, Azadirachta indica, drought, ecoclinal variation,
geographical variation, neem.
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Introduction

Neem (Azadirachta indica A. JUSS.) is a multipurpose tree
species native to the Indian subcontinent and Myanmar. It has
been transferred to many of the warmer parts of the world.
Apart from its value as a timber tree, neem has antiseptic,
medicinal, insecticidal properties and sociocultural values
(RADWANSKI and WICKENS, 1981; KOUL et al., 1989; MARA-
MOROSCH, 1991; MORDUE and BLACKWELL, 1993; AHMED, 1995;
BISWAS et al., 1995; KETKAR and KETKAR, 1995). The effective
exploration, identification, documentation and use of genetic
resources of the neem is a prerequisite for its efficient use. 

The exact origin of A. indica is not known. Some authors
suggest it may lie in Myanmar and/or in parts of southern

India such as Karnataka (TROUPS, 1921; VARTAK and GHATE,
1990). Nowadays, A. indica is widely distributed by intro-
duction, mainly in the drier tropical and subtropical zone of
Asia, Africa, the Americas, Australia and the South Pacific
islands. The neem tree is well known for its drought resistance
(SCHMUTTERER, 1995). The wide ranges of habitats indicate
good adaptation to drier conditions. Neem thrives well in low
rainfall (130 mm/year) areas. In high rainfall (3,000 mm/
year to 4,000 mm/year) areas, it has failed completely
(SCHMUTTERER, 1995). Neem performs well on a wide range of
soil types. In its native environment, neem is found growing in
mixed forests in association with Acacia and Dalbergia spp.
(BENGE, 1989).

Knowledge of the distribution of genetic variability, breeding
system of trees and of the evolutionary forces that have shaped
them, is a prerequisite for tree improvement (MUONA, 1990).
Such information is also needed for planning gene conservation
and establishing breeding populations. Provenance testing is
done for very practical reasons, to screen the naturally
available genetic variation and to allow selection of the best
available types for reforestation or further breeding (WRIGHT,
1976). Provenance research also aims at defining the genetic
and environmental components of phenotypic variability
between trees from different geographic origins (CALLAHAM,
1964). Several studies (HAMRICK et al., 1979, 1981; and
HAMRICK and GODT, 1989) suggest that the extent of the
geographic range correlates closely with the within population
genetic variation in tropical tree species.

Variation in seed and seedling traits and its significance for
seed source studies have been studied in a number of tree
species. Various ecotypes of A. indica exhibit variation in
several characters (ARORA, 1993). Growth and architectural
analysis of neem showed significant variation in shoot
elongation, height growth, branching pattern and internode
length (BISHT and TOKY, 1993). Significant provenance
variation in height growth and survival rates of neem was
reported among 39 seed sources from India by RAJAWAT et al.
(1994). Geographical variation in seed size, oil content and tree
growth related characters has also been reported (VEERENDRA,
1995; SURENDRAN et al., 1993; DWIVEDI, 1993). ERMEL (1995)
showed distinct ecotypic differences in azadirachtin and oil
contents of seed kernels.
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In view of the widespread use of neem, programs on
provenance trials for the evaluation and improvement of
genetic resources of the species have been initiated by the
International Neem Network, coordinated by the Food and
Agricultural Organisation (THOMSEN and SOUVANNAVONG,
1994). Twenty seven provenances from 11 countries in Asia and
Africa are included in this program (MISHRA, 1995). This study
attempts to gain a better understanding on how geoclimatic
factors prevailing at different sites affect morphological
differences between the populations during the seed and
seedling stages. Thus, the present study aims at providing
basic knowledge regarding the intraspecific variation which
may be useful for tree improvement.

Materials and Methods

Genetic material

We received 200 g to 300 g of open pollinated bulked seeds of
each of 10 provenances from Myanmar (Yezin S1 and Myene
S2), Bangladesh (Chapai-Nawabganj S3 and Nazirhat S4),
India (Chitradurga S5, Annur S6 and Ghati S7), Pakistan

(Tibbi Laran S8 and Multan S9) and Sudan (Geteina S10)
(Table 1, Figure 1). 

Seed measurements 

For determining the seed weight of 100 seeds, 300 seeds
were taken at random and divided into 3 replications
(100+100+100 = 300) (SNIEZKO and STEWART, 1989). Seed
weight was recorded as soon as the seeds were received. To
measure the seed size, a random sample of 100 undamaged
seeds from each source was divided into three replications
(30+30+40 =100) and length (mm) and diameter (mm) of the
seeds were measured with a slide caliper.

Seed germination

The seed coat or endocarp (hard shell) of each seed was
removed by hand and the shelled seeds were placed in
sterilized moistened sand and germinated in a germination
chamber at 30°C to 32°C. After 7 days from sowing, the
germinated seeds were transferred into perforated plastic pots
(10 x 10 x 7 cm3) containing a mixture of peat, sand and
vermiculite (4 :2 :1) and placed in the greenhouse. The
day/night temperatures and relative humidity were maintain-
ed at 22±3°C/18±3°C and 80% to 75%, respectively. The
photoperiod was maintained at 12/12 hours daily dark/light
period and photosynthetic light intensity was maintained at
500 to 700 µmol m–2 s–1 on the seedling canopy until October
31, 1995 (5 to 7 weeks). The seedlings were watered twice a
week with 200 ml water per seedling. 

Cotyledon measurements 

The cotyledons were collected 3 weeks after transplanting
and preserved at -20°C. After cotyledons had been collected
from all 10 provenances, samples of 100 cotyledons (in 3 repli-
cates) were drawn at random from each provenance and
measured for their maximum length, thickness and width in
millimeters.

Seedling growth experiment

On November 1, 1995, 10 healthy seedlings of uniform
height were chosen from each provenance and transferred to
larger plastic containers (diameter 19 cm and volume
4250.78 cm3) with the above mentioned rooting mixture.
Seedlings were then placed in a growth chamber. A total of 100
seedlings were divided into 3 blocks in a randomized complete
block design (30+30+40=100). The seedlings were watered
twice a week with 300 ml of water. A balanced Kemira fertilizer
(N 28%, P 5%, K 21%, S 1.8%, Mg 1.4% and trace elements)

Table 1. – Seed sources of Azadiracta indica used in the study.

Provenances are emphasized by bold letters

Figure 1. – Climatic classification (RAO, 1981) and geographical loca-
tions of 9 provenances (provenance S10 from the Sudan is not shown on
the map). • represents the localities of provenances. 



131

was applied twice a month. In the first month 20 mg, in the
second and third months 30 mg and for the rest of the growing
period 60 mg of fertilizer was applied in solution per seedling.
The day/night temperatures and relative humidity were
maintained at 30±3°C/20±3°C, and 80% to 75%, respectively.
The photoperiod was maintained at 12/12 hours daily
dark/light period and photosynthetic light intensity was
maintained at 800 to 1000 µmol m–2 s–1 on the seedling canopy.
The seedlings were harvested on May 25, 1996 after growing
for 27 weeks. 

Measurement of growth traits of seedling

After removal of the rooting media (by washing roots with
water) seedlings were cut at root collar level beneath the
cotyledon scars and their entire length was measured up to
shoot tip as seedling height in centimeters. Collar diameter
was measured at the point of cotyledon scars in millimeters.
The distance between the cotyledon scars and lowest true leaf
was measured in centimeters. Free water adhering to the root
systems was blotted with blotting paper and total fresh weight
recorded. The volumes of shoots and of roots were measured
separately by the water displacement method as described by
BURDETT (1978). The volume ratio of shoot:root was calculated.
Oven dry weight was determined by drying seedlings in the
oven at 80±1°C for 48 hours. The total number of leaves per
seedling was recorded. Total leaf area was measured with the
LI-COR Model LI-3000 portable area meter. Leaf length was
measured on 10 consecutive fully mature leaves (Figure 2) and
mean values were used for analyses of data. Internode length
over 10 consecutive leaves was measured in centimeters. To
determine the leaflet ratio, width and length of 5 leaflets
selected from a fully expanded mature leaf (excluding terminal
leaflet) were measured as shown in figure 2. Leaflet areas of
the same 5 leaflets were measured with the above mentioned
area meter. The means were used for statistical analysis. The
method of PINYOPUSARERK et al. (1993) for assessment of leaf
traits was followed. 

Figure 2. – Method of assessment of leaf traits. 

Statistical analyses

Data were analyzed on estimates of simple statistical
parameters, analysis of variance (ANOVA), variance com-
ponents, correlation and principal component analysis (PCA).
The multiple comparison procedure involving TUKEY’s Honestly
Significant Difference (HSD) test (P = 0.05) was used to
compare the provenance means. Regression analyses were
conducted to investigate relationships between biometric traits

on the one hand, and geoclimatic data on the other. These
analyses were carried out by applying the Statistical Analysis
Systems (SAS) (1989) software package version 6.08.

To investigate distance (‘similarity/dissimilarity’) relation-
ships among populations, a cluster analysis was carried out by
applying SYSTAT Inc. (1990) software package, which applies
the ‘PEARSON distance’ and ‘Single linkage’ methods. Two-way
ANOVA was used for individual measurements, while
provenance means were used for correlation, regression, PCA
and cluster analyses.

Results

The statistical parameters (mean, standard error of the
mean (SE) and coefficient of variation (CV)) for 19 measured
traits along with the statistical significance at the 5% level of
probability are presented in table 3. Seed length varied from
15.27 mm to 11.71 mm (S3 and S9). Seed diameter varied from
7.47 mm to 6.55 mm (S3 and S6). Seed weight varied from
28.35 g to 11.41 g (S3 and S2). For most of the growth related
traits, S1, S3, S5 and S7 showed superior, S9, S4 and S2
medium and S8, S10 and S6 poor performance. Provenances
S1, S3, S5 were significantly (P = 0.05) different from S6, S10
in height growth (Table 3). Cumulative height growth curves of
10 provenances are illustrated in figure 4. The variation in leaf
size of Indian and Bangladeshi provenances is illustrated in
figure 3a. Higher shoot: root ratios were observed in S4 and S3
(8.42 – 8.16) and lower ratios in S6 and S10 (5.41 – 4.13). Shoot:
root ratios of S4 and S3 were significantly different from that
of the relatively low shoot:root ratio of S10. The variation in
root system among 10 provenances is illustrated in figure 3b.
Leaflet ratio varied from 0.41 (S10) to 0.32 (S9) which values
are significantly different. There were very highly significant
(P < 0.0001) differences among the provenances for all
measured traits. In contrast, differences between individuals
within the provenances were generally very small. For seedling
traits, the leaf length showed the highest (41.95%) relative

Table 2. – Measured and calculated morphometric characters of seeds,
cotyledons and seedlings of A. indica. 
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Table 3. – Statistical parameters (Stat. param.), mean, standard error of the mean (SE) and coefficient of variation (CV), of the seed and seedling
traits (variables) studied for 10 provenances (S1 to S10) of Azadirachta indica. 

Traits means with the same superscript letters are not significantly different at P = 0.05 (TUKEY’s HSD test).

variance component and shoot:root ratio the lowest (16.58%).
All relative variance components of the seedling traits may be
attributed to genetic variation.

Multivariate analysis

Correlation coefficients (r) among all possible combinations
of variables both the biometric traits and geoclimatic data are

summarized in the tables 4a and 4b, respectively. Correlations
between the measured traits and geoclimatic data are of
special interest (Table 4b). Shoot:root ratio (St:Rt) and total
number of leaves (TL) were highly significantly (P < 0.01) corre-
lated with the mean annual rainfall. Positive significant
(P < 0.05) correlations were found between seed length (SL),
shoot:root ratio and total number of leaves on the one hand,
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Figure 3a. – Variation in leaf size in Bangladesh and Indian provenances of A. indica. Mean leaf
lengths of provenances S5 and S6 are significantly (P = 0.05) different from each other (Table 2).

Figure 3b. – Variation in root systems of  A. indcia among 10 provenances grown in a growth
chamber. The lowest mean of shoot :root ratio of the Sudan provenance (S10) is significantly 
(P = 0.05) different (Table 2) from the provenances of Chapai-Nawabganj (S3) and Nazirhat (S4),
respectively. Shoot :root ratio and MAR are highly significantly correlated (P < 0.0073) indicating
adaptation to arid conditions.

and respective longitude of origin of the provenances on the
other. A negative significant (P < 0.05) correlation was also
observed between leaflet ratio (LtR) and respective latitude of
origin. There is a suggestion of a separation between the
northern and southern populations, those from the north had
narrower leaflets than those from the south. Results of
regression analyses and relationship of important traits are
shown in figures 6, 7 and 8. Generally, provenances from low
rainfall areas showed comparatively low height growth and
small leaf area, except S5.

Principal component analysis

The first 3 eigenvectors extracted in the PCA are presented
in table 5. In the first, second and third principal components,

the largest absolute loading values were MAR (0.931704), TLA
(0.937487) and Alt (0.984495), respectively. The first principal
component accounted for 72% of the variation and the second
for 20%. A plot of the scores of the first and second principal
components is illustrated in figure 5. The figure shows 3
distinct groups of provenances. Provenance S4 falls in group 1,
provenances S1, S3 form a second group and provenances S2,
S5, S6, S7, S8, S9 and S10 make up a third group. MAR was
considered as the most important variate in the first principal
component and the TLA in the second.

Cluster analysis

The phenogram resulting from the distance matrix
calculated on the basis of morphometric data is illustrated in
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Figure 4. – Differences in seedling height growth of 10 different seed sources (S1 to S10) of Azadi-
rachta indica grown in a growth chamber.

Table 4a. – Correlation coefficients (r) among the seed and seedling traits (provenance mean basis) of Azadirachta indica. 

Table 4b. – Simple correlation (r) between characters studied (provenance mean basis) and geoclimatic data of 10 provenances of Azadirachta indica. 

* Significant, ** highly significant, and *** very highly significant. 

* Significant, ** highly significant. 
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figure 9. The provenances were separated into 3 major groups.
Provenances S1 and S3 fall into the first group, S2, S4, S5, S7,
S8 and S9 are closed together in the second, while S6 and S10
form a third group. Provenances S4 and S5 are relatively
remote from the rests in the second group.

Discussion

In the present study of A. indica, significant amounts of
provenance variation were found in a wide array of traits.
Strong correlation between the morphometric traits and
geoclimatic data shows that there is probably a cline 
in distribution of neem populations. Seed weight seedling
height, volume, leaf area, leaflet ratio, number of leaves, and
shoot:root ratio provided good discriminating characters for
comparing provenances. Variation between populations larger
than within populations in this study suggests a good
opportunity for selection and breeding among neem popula-
tions.

Strong correlations between number of leaves, shoot:root
ratio with MAR indicate adaptation to water availability.
Genetic differentiation of drought tolerance has been found
within tree species with extensive geographic or habitat range
(BONGARTEN et al., 1986; ABRAMS et al., 1990; PARKER and
PALLARDY, 1991). Since all life requires water and since water is
unevenly distributed, its abundance or scarcity in an
environment is reflected in striking vegetational character-
istics (BILLINGS, 1964). According to DAUBENMIRE (1947), a
difference in rainfall, either in annual or total or in the
seasonal distribution, was almost invariably accompanied by
differences in natural plant populations. Plants display a wide
range of mechanisms of adaptation to water deficits (TURNER,
1986); reduction in leaf area, increased root density and depth
are important adaptive features. The results of the present
study supports Turner’s investigation. A lower shoot:root ratio
may indicate drought tolerance in a provenance, as is also
suggested by EKANAYAKE et al. (1985), and PULKKINEN and
TIGERSTEDT (1991).

The northern populations are distinct from the southern
populations by having narrower leaflets. Other features which

Figure 5. – Relationship between first and second principal components
showing the distribution of provenances on the basis of PCA.

Figure 6. – Relationship between mean annual rainfall and shoot :root
ratio of A. indica seedlings of 10 provenances. 

Figure 7. – Relationship between mean annual rainfall and number of
leaves (provenance mean basis) of 10 provenances of A. indica. The
correlation coefficient ‘r’ is highly significant (P < 0.0084).

Figure 8. – Regression showing relationship between latitude of origin
and leaflet ratio of 10 provenances of A. indica. The value of ‘r’ is highly
significant (P < 0.004).

Table 5. – Eigenvectors extracted from the data by principal component
analysis. 
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differentiated the provenances from the north to the south
were leaf area, leaf length and leaflet area. Climatic stress,
perhaps the low MAR at the western range of the species
suggest that the narrow leaflets are an adaptation to this area.
The climatic classification described by RAO et al. (1971)
showed the extent of aridity of these geographic regions. RAO’s
results depicted the classical determinant of weather patterns
in these latitudes, in particular a gradient of increasing aridity
from the east to the west. The correlation between seed size or
seedling morphology with the corresponding MAR and latitude
would suggest a selective environmental pressure through
increasing aridity (BURLEY et al., 1971).

The results of PCA distinguished 3 distinct groups of
populations. PCA not only provides a visual representation of
the relationship such as the one discussed above, but also
indicates which characters are the most important in defining
that relationship (RADFORD, 1986). Morphometric traits and
geoclimatic data were used by LOPEZ-MATA (1987) and CHANG-
GENG (1987) in the study of genecological differentiation among
provenances. In the present study, mean annual rainfall (MAR)
and leaf area (TLA) were the most important characters
considered in PCA which defined drought as an adaptive
feature in differentiation of neem populations. Several studies
on other species (IBRAHIM, 1996; DORAN et al., 1995; PINYO-
PUSARERK et al, 1993; and MORISHIMA and OKA, 1981) support
the results of the present study. 

Cluster analysis of variation for morphological traits
revealed the existence of three distinct major groups. The
former group represents provenances from relatively low and
the latter high rainfall areas. Morphological traits were used to
correlate the genetic studies of VERGA (1995) and KLEINSCHMIT

et al. (1995) to interpret the genetic relationship of different
populations. In the present study, the morphometric traits
showed distinct relationship among the 10 different popula-
tions.

Since the environmental deviations are negligible for the
experiments conducted under controlled conditions the
observed phenotypic values may be good indicators of genetic
distance. The correlation of morphological characters of seed
and seedling with latitude found in the present study would
suggest the existence of a selective environmental pressure
through increasing aridity. However, the eastern part of the
natural distribution zone of neem seems to have more moist
conditions than the western parts. A marker gene analysis of
genetic variability and field evaluation may give greater
insight into the success of improvement of A. indica.
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Abstract

One winter and 2 spring experiments were conducted testing
the influence of genotype, auxin treatment, duration of the
rooting period, time of cuttings collection and preliminary
hedging on the rooting percentage and root quality of
Cupressus sempervirens softwood stem cuttings. In total,
15 hedged and 7 nonhedged 4-year-old seedlings from 7 Cretan
provenances of the species were used as cutting donors. The
duration of the rooting period (3 months vs. 4 months)

significantly affected the rooting and callus formation
percentages. One month extension of the rooting period
resulted in a 41.73% increase of rooted cuttings. The genotype
was a major factor influencing the percentage of rooting,
number of roots and length of the main root. Neither the
treatment application, nor the time extension were able to
offset the variation among the genotypes. The auxin treatment
enhanced rooting and its positive effect was more pronounced
during shorter rooting periods. However, the optimal IBA
concentration for rooting differed among the genotypes and
treatment x rooting duration interaction was present. The
comparative results between the effect of the season and the
preliminary rejuvenation showed that the cuttings obtained
from slowly growing shoots (either from the lower part of
nonhedged donors or those collected in winter) demonstrate
higher capability to survive and to root than those from
intensively growing shoots (from hedged donors, collected
during the spring). Statistically significant genotype x season
interaction was also found. 
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