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ABSTRACT

Correlations and path analysis were worked out in three-year-old progeny trial of five different Prosopis species viz. P nigra, P
chilensis, P flexuosa, P alba and Prosopis species - preuvian. All the correlations between plant height, collar diameter, crown
diameter and biomass were found to be positive. Correlation coefficients were the maximum between plant height and collar
diameter and ranged from 0.79 (Pchilensis) to 0.87 (Prosopis species - peruvian). Path analysis revealed that maximum direct
effect towards biomass was contributed by collar diameter in P nigra (0.48), P alba (0.36) and Prosopis species - peruvain
(0.38). However, in case of Pchilensis plant height had maximum direct effect towards biomass (0.36). In P flexuosa, crown
diameter contributed maximum in this respect (0.51). Residual effects were high in all the cases and ranged from 0.56, in P
chilensis to 0.73 in P flexuosa.
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1. INTRODUCTION

Tree biomass is a complex character and is the
multiplicative end product of many factors referred as
biomass factors. Improvement of biomass generally
depends upon the improvement of these factors.
Component characters are inter-linked complexly,
because of mutual positive or negative association with
each other. Therefore, in order to improve biomass
components breeding approach was found to be much
gainful (Graffius, 1959).

Falconer (1960) suggested the possibility to achieve a
more rapid progress in improvement through selection
using secondary characters correlated with the one for
which progressive selection is desired. In such a situation
path analysis is a suitable tool for understanding the direct
and indirect causes of associations between independent
and dependent variables. The information obtained from
this technique helps in the indirect selection for genetic
improvement of biomass. The concept of path analysis
was originally developed by Wright (1921), but the
technique was first used in late 1950's for plant selection
by Dewey and Lu (1959). Afterwards, using path analysis,
wide genetic improvement for grain and fodder yield has
been achieved in various crop plants however, no
research on biomass improvement using this approach
in tree species was cited.

The species of genus Prosopis are potentially productive
and considered to be multipurpose tree for desert dwellers
(Felker, 1984; Felker et ai, 1989; Kackar, 1988; Sharma
et ai, 1993, 94). The present investigation aims to : (i)
Study the association of biomass contributing characters
and their interactions and (ii) Estimate the direct and
indirect effects of component characters on biomass

through path coefficient analysis in various Prosopis
species.

2. MATERIALS AND METHODS

Present investigation was carried out with 106 groups of
various exotic Prosopis spp. viz, P nigra (12 groups), P
chilensis (19 groups), P flexuosa (23 groups), P alba
(30 groups) and Prosopis species - peruvian (22 groups).
Seedlings of all the species were first raised in nursery
in the month of February in polythene tubes containing
uniform rooting medium composed of FYM, sand and
clay in 1:2:1 ratio and after five months, transplanted on
the field (during the month of July). Planting was done at
the spacing of 2.5 m x 4.0 m in randomized complete
block design with four replications each having five plants.
Plants were irrigated (15 litres water/plant) once in a
month during winter season (November to March) and
fortnightly in summer (April to June) during first year for
better establishment. Afterwards, plants were irrigated
only two times in a year during May and June (extreme
hot period of summer season when average maximum
temperature ranged between (42 - 44°C). Timely hoeing
was also carried out for weed control. .

Observations on plant height, collar diameter, crown
diameter and biomass of all the surviving trees were
recorded after three years of growth. Total above ground
biomass of individual tree was estimated using collar
diameter (15cm above the ground level) of single and
multistemmed individuals. In multistemmed individuals,
collar diameter of different 'stems' (upto the maximum
of 5 stems/plant) were measured and biomass of each
'stem' was estimated, and then estimates were pooled
to obtain total above ground biomass of the plant.
Replication means were used for statistical analysis. The
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following empirical equation (originally developed by
Felker et aI., 1989 for Prosopis spp.) was used for
estimation of biomass in both single stemmed and
multistemmed trees.

log 10 dry wt. (kg) = 2.1905 {log 10 stem diameter (cm)} - 0.9811

Phenotypic and genotypic correlation coefficients were
calculated from variances and covariances following
Johnson et al. (1955) procedure. The direct and indirect
contributions of plant height, collar diameter and crown
diameter towards biomass were obtained following
Dewey and Lu (1959).

3. RESULTS AND DISCUSSION

3.1. Correlations

All the correlation coefficients between plant height, collar
diameter, crown diameter and estimated biomass were
positive at both phenotypic and genotypic levels (Table
1.). In P chilensis, P alba and Prosopis species -
peruvian, all the character combinations were significantly
correlated. In P nigra, correlation coefficients between
plant height with that of collar diameter and crown
diameter; and between collar diameter and crown
diameter were significant. In P nexuose, all the correlation
coefficients (except between collar diameter and
biomass) were significant. The correlation coefficient of
plant height with collar diameter and crown diameter;
and between collar diameter and crown diameter were
highly significant in all the five species. The magnitude
of correlation coefficient was found to be maximum
between plant height and collar diameter in all the cases;
ranging from 0.79 (P chilensis) to 0.87 (Prosopis species
- peruvian).

In general, genotypic correlation coefficients were higher
than phenotypic correlation coefficients, indicating the
inherent associations. This may be attributed to some
environmental influences because at genotypic levels
correlations may be high but they get masked due to
certain environmental factors, hence there would be a
decrease in the phenotypic correlations. Tewari et. ai,
(1994) found that environmental factors like soil
heterogeneity, cultural irregularities, chances of error in
the experimentation, etc. may exert influence at
genotypic level which in turn is expressed at the
phenotypic level in one way or another. Saini and Kackar
(1982) also found that in such cases either correlated
characters are under the control of same set of genes or
have same physiological basis for their expressions.

In some cases, the genotypic correlation coefficients were
found higher than the unity. This could be due to the fact
that genotypic correlations, being estimates, might have
been subjected either to estimation error or negative
environmental association between replications (Burton,

1951). Ledig and Whitmore (1981) suggested that
genotypic correlations needed to be used with caution
because standard error of genotypic correlation in general
is notoriously large. Positive and high correlations at
phenotypic and genotypic levels between different plant
characters have also been reported earlier by Khosla et
al. (1985) in Pinus roxburghi, Jindal et al. (1987) in Acacia
senegal, Kackar (1988) in P cineraria, Malan (1988) in
Eucalyptus grandis, Tewari et al. (1994) in Populus
deltoides and Prabhakar et al. (1994) in Solanum
khasianum.

3.2. path Analysis

The direct and indirect effects of plant height, collar
diameter and crown diameter on above ground biomass,
which were assessed through path analysis in five
different Prosopis species are presented in table 2. In P
nigra, collar diameter had maximum direct effect (0.48
at the genotypic level and 2.10 at the phenotypic level);
and indirect effect of plant height and crown diameter
via collar diameter was also positive and high at both
levels. The direct effect of plant height was 0.38 at
phenotypic level and 1.36 at genotypic level; and indirect
effects of crown diameter and collar diameter via plant
height were also high. The direct effect of crown diameter;
and indirect effects of plant height and collar diameter
via crown diameterwere negative at both levels. Because
the indirect effect of crown diameter via plant height and
collar diameter was highly positive, therefore, crown
diameter may also be considered as a selection
parameter for biomass improvement.

In P cniiensis, maximum direct effect at the phenotypic
level was contributed by plant height (0.36); and indirect
effect of collar diameter at both levels. The direct effect
of collar diameter and crown diameter was moderate and
almost similar at the phenotypic level; but at the genotypic
level, the effect of crown diameter was very much high
(0.95), while collar diameter had a negative effect. The
effect of crown diameter via plant height and collar
diameter was positive and moderate at the phenotypic
level, while it was high at the genotypic level. The effects
of plant height and crown diameter via collar diameter
were moderate and positive at phenotypic level, while at
genotypic level effects were negative. Therefore, plant
height and crown diameter are important characters for
selection of plant type having high biomass accumulation
potential.

In P tlexuose, the maximum direct effect (0.51) was
contributed by the crown diameter at the phenotypic level.
The indirect effect of plant height and collar diameter
via crown diameter at the phenotypic level was also
positive and high however, at the genotypic level the
effects were negative. The direct effect of collar diameter,
and indirect effects of plant height and crown diameter
via collar diameter were negative at the phenotypic level,



Character P nigra P chilensis P f1exuosa P alba Prosopis species - peruvian

(1 ) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3) (1) (2) (3)

1.Plant height G 0.38 0.39 -0.23 0.54 0.36 0.15 0.13 0.64 0.25 -0.20 0.36 0.41 -0.07 0.29 0.19 0.41 0.04 0.33 0.14 0.51

P 1.36 1.97 -2.55 0.78 0.81 -1.03 0.88 0.66 4.15 14.50 -18.19 0.46 -1.59 0.54 1.16 0.11 3.28 0.76 -2.78 1.23

2.Collar diameter G 0.31 0.48 -0.25 0.54 0.28 0.19 0.13 0.60 0.20 -0.25 0.40 0.36 -0.06 0.36 0.24 0.54 0.03 0.38 0.14 0.55

P 1.28 2.10 -2.65 0.73 0.96 -0.87 0.92 1.02 3.59 16.80 -19.62 0,77 -1.39 0.62 1.44 0.67 1,02 2.43 -2.11 1.34

3.Crown diameter G 0.27 0.37 -0.33 0.31 0.27 0.13 0,18 0.58 0.18 -0.19 0,51 0,50 -0.04 0,27 0.31 0.54 0,03 0.27 0.19 0.49

P 1,21 1.94 -2.87 0,28 0,75 -0,84 0.95 0,86 3.83 16,71 -19,72 0,82 -1.45 0,70 1.27 0.52 2,60 1,46 -3.52 0,54

Residual P = 0.64 Residual P = 0.56 Residual P = 0.73 Residual P = 0,67 Residual P = 0.68

G = 0,79 G = 0.53 G = 2.27 G = 0,10 G = 4.50

r = Correlation coefficient with total dry biomass; P = Phenotypic; G = Genotypic; Direct effect are underlined

Table 1. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients of tree structural parameters in different Prosopis species
at 3 years of growth

Pchilensis Palba Prosopis spp. peruvianPflaxuosaCharacter

(4) (1)(1) (2) (4) (1) (2) (3) (3)(3) (2) (2)(1 ) (3) (4)(4) (1) (2) (3) (4)

0.83** 0.72** 0.54 0.81** 0.70** 0.41*0.79** 0.74** 0.64**1. Plant height 0.82** 0.61** 0.41* 0.87** 0.74** 0.51 *

0.77** 0,36 0,880.76** 0.54 1,192.Collar diameter 0.94 0.72** 0.60** 0,86 0.75** 0.54** 0,31 0.72** 0,55**

0.50* 0.91 1.133.Crowndiameter 0,89 0.92 0.31 0,92 0.97 0.58** 0,92 1.00 0.54** 0.79 0.60 0.49*

0.46 077 0,820,78 0.73 0,28 0.66 1.02 0,86 0.11 0.67 0.52 1,26 1.34 0.544, Dry biomass

• P<O.05; •• P<O.01

Table 2. Path coefficient analysis of dry biomass vs other contributing characters in 3-years- old Prosopis species,
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while at the genotypic level, it was found to be positive.
This trend might be attributed to environmental influence
of some kind. The direct effect of plant height at the
phenotypic level was 0.25 and, indirect effects of collar
diameter and crown diameter via plant height were also
positive at phenotypic level. At the genotypic level, the
magnitude of these effects were positive and high
therefore, more emphasis should be given to height
growth for the selections of potentially high biomass
yielding plant types in this species.

In P alba the maximum direct effect (0.36) at the
phenotypic level was contributed by collar diameter. The
indirect effects of plant height and crown diameter via it
were also high, and at the genotypic level, effects were
highly positive. The direct effect of crown diameter was
0.31 at phenotypic level and indirect effects of collar
diameter and plant height via it were also positive. All
the effects were positive and of the high order at the
genotypic level than that of the phenotypic level. The
direct effect of plant height and indirect effect of collar
diameter and crown diameter via plant height were
negative. Therefore, it can be concluded that collar
diameter and crown diameter are equally important and
reliable character when selecting plant types of this
species for higher biomass production.

In Prosopis spp. - peruvian, collar diameter had maximum
direct effect at both levels (0.38 at phenotypic level and
2.43 at genotypic level); and indirect effects of plant
height and crown diameter via it were also positively high
at both levels. Crown diameter had small positive direct
effect; and indirect effects of plant height and collar
diameter via crown diameter were also positive at the
phenotypic level but the effects were negative at the
genotypic level. The direct effect of plant height; and
indirect effects of collar diameter and crown diameter
via it were negligible at the phenotypic level however,
the effect were high at the genotypic level. The plant
height and crown diameter had a sizable positive indirect
effect via collar diameter indicating thereby that all three
characters had significant contribution to biomass.

In some cases, the direct effects were either less or
negative but the indirect effects of these characters were
positive and high via other characters. Therefore, these
characters may also be considered when selecting plant
types for higher biomass. The high residual effects in all
the cases indicate that there were certain other
characters, which also contributed to biomass. Some of
these might be related to stem number, branches, leaves
and other tree form factor.
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