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KAUR, A., HUSEN, A. & POKHRIYAL, T. C. 2005. Effects of seedling source variation
in relation to nitrogen metabolism and biomass production in Albizia lebbek. Seedlings
of Albizia lebbek were collected from five different Forest Department nurseries, namely,
the forest divisions from Barkot and Lalpani in Dehra Dun; Kalsi in Chakrata; Kiratpur
Sahib in Roopnagar (Punjab); and Lalkuan in Haldwani to study the changes in some
growth parameters, mineral nutrients (nitrogen, phosphorous and potassium) in
different parts of the seedlings and in-vivo nitrate reductase and nitrogenase activity.
Overall highest and lowest growth, biomass production and nitrogenase activity were
recorded in Barkot and Kalsi sources respectively. The reverse trend was observed for
the number of nodules per plant and nitrate reductase activity. The highest and the
lowest contents of nitrogen and phosphorous in leaves and stem were recorded in
Kalsi and Kiratpur Sahib seedlings respectively. Barkot source exhibited the highest
contents of total nitrogen and total phosphorous per seedling whereas total potassium
content per seedling was highest in seedlings from Kiratpur Sahib. The physiological
changes in the seedling behaviour may be attributed to the variation in the origin of
seed and the prevailing edaphic conditions, including rhizospheric microflora.
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KAUR, A., HUSEN, A. & POKHRIYAL, T. C. 2005. Kesan variasi tempat asal anak
benih terhadap metabolisme nitrogen dan penghasilan biojisim Albizia lebbek. Anak
benih Albizia lebbek dikumpul daripada lima tapak semaian Jabatan Hutan yang berbeza
iaitu dari Barkot dan Lalpani di Dehra Dun, Kalsi di Chakrata, Kiratpur Sahib di
Roopnagar (Punjap) dan Lalkuan di Haldwani. Tujuannya ialah untuk mengkaji
perubahan dalam sesetengah parameter pertumbuhan, nutrien mineral (nitrogen,
fosforus dan kalium) dalam bahagian anak benih yang berbeza serta aktiviti nitrat
reduktase dan nitrogenase in-vivo. Secara keseluruhan, bacaan tertinggi dan terendah
bagi pertumbuhan, penghasilan biojisim dan aktiviti nitrogenase dicerap masing-
masing dalam anak benih dari Barkot dan Kalsi. Trend sebaliknya diperhatikan untuk
bilangan nodul bagi setiap anak benih dan aktiviti nitrat reduktase. Kandungan tertinggi
nitrogen dan fosforus didapati dalam anak benih yang berasal dari Kalsi sementara
yang terendah, dari Kiratpur Sahib. Anak benih Barkot menunjukkan kandungan
jumlah nitrogen serta jumlah fosforus yang tertinggi bagi setiap anak benih. Bacaan
tertinggi bagi jumlah kalium bagi setiap anak benih adalah dalam anak benih Kiratpur
Sahib. Perubahan fisiologi dalam anak benih dikaitkan kepada variasi tempat asal
anak benih serta keadaan edafik sedia ada, termasuklah mikroflora rizosfera.
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Introduction

Scarcity of fuelwood, fodder and food for man and animals, along with increased
erosion and decreased fertility of soil are among the major problems shared by
many developing countries. Fast-growing leguminous trees and shrubs are now
being planted on a large scale to provide fuelwood, construction material, fodder
and nitrogen-rich biomass for improving soil fertility. When non-nitrogen fixing
trees are intercropped with nitrogen-fixing leguminous trees, soil nitrogen
availability and growth have been reported to be enhanced (Du Cros et al. 1984).
Albizia lebbek is a fast-growing leguminous tree with nitrogen fixation and assimilation
capabilities. It is grown as a nurse tree in tea and coffee plantations and the shed
leaves also make good fertilizer. The foliage of this tree is lopped for nutritious
fodder and the timber is used for construction of houses and furniture. Its bark
contains tannins, saponins and reddish brown gum. Albizia lebbek is extensively
planted as an avenue tree, wind breaks and shelter belts. It grows in a variety of
soils and climates and is fairly resistant to salt, drought and frost. Chauhan and
Pokhriyal (2001, 2002) reported an increase in the overall growth and nitrogen
fixation potential of A. lebbek seedlings inoculated with Rhizobium and arbuscular
mycorrhiza. Pokhriyal et al. (1987) reported higher plant height, nodule biomass
and nitrogenase activity in A. lebbek seedlings compared with Acacia and Dalbergia.

Nitrogenase and nitrate reductase activities are estimates of N2 fixation and
assimilation efficiencies and have a direct bearing on the growth of plants. These
enzymes, together with macronutrients such as phosphorous, potassium and
nitrogen, play an important role in nitrogen metabolism. Not much work has been
done to delineate the relationships between these elements in the metabolism of
nitrogen. Therefore, an attempt was made in the present investigation to study the
status of these elements in various parts of A. lebbek seedlings of different sources in
relation to nitrogen fixation potential.

Materials and methods

Seven- to eight-month-old Albizia lebbek seedlings were collected in October and
November 1999 from the Forest Department nurseries, namely, forest divivisions
from Barkot and Lalpani in Dehra Dun, Kalsi in Chakrata, Kiratpur Sahib in
Roopnagar  (Punjab) and Lalkuan in Haldwani. Uniform sized seedlings
(~ 25.5 cm high) were selected from each location and kept for a period of one
year in a glass house under similar environmental conditions, following complete
randomized design, at the Forest Research Institute in Dehra Dun, India. The
morphological observations on the various growth parameters, namely, root length
(cm), shoot length (cm), collar diameter (mm), number of leaves and number of
nodules were recorded in the month of October 2000. Out of 20 selected plants,
four from each source were randomly taken for the study.
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For biomass estimation, the different plant parts, namely, leaves, stem, root and
nodules were separated and dried in the oven at 70 °C until constant weight was
achieved. Total nitrogen (%) in plant and soil samples were estimated using the
method described by Loomis and Shull (1937). Total phosphorus (%) and total
potassium (%) in plant samples were estimated using the method described by
Vogel (1961).

In-vivo nitrate reductase (NR) activity (n mole NO3
– reduced hour–1) was assayed

as described by Klepper et al. (1971) but with modification. Approximately 0.5 g
nodules from each plant were weighed into 30 ml culture tubes containing 6 ml of
infiltration medium at 3 °C. The infiltration medium was composed of 0.35 M KNO3

and 0.05 M phosphate buffer at pH 7.0. The tubes were evacuated using vacuum
pump for about 2 min with intermittent releases of vacuum until the nodules settled
down. The tubes were then incubated at 25 °C  for 1 hour. The reaction was stopped
by immersing the culture tubes in boiling water bath for 4 min. The nitrite (NO2

–)
produced was determined using methods described by Evans and Nason (1953).
Nitrogenase (N2ase) activity in the root nodules was determined using methods by
Hardy et al. (1968).

Percentage data were transformed to arc sine (Anderson & McLean 1974) and
remaining data were analysed without transformation. The technique of analysis
of variance (ANOVA) was utilized to test the significant effect of treatments (source
of seedlings) on each variable measured.

Results

The seedlings collected from different sources exhibited significant variations in shoot
length, number of leaves and number of nodules produced per plant (Table 1).
However, the differences among root length and collar diameter were not significant.
Highest shoot length was recorded in seedlings collected from Lalpani. Kalsi seedlings
had the lowest shoot length and collar diameter, but the highest number of nodules.
Barkot had the lowest number of leaves and nodules per seedling.

Highest leaf dry weight was observed in Kiratpur Sahib source but for stem and
nodule, Lalpani. It is interesting to note that the means for dry weights of leaves,
stem, root, nodule and total weight of seedlings were lowest in the seedlings collected
from Kalsi which exhibited the highest number of nodules.

Highest and lowest N contents in leaf, stem and root were recorded in Kalsi and
Kiratpur Sahib sources respectively (Table 2). In nodules, the highest and the lowest
N values were found in Lalpani and Barkot sources respectively. Kiratpur Sahib
seedling showed the lowest values of P contents in leaves, stem, root and nodules.
The highest P contents  in leaves and stem were estimated in Kalsi seedlings. The
highest percentages of  K in leaves and stem were in Kalsi and Kiratpur Sahib
seedlings respectively. Lalkuan seedling exhibited the highest K contents in root
and nodules. The lowest K contents in leaves and stem were recorded in Barkot
seedling while in root and nodules, in Lalpani and Kiratpur Sahib sources
respectively. Highest soil N content was in Lalkuan and the lowest, in Kiratpur
Sahib seedlings.
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Total nodular NR and N2ase activities did not differ significantly among seedlings
of five different sources. However, the specific ativities (per g fresh weight) of both
enzymes showed significant differences. The specific nodular NR activity was highest
in Kalsi source followed by Lalkuan and Lalpani (Figure 1). The Kalsi and Barkot
seedlings exhibited the lowest and the highest specific N2ase activities respectively
(Figure 2). The trend for total N content per seedling was similar with the specific
N2ase activity. Total P content per seedling was highest in Barkot followed by Lalpani
seedling. The seedlings collected from Kiratpur Sahib exhibited highest total K
and lowest total P contents (Figure 3).
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Figure 1     Changes in in-vivo nodular NR-activity of Albizia lebbek seedlings
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Figure 2     Changes in nitrogenase activity of Albizia lebbek seedlings
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Discussion

Albizia lebbek seedlings collected from five different sources behaved differently
although they were initially of almost uniform size and age and were acclimatized
under similar environmental conditions for one year. This may be attributed to
the prevailing edaphic conditions, i.e. soil types and existing microflora in the
rhizosphere as well as the origin of seed sources/genotypes from where seedlings
were collected. The genotype, status of nutrients especially N and P and population
of effective nodulating rhizobia influence the extent of nodulation and nitrogen
fixation. Almost similar findings have been reported by Pande et al. (1999) in
Dalbergia sissoo. Inadequate rhizobial population limits the efficacy of nitrogen
fixation in many tropical soils (Singleton et al. 1992). Rhizobial strains have been
reported to influence shoot biomass and N content significantly (Somasegaran et
al. 1990). In the present investigation the seedlings from Barkot performed the
best in terms of biomass production and the rest of the growth parameters studied,
except for numbers of leaves and nodules per plant, which were lowest in this
source. The seedlings from Kalsi performed the poorest in terms of total biomass
production but had the highest number of nodules. These results are contradictory
to those reported by Singh and Pokhriyal (2002) who related poor growth with
poor nodulation in seedlings.

Kalsi seedling exhibited the highest nodular NR activity and the lowest N2ase
activity. On the other hand, Barkot seedling with lowest NR activity in nodules
exhibited the highest N2ase activity. Pokhriyal et al. (1991) reported that D. sissoo
complemented their N2ase activity with nodular NR activity in order to meet its
persistent nitrogen requirement from soil as well as atmosphere. The seedlings
from Kalsi, with greatest number of nodules per plant, had the lowest N2ase activity.
Soil N, especially nitrate, has an inhibitory effect on the nodulation and nitrogen
fixation of legume-rhizobium symbiosis (Gibson & Jordan 1983). However, no such
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                    Albizia lebbek seedlings
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correlation was observed in our study. Probably, the soil N contents were well below
the threshold level.

A close correlation has been reported among shoot and nodule dry weight,
shoot N content and total N2ase activity (Somasegaran et al. 1990). Nitrogenase
activity has also been correlated with height, and aboveground dry biomass and
plant growth rate (e.g. Miettinen 1989, Singh & Pokhriyal 2002). Just as N and P, K
also plays an important role in nitrogen metabolism. P is required during nitrogen
fixation and assimilation. K, on the other hand, helps in the uptake of NO3

– from
soil and also in the synthesis and activation of NR. In this study, seedlings from
Kiratpur Sahib, which showed average growth and biomass parameters, had the
lowest N and P contents in leaf, stem and root. Nodular P and K contents were also
the lowest in this source.  The seedlings of Kalsi source, on the other hand, exhibited
higher N and P contents in leaf, stem, root and nodule. However, the total N, P
and K contents were low in these seedlings, which reflect their poor response in
terms of growth. The highest value of total N content per seedling in Barkot source
may be attributed to its highest N2ase activity. Total N content of  seedlings in the
rest of the sources showed similar patterns. Future work of this study should focus
on the role of these macronutrients in N metabolism. Strain isolation from
rhizospheric microflora and inoculation and N fixation studies are also other aspects
to be looked into. These studies with relation to growth and development will
throw light on the various aspects of nitrogen metabolism in plants.
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