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Nodulation responses of leguminous trees are very important for intercropping to reduce reliance on artificial nitrogen input
through nitrogen fixation in agroforestry system. This study was carried out to evaluate the status of nodulation (i.e., the number of
nodules and their shape and size) in root and biomass production of plant growth parameters (i.e., number of leaves, shoot height,
root biomass, and shoot biomass) of A. auriculiformis seedlings. The assessment was conducted 60 days after seed germination.
The study revealed significant differences in nodule number per seedling, leaf number per seedling, shoot height, and biomass
accumulation (both green and oven dry weight) with seedling age (𝑝 < 0.05). The study also revealed significant correlation among
the variables of nodulation responses and biomass production. The results obtained using principal component analysis (PCA)
justified correlation matrix of nodulation responses and biomass production of this species. The PCA showed that root biomass
per seedling, leaf number per seedling, nodule number per seedling, shoot height, age of seedling, and shoot biomass per seedling
were clustered with PC1 (with an eigenvalue of 5.59) and root shoot ratios were clustered with PC2 (with an eigenvalue of 1.82). Our
study justified that shoot height may be an important determinant of nodule formation of A. auriculiformis.

1. Introduction
In tropical countries, leguminous tree species are considered prospective agroforestry components not only for soil
enrichment, fuel, and forage [1] but also for a fundamental
food supplier for tropical livestock [2]. Leguminous trees are
extensively used for intercropping to reduce dependency on
artificial N2 input through growing symbiotic nitrogen fixation as sustainable agroforestry system both in the tropics and
in temperate regions [3–8]. This system provides significant
benefits to increase land use competency [9] and for harmonizing diet with legumes, the prime protein (energy) source
for wild animals, livestock, and also for human beings [10].
Nitrogen fixing trees play an important role in establishment
and improvement of N2 deficit soil. That is why nitrogen fixing trees are considered as perfect species for agroforestry and
reforestation of degraded land [11, 12]. Leguminous trees used
in agroforestry transfer nitrogen to the associate agricultural

crops and stimulate their growth [6, 8, 13–16]. Symbiotic
relationship between agricultural crops and leguminous trees
in agroforestry systems mainly concentrates on N2 fixation,
attainment, and transformation [4]. The present situation of
forests in Bangladesh is incapable of fulfilling the needs and
aspirations of people for forest products because of over population and exploitation and intensive land use changes and
maybe because of climate change. Bangladesh government is
concerned about overcoming this dilemma in restoring forest
lands and has given priority for growing trees on farms and
homesteads. Government’s as well as private sector’s initiatives in tree plantation programmes have achieved momentum throughout the country, especially on degraded fallow
lands, agroforestry, and homesteads [17]. Farmers’ choice for
species selection of agroforestry and homesteads cultivation
should be encouraged [18–20]. Acacia auriculiformis is widely
grown in agroforestry, roadside plantation, and home garden
in Bangladesh. A. auriculiformis is a member of Fabaceae
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family, which is a multipurpose, leguminous tree species
widely distributed in many tropical countries of South and
Southeast Asia, Latin America, and Africa [21]. It is an
attractive fast growing tree species [22, 23], planted for fuel
wood production, nitrogen fixation, and erosion control [24].
It is also planted as shade bearer, ornamental, sources of
tannin, and pulp producing plant in the world [24]. For its
nitrogen fixing ability, rapid growth, and tolerance of infertile
soil, it is considered as a useful species for rehabilitation of
fallow lands [17, 25]. The environmental and soil condition of
the country improve through plantation of this species. Huda
et al. [26] and Uddin et al. [27] studied the effects of NPK fertilizers on nodule formation of some agroforestry species in
Bangladesh. Azad et al. [20] conducted nodulation responses
and biomass production of L. leucocephala and A. saman.
However, information on the response of nodulation and
biomass production of A. auriculiformis is not available. Thus,
we made an endeavor to investigate nodulation responses and
biomass production in relation to age of A. auriculiformis at
the nursery stage. The objectives of this study are as follows:
(i) to explore the differences in nodule formation and biomass
production in relation to age and (ii) to determine the practical relationship between the variables of nodule formation
and biomass production at early stage of A. auriculiformis.

2. Materials and Methods
2.1. Study Area. The study was conducted at Khulna University, Bangladesh. Seed germination and seedling establishment were done at the nursery of Forestry and Wood
Technology Discipline, Khulna University, Bangladesh, and
nodule assessment and biomass measurement were carried
out at Forestry and Wood Technology lab, Khulna University,
Bangladesh, which is located about 4 m above sea level. The
geographic position of the study area is between 22.802∘ N
latitude and 89.533∘ E longitude. The climate of this area is
recognized as subtropical in nature, very much similar to the
other regions of the country particularly in winter, summer,
and monsoon. Winter starts in November and ends in February, summer starts in March and continues up to mid-June,
and the remaining period is occupied by monsoon the distinguishing season. The temperature variation in winter is very
low (7 to 12∘ C) but it rises from 25 to 32∘ C in summer. Occasionally it increases up to 40∘ C [28]. Average air temperature
recorded was 21–34∘ C and the relative humidity was 69–86%
during the experimental period.
2.2. Plant Material and Design of Experiment. Seeds were
collected directly from roadside plantation and private woodlot and then dried under the sun for three days to reduced
moisture content. The collected seeds were then separated
from the pods and only healthy seeds were used for germination. Each seed was placed in one poly bag (10 cm × 15 cm).
The seeds were treated with hot water (80∘ C for 10 min) [18]
prior to putting the seeds in poly bags. A mixture of cow
dung, TSP, and forest soil (2 : 1 : 3) was used as germination
media [20]. Urea fertilizer was used 25–30 days after seed
germination. Ripcord solution and tuin powder were applied
together to prevent the seedlings from insect attack. Watering
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and weeding were done when necessary. Eight hundred and
forty seedlings were used for the experiment. Nodulation
assessment was started 60 days after seed germination and
continued monthly for the next six months. Every month
twenty-five seedlings were randomly selected for nodulation
assessment and biomass study. The poly bags were removed
from the selected seedlings and submersed under water for
2 h to loosen the soil which made it simple to eliminate
the soil from the seedlings’ root and helped to maintain the
nodules undamaged. The root of the selected seedlings was
washed out carefully with clean water to confirm that no
mud was attached to root system. The root and shoot of
each seedling were separated by using a sharp knife. The
shape, size, numbers of nodules, numbers of leaves, and
height of shoot (cm) were recorded for the assessment of
nodulation responses. The green and oven dry weight (g) of
root and shoot were measured for the assessment of biomass
production. The forms and color of the nodules were also recognized and recorded. Nodule and leaf number were counted
manually. Electronic digital caliper (accuracy ± 0.02 mm) was
used for measuring nodule size. Shoot height was measured
by using a centimeter scale. An electronic balance was used
for measuring of green and oven dry weight of root and shoot
of the seedlings. The root and shoot were placed separately in
an oven at 80∘ C for 24 h to take first measurement of oven dry
weight. Data were recorded every one-hour interval after the
first measurement until maintaining constant weight.
2.3. Data Processing and Analysis. The collected data were
standardized to get standard 𝑍 score to ensure that different
variables with different units are compared. The following
equation was used for data standardization:
𝑍=

𝑋−𝑋
,
𝑆

(1)

where 𝑋 is the sample mean, 𝑆 is standard deviation, and 𝑍 is
the distance between the raw values and the population mean.
𝑍 score can be positive or negative. Negative value means
values below the mean value and positive indicates being
above the mean values. The standardized data were analyzed
by using Microsoft Excel 2007, Statistica (version 10), and
PAST [29] software. One-way analysis of variance (ANOVA)
was conducted to identify the difference in nodule formation
with seedling age. Analysis of variance was also carried out
to identify significant difference in leaf number, shoot height,
root biomass, shoot biomass, and root shoot ratio (both green
and oven dry weight) with seedling age. The Mann-Whitney
test was also conducted to identify significant difference
between root biomass and shoot biomass of seedlings. The
relationships between the variables of nodulation responses
and biomass production were established through correlation
coefficients (𝑟) to specify the strength and direction of
relationship between variables. Principal component analysis
(PCA) was conducted to find out important correlated
components of underlying variables of nodulation responses
and biomass production of A. auriculiformis seedlings.
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Table 1: General characteristic of nodules of A. auriculiformis seedlings.

Age (days)
60
90
120
150
180

Diameter (mm)
2.7–4.5
3.8–4.5
6.9–9.5
7.7–13.3
5.7–19.3

Form
Single and aggregate
Single and aggregate
Single and aggregate
Single and aggregate
Single and aggregate

Shape
Elongated
Elongated
Elongated
Elongated
Elongated

Color
Whitish
Whitish
Whitish
Whitish
Whitish

Table 2: Summary of nodulation responses of different particulars of A. auriculiformis with age. Data shows mean values ± SE. The same
letter in the same row indicates no significant differences.
Particulars
NN
LN
R/S (gr)
R/S (od)
RBM
SBM
Height

60 days
8.8 ± 1.96c
14 ± 2.78d
0.156 ± 0.013c
0.29 ± 0.02c
0.32 ± 0.11d
1.09 ± 0.16e
21.2 ± 1.02d

90 days
9.4 ± 2.32c
35.6 ± 7.4bc
0.318 ± 0.045ab
0.20 ± 0.06ab
1.29 ± 0.32c
6.6 ± 0.49d
24.2 ± 3.92c

120 days
31.1 ± 2.6b
38.2 ± 2.6c
0.36 ± 0.04a
0.22 ± 0.04a
2.68 ± 0.11c
12.3 ± 1.15c
26.9 ± 2.55bc

150 days
34.6 ± 2.8ab
46.4 ± 5.16ab
0.25 ± 0.02bc
0.35 ± 0.01c
5.88 ± 0.58b
16.6 ± 1.01b
27.8 ± 2.65ab

180 days
44.4 ± 3.78a
59.8 ± 4.36a
0.27 ± 0.03ab
0.37 ± 0.02bc
8.2 ± 0.61a
22.4 ± 1.9a
36 ± 3.74a

𝑝 value
0.000
0.000
0.003
0.001
0.001
0.003
0.000

Note: NN: nodule number per seedling, LN: leaf number per seedling, R/S (gr): root shoot ratio of green weight, R/S (od): root shoot ratio of oven dry weight,
RBM: root biomass per seedling, and SBM: shoot biomass per seedling.

Table 3: Matrix of correlation coefficients (𝑟) of different variables of nodulation responses and biomass production of A. auriculiformis
seedlings.

Age
NN
LN
SH
RBM
SBM
R/S (gr)
R/S (od)

Age
1
0.96∗∗
0.94∗
0.95∗
0.98∗∗
0.99∗∗
0.31
0.62

NN

LN

SH

RBM

SBM

R/S (gr)

R/S (od)

1
0.81
0.90∗
0.93∗
0.96∗∗
0.32
0.54

1
0.92∗
0.94∗
0.94∗
0.32
0.54

1
0.94∗
0.95∗
0.28
0.57

1
0.97∗∗
0.12
0.76

1
0.34
0.59

1
−0.54

1

Note: NN: nodule number per seedling, LN: leaf number per seedling, SH: shoot height, RBM: root biomass per seedling, SBM: shoot biomass per seedling,
R/S (gr): root shoot ratio of green weight, and R/S (od): root shoot ratio of oven dry weight. ∗ indicates statistical significance at 𝑝 < 0.05 and ∗∗ indicates
significance at 𝑝 < 0.01.

3. Results
3.1. Nodule Formation. The seedlings of A. auriculiformis
possessed nodules in both single and aggregate forms
(Table 1). The shape and color of the nodules were elongate
and whitish, respectively. The study that revealed number of
nodules per seedling increased with age (Table 2). The rate
of increase in nodule number was relatively slow up to 90
days; then it increased tremendously for the next 30 days and
maintained a steady rate for another 30 days and increased
again sharply from 150th day to 180th day. One-way analysis
of variance (ANOVA) showed significant difference (𝑝 <
0.001) in nodule number per seedling with increasing age
(Table 2).
3.2. Seedling Growth. The study disclosed very fast seedling
growth (height growth) at nursery stages. Height growth was

significantly (𝑝 < 0.001) increased with age of the seedlings.
The study also disclosed significant increase in number of
leaves per seedling (𝑝 < 0.001) with age (Table 2).
3.3. Biomass Production. The study revealed significant difference (𝑝 < 0.001) in root and shoot biomass with increasing
seedling age. The Mann-Whitney test also revealed significant
difference (𝑝 < 0.01) between shoot biomass and root
biomass (results not shown). Our results also disclosed significant difference in root shoot ratio (both oven dry and green
weight) with age.
3.4. Relationship between Different Variables of Nodule
Formation and Biomass Production. There was a strong
positive relationship between the variables of nodulation
responses and biomass production (Table 3). The number
of nodules increased very slowly up to 90 days and then
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Figure 1: Principal component ordination of nodulation responses and biomass production of A. auriculiformis. The horizontal axis of the
ordination plot shows the first principal component (PC1) with an eigenvalue of 5.59, explaining 69.9% of total variation in nodule formation
and biomass production; the vertical axis shows the second principal component (PC2) with an eigenvalue of 1.82, explaining 22.9% of total
variation of nodule formation and biomass production.

increased sharply (Table 2). The correlation matrix (Table 3)
revealed significant positive correlation in nodule number
per seedling, leaf number per seedling, shoot height, root
biomass, and shoot biomass with age of the seedlings. The
correlation matrix also revealed significant positive relationship of shoot height, root biomass, and shoot biomass
with nodule number and leaf number per seedling. Shoot
height also showed significantly positive correlation with
root biomass and shoot biomass. Root biomass also showed
significant correlation with shoot biomass.
Principal component analysis (PCA) of nodule formation
and biomass production explained 69.9 and 22.9% of variance
with PC1 and PC2, respectively, with a big difference in
eigenvalues between PC1 (5.59) and PC2 (1.82). Root biomass
per seedling, number of leaves per seedling, nodule number
per seedling, height and age of the seedling, and shoot
biomass per seedling were clustered together (Figure 1) with
PC1 indicating close relationship between the variables which
was reflected in correlation matrix (Table 3). On the other
hand, root shoot ratio (both oven dry and green weight)
was completely separated from other variables and clustered

together with PC2 (Figure 1) which was also justified with
correlation matrix (Table 3).

4. Discussion
Seedlings of different fast growing tree species of agroforestry
component possess nodules in different shapes and forms.
The external shape of nodules changes during the growth
period of the seedlings. Azad et al. [20] documented both
single and aggregate form of nodules in A. saman and L. leucocephala. This study investigated whitish elongated form of
nodules in Acacia auriculiformis seedlings. A. auriculiformis
possess more aggregate form of nodules in six-month-old
seedlings. Azad et al. [20] found more aggregated nodules
in A. saman than in L. leucocephala. Khan et al. [30] also
found single and aggregated form of nodules of A. saman
and L. leucocephala three months after planting the seedlings.
Qadri and Mahmood [31] found single nodules and cluster
of nodules on main and lateral roots in S. saman. They
opined that bacteria entered into root system via root hair and
formed infected thread. Azad et al. [20] reported that young
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Figure 2: A comparative analysis with other studies of nodule formation with seedling age at early stages. Vertical bar indicates mean values
± SE.

nodules of A. saman were spherical in shape whereas old-age
nodules were elongated. Aggregation of nodules increased
gradually over time in early stage of seedling growth in
some leguminous tree species [20]. Bacteria may invade
more intensively over time and, thereby, colonize nodules
in the root system. Age of the seedlings influences nodule
formation, nodule biomass, and seedlings growth at early
stages. Mrema et al. [32] and Azad et al. [20] found very much
similar fashion of nodulation responses of L. leucocephala but
they possess greater number of nodules and better seedling
growth (seedlings height) than A. auriculiformis (Figures
2 and 3), considering nodule biomass of A. auriculiformis
responded in between L. leucocephala and A. saman (Figures
2 and 3). Mrema et al. [32] documented the highest nitrogen
activity in mature nodules and mature nodules contained a
greater number of bacteroids compared to juvenile nodules
of L. leucocephala. Azad et al. [20] also found higher nodule
growth (number of nodules, nodule biomass) of A. saman
and L. leucocephala in six-month-old seedlings (Figures 2 and
3). Nodule formation of A. auriculiformis exhibited significant (𝑝 < 0.01) correlation with age of the seedlings. Nodule
number increased very slowly up to three months and then
increased sharply and kept steady for another three months
which indicates root development took place at the first few
months and thereby developed nodules in the root system.
Azad et al. [20] carried out a similar study on nodulation
responses and biomass production of L. leucocephala and
A. saman and found similar correlation between nodule
number and age of the seedlings which indicates that age of
seedlings is a determinant of nodule formation. Our results
also revealed significant correlation between nodule number
and shoot height (seedling growth) (𝑝 < 0.05), nodule

number and root biomass (𝑝 < 0.05), and nodule number
and shoot biomass (𝑝 < 0.01) (Table 3) which also indicate
that shoot height, root biomass, and shoot biomass are also
the determinants of nodule formation.
PCA demonstrates separate groupings of nodulation
and biomass characteristics. PCA provides an illustration of
relationships between the characteristics that are the most
important key in defining the variables. Root biomass per
seedling, leaf number per seedling, nodule number per
seedling, height of seedlings, age of seedlings, and shoot
biomass per seedling were clustered with PC1 (Figure 1), and
thus correlation matrix is justified with PCA.
Azad et al. [20] also explained that age of seedlings, shoot
height, leaf number, root biomass, and shoot biomass were
the determinants of nodule formation of L. leucocephala and
A. saman seedling at early stages. Among the determinants
of nodule formation, shoot height was always bigger in L.
leucocephala and A. saman seedlings compared to those
of A. auriculiformis (Figure 3). At the same time nodule
number of L. leucocephala and A. saman was also higher
compared to A. auriculiformis (Figure 2) indicating that shoot
height is a distinguishing determinant of nodule formation
of those species. Nygren and Cruz [33] recommended that
aboveground biomass influences nodule formation of leguminous tree species. Nygren and Ramı́rez [34] also documented production and turnover of nitrogen fixing nodules
in comparison to foliage growth of Erythrina poeppigiana
(Leguminosae) trees. Datta and Das [35] experimented to
evaluate nodulation and its effects on biomass of a number
of agroforestry leguminous tree species and documented
a positive correlation between nodule biomass and shoot
biomass. Robson et al. [36] and Jakobsen [37] also noticed
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Figure 3: Comparisons of seedling growth and biomass production in relation to seedling age with other studies: (a) number of leaves per
seedling, (b) shoot height (cm), (c) root biomass per seedling (g), and (d) shoot biomass per seedling (g).

a relationship between the nodule number and shoot growth
of leguminous tree species.

5. Conclusions
Nodulation responses and biomass accumulation in root and
shoot of the seedlings may depend on a variety of factors,
such as fertilizer input from outside, water uses, and other

external factors. It can be species oriented but from our
study we can conclude that nodule formation in general
increases with seedling age at the early stages of development
of agroforestry species, such as A. auriculiformis. From this
study, we can also infer that different variables of nodule
formation and biomass production (root biomass and shoot
biomass) are correlated with each other but shoot height can
be an important indicator for nodule formation.

Journal of Botany

7

Competing Interests
The authors declared no conflict of interests concerning the
publication of this paper.

[11]

Authors’ Contributions

[12]

Experimental design, paper writing, and comprehensive data
analysis were done by Md. Salim Azad. A partial data analysis
and data collection was done by Md. Mehedi Hasan Sumon.

Acknowledgments
The authors acknowledge the Forestry and Wood Technology (FWT) Discipline of Khulna University for providing
logistics support during the experiment. They thank the
support staff of the nursery and lab of FWT Discipline, for
providing assistance and cooperation during the experiment.
The authors also acknowledge the owners of home gardens
for their contribution and support through providing the
seeds for the experiment.

References
[1] J. L. Brewbaker, “Leucaena: a multipurpose tree genus for tropical agroforestry,” in Agroforestry: A Decade of Development, H.
A. Steppler and P. K. R. Nair, Eds., pp. 289–323, ICRAF (International Council for Research in Agroforestry), Nairobi, Kenya,
1987.
[2] FAO, FAO Production Yearbook, FAO, Rome, Italy, 1985.
[3] C. A. Francis, “Biological efficiencies in multiple-cropping
systems,” Advances in Agronomy, vol. 42, pp. 1–42, 1989.
[4] M. B. Peoples, R. M. Boddey, and D. F. Herridge, “Quantification
of nitrogen fixation,” in Nitrogen Fixation at the Millennium, G.
J. Leigh, Ed., pp. 357–389, Elsevier, Brighton, UK, 2002.
[5] H. Hauggaard-Nielsen, P. Ambus, and E. S. Jensen, “The
comparison of nitrogen use and leaching in sole cropped versus
intercropped pea and barley,” Nutrient Cycling in Agroecosystems, vol. 65, no. 3, pp. 289–300, 2003.
[6] G. Corre-Hellou, J. Fustec, and Y. Crozat, “Interspecific competition for soil N and its interaction with N2 fixation, leaf
expansion and crop growth in pea-barley intercrops,” Plant and
Soil, vol. 282, no. 1-2, pp. 195–208, 2006.
[7] J. J. Adu-Gyamfi, F. A. Myaka, W. D. Sakala, R. Odgaard, J. M.
Vesterager, and H. Høgh-Jensen, “Biological nitrogen fixation
and nitrogen and phosphorus budgets in farmer-managed
intercrops of maize-pigeonpea in semi-arid southern and eastern Africa,” Plant and Soil, vol. 295, no. 1-2, pp. 127–136, 2007.
[8] A. Neumann, K. Schmidtke, and R. Rauber, “Effects of crop
density and tillage system on grain yield and N uptake from
soil and atmosphere of sole and intercropped pea and oat,” Field
Crops Research, vol. 100, no. 2-3, pp. 285–293, 2007.
[9] P. Cruz, N. M. Munier-Jolain, R. Tournebize, and H. Sinoquet,
“Growth and mineral nutrition of in a Dichanthium aristatum
sward shaded by trees,” in Proceedings of the 17th International
Grassland Congress, pp. 2056–2057, Rockhampton, Australia,
1993.
[10] J. W. Smith, A. Larbi, M. A. Jabbar, and J. Akinlade, “Voluntary
intake by sheep and goats of Gliricidia sepium fed in three states
and at three levels of supplementation to a basal diet of Panicum

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

[27]

maximum,” Agroforestry Systems, vol. 32, no. 3, pp. 287–295,
1995.
K. G. MacDicken, Selection and Management of Nitrogen Fixing
Trees, Winrock International Institute for Agricultural Development, Morrilton, Ark, USA; UNFAO, Bangkok, Thailand, 1994.
M. S. Rahman, M. A. U. Mridha, and S. M. S. Huda, “Effect of
fertilizers on nodulation and growth of Samanea saman Merr.
in presence of arbuscular mycorrhizal fungi at nursery level,” in
Symbiotic Nitrogen Fixation: Prospects for Enhanced Application
in Tropical Agriculture, R. Serraj, Ed., pp. 327–333, Oxford and
IBH Publishing, New Delhi, India, 2004.
D. H. Boucher and J. Espinosa, “Cropping system and growth
and nodulation responses of beans to nitrogen in Tabasco,
Mexico,” Trop Agric Trinidad, vol. 59, pp. 279–282, 1982.
M. R. Rao, T. J. Rego, and R. W. Willey, “Response of cereals
to nitrogen in sole cropping and intercropping with different
legumes,” Plant and Soil, vol. 101, no. 2, pp. 167–177, 1987.
W. R. Stern, “Nitrogen fixation and transfer in intercrop
systems,” Field Crops Research, vol. 34, no. 3-4, pp. 335–356,
1993.
E. S. Jensen, “Grain yield, symbiotic N2 fixation and interspecific
competition for inorganic N in pea-barley intercrops,” Plant and
Soil, vol. 182, no. 1, pp. 25–38, 1996.
M. A. Latif, S. A. Khan, and M. K. Bhuiyan, “Prospects of Acacia
mangium for afforestation in Bangladesh,” Pakistan Journal of
Forestry, vol. 35, no. 1, pp. 7–12, 1985.
M. S. Azad, M. R. Manik, M. S. Hasan, and M. A. Matin,
“Effect of different pre-sowing treatments on seed germination
percentage and growth performance of Acacia auriculiformis,”
Journal of Forestry Research, vol. 22, no. 2, pp. 183–188, 2011.
M. S. Azad, R. K. Biswas, and M. A. Matin, “Seed germination
of Albizia procera (Roxb.) Benth. in Bangladesh: a basis for
seed source variation and pre-sowing treatment effect,” Forestry
Studies in China, vol. 14, no. 2, pp. 124–130, 2012.
M. S. Azad, S. Mondol, and M. A. Matin, “Functional relationships of nodulation response and biomass production at
nursery stages of two fast-growing, leguminousmultipurpose
tree species in Bangladesh: Albizia saman and Leucaena leucocephala,” Forest Science and Practice, vol. 15, no. 4, pp. 274–285,
2013.
D. K. Das and M. K. Alam, Trees of Bangladesh, The Art Press,
Chittagong, Bangladesh, 2001.
J. A. Duke, Handbook of Legumes of World Economic Importance, Plenum Press, New York, NY, USA, 1981.
S. Das, “Nursery and plantation technique for Acacia auriculiformis,” Bulletin-Bangladesh Forest Research Institute, no. 7, p. 33,
1986.
NAS, Fire Wood Crops: Shrub and Tree Species for Energy
Production, National Academy of Sciences, Washington, DC,
USA, 1979.
M. K. Hossain, S. A. Islam, M. Zashimuddin, M. A. Tarafdar,
and Q. N. Islam, “Growth and biomass production of some
Acacia and Eucalyptus species in degenerated sal forest areas of
Bangladesh,” The Indian Forester, vol. 123, no. 3, pp. 211–217, 1997.
S. M. S. Huda, M. Sujauddin, S. Shafinat, and M. S. Uddin,
“Effects of phosphorus and potassium addition on growth and
nodulation of Dalbergia sissoo in the nursery,” Journal of Forestry
Research, vol. 18, no. 4, pp. 279–282, 2007.
M. B. Uddin, S. A. Mukul, M. A. S. A. Khan, and M. K.
Hossain, “Seedling response of three agroforestry tree species
to phosphorous fertilizer application in Bangladesh: growth and

8

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Journal of Botany
nodulation capabilities,” Journal of Forestry Research, vol. 20, no.
1, pp. 45–48, 2009.
BBS, Bangladesh Population Census, Zilla Series, Bangladesh
Bureau of Statistics, Statistics Division, Ministry of Planning,
Government of Bangladesh, Khulna, Bangladesh, 2001.
Ø. Hammer, D. A. T. Harper, and P. D. Ryan, “Past: Paleontological statistics software package for education and data analysis,”
Palaeontologia Electronica, vol. 4, no. 1, pp. 1–9, 2001.
B. M. Khan, M. A. Hossain, M. M. Hossain, and M. K. Hossain,
“Performance of eleven multipurpose tree legume seedlings
grown in the hill soils under nursery conditions in Bangladesh,”
International Journal of Agricultural and Biological Engineering,
vol. 6, no. 2, pp. 346–349, 2004.
R. Qadri and A. Mahmood, “Presence of rhizobia in the xylary
elements of root nodules in Samanea saman (Jacq.) Merr.,”
Pakistan Journal of Botany, vol. 35, no. 5, pp. 819–823, 2003.
A. F. Mrema, U. Granhall, and L. Sennerby-Forsse, “Plant
growth, leaf water potential, nitrogenase activity and nodule
anatomy in Leucaena leucocephala as affected by water stress
and nitrogen availability,” Trees, vol. 12, no. 1, pp. 42–48, 1997.
P. Nygren and P. Cruz, “Biomass allocation and nodulation of
Gliricidia sepium under two cut-and-carry forage production
regimes,” Agroforestry Systems, vol. 41, no. 3, pp. 277–292, 1998.
P. Nygren and C. Ramı́rez, “Production and turnover of N2
fixing nodules in relation to foliage development in periodically
pruned Erythrina poeppigiana (Leguminosae) trees,” Forest
Ecology and Management, vol. 73, no. 1–3, pp. 59–73, 1995.
A. Datta and P. K. Das, “Evaluation of nodulation and its
impact on biomass in some agroforestry tree species,” Range
Management and Agroforestry, vol. 8, no. 1, pp. 91–97, 1997.
A. D. Robson, G. W. O’Hara, and L. K. Abbott, “Involvement
of phosphorus in nitrogen fixation by subterranean clover (Trifolium subterraneum L.),” Australian Journal of Plant Physiology,
vol. 8, no. 5, pp. 427–436, 1981.
I. Jakobsen, “The role of phosphorus in nitrogen fixation by
young pea plants (Pisum sativum),” Physiologia Plantarum, vol.
64, no. 2, pp. 190–196, 1985.

International Journal of

Peptides

BioMed
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Virolog y
Hindawi Publishing Corporation
http://www.hindawi.com

International Journal of

Genomics

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Nucleic Acids

Zoology

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Submit your manuscripts at
http://www.hindawi.com
The Scientific
World Journal

Journal of

Signal Transduction
Hindawi Publishing Corporation
http://www.hindawi.com

Genetics
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Anatomy
Research International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Enzyme
Research

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Biochemistry
Research International

International Journal of

Microbiology
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

International Journal of

Evolutionary Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Molecular Biology
International
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Advances in

Bioinformatics
Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

Journal of

Marine Biology
Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014

