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SINGH, N. & POKHRIYAL, T. C. 2002. Nitrogen fixation and nodulation behaviour
in relation to seed source variations in Dalbergia sissoo seedlings. Nitrogen fixing
abilities of six Dalbergia sissoo seed sources, namely, Sibsagar (Assam), Tulsipur-Gonda,
Chiriyapur, Hissar (Haryana), Simblewala (Jammu and Kashmir) and Kankai
(Nepal), from the entire distribution range of this species in India and Nepal were
studied at the Forest Research Institute, Dehra Dun (32° 20’ 40"’ N latitude, 77° 52’
12" longitude), India from 1997 to 1999. Significant differences in nodulation behaviour,
nitrogenase activity and soil nitrogen accretion were observed between different
seed sources. Maximum nodule biomass and nitrogen fixation were recorded in
Gonda seed source followed by Nepal, Chiriyapur, Jammu, Hissar and minimum in
Assam. A positive correlation was noticed between nodule number and its biomass
with nitrogen fixation ability. The differences were discernible and pronounced only
during the second year of growth. These are important to exploit the genetic
variability among different seed sources of D. sissoo in amelioration of degraded sites.
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SINGH, N. & POKHRIYAL, T. C. 2002. Kaitan pengikatan nitrogen dan tingkah laku
penodulan dengan perubahan sumber biji benih anak benih Dalbergia sissoo. Keupayaan
pengikatan nitrogen enam sumber biji benih Dalbergia sissoo iaitu Sibsagar (Assam),
Tulsipur-Gonda, Chiriyapur, Hissar (Haryana), Simblewala (Jammu dan Kashmir)
dan Kankai (Nepal), daripada keseluruhan julat taburan spesies di India dan Nepal,
dikaji di Institut Penyelidikan Perhutanan, Dehra Dun, India (latitud 32° 20’ 407,
longitud 77° 52’ 12" ) dari tahun 1997 hingga 1999. Perbezaan bererti dalam tingkah
laku penodulan, aktiviti nitrogenase dan pengakretan nitrogen tanih dicerap di dalam
sumber biji benih yang berbeza. Biojisim nodul dan pengikatan nitrogen maksimum
dicatatkan dalam sumber biji benih Gonda, diikuti Nepal, Chiriyapur, Jammu dan
Hissar manakala sumber dari Assam adalah minimum. Terdapat korelasi positif
antara bilangan nodul dan biojisim dengan keupayaan pengikatan nitrogen.
Perbezaan dapat dilihat dengan jelas hanya pada tahun kedua pertumbuhannya.
Keputusan ini penting bagi mengeksploitasi variasi genetik dalam sumber biji benih
D. sissoo bagi pembaikan tapak ternyah gred.

*Author for correspondence. E-mail: pokhriyaltc@icfree.org



Journal of Tropical Forest Science 14(2): 198-206 (2002) 199

Introduction

The differences in the growth and development processes during succession have
taken a long time to evolve many types of mutations, which may have spontaneously
occurred in trees due to ecoclimatic conditions. Geographical variations influence
genetic and phenotypic expressions. The knowledge of genetic variation within
species is essential for developing effective tree improvement and breeding
strategies. Tree improvement programme starts with the scanning of available
variations in the distributional range of the species and delineation of
provenance/seed source capable of providing the best adaptable trees (Callaham
1964, Wright 1976, Suri 1984). Seed source studies are needed for the screening of
naturally available genetic variations to utilise the best material for obtaining
maximum productivity and further breeding work (Shiv & Banerjee 1986). The
most successful tree improvement programmes are those in which proper seed
source and provenance are used (Zobel & Talbert 1984 ).

Biological nitrogen fixation is a cheap, renewable source essential for the
sustainable productivity of afforested sites. Nodulation and nitrogen fixing activity
of trees are significantly influenced by climatic conditions (Gibson & Jordon 1983).
The amount of nitrogen fixed depends on the seasonal pattern of the nitrogenase
activity (Pizzelle 1984, Pokhriyal et al. 1990,1991, Chaukiyal ez al. 2000). Significant
differences in growth, nodulation and nitrogen fixation are observed between
clones of Casuarina equisetifolia (Sougoufara et al. 1987 ). Significant differences
are also reported in seedling growth and nitrogen fixing ability among different
provenances (Sanginga et al. 1990, Beniwal et al. 1995). Chaukiyal et al. (1999)
reported seasonal variation effects on the nodulation and nitrogen fixation behaviour
in eight Acacia species.

Dalbergia sissoo,a multipurpose tree crop, has been recognised for the production
of fuel wood, timber and forage in plantation programmes and agroforestry
systems in arid and semi-arid regions. Apart from its ability to fix atmospheric
nitrogen, this species is able to release a considerable amount of nitrogen rich
organic biomass which decomposes quickly and improves the nutrient status of
the soil. Selection of the higher nitrogen fixing provenances would therefore
greatly increase the usefulness of D. sissoo in plantation programmes, particularly
on degraded wastelands. However, not much studies have been conducted in this
aspect. Therefore, in the present study an attempt has been made to investigate
the differences in the nitrogen fixation behaviour of D. sissoo seedlings raised from
different seed sources distributed over its natural distribution range.

Materials and methods

The experiment was conducted at the Botany Division, Forest Research Institute,
Dehra Dun (situated between 30° 20’ 40” N latitude, 77° 52’ 12” E longitude) from
1997 to 1999. Seeds were collected from six different sources (five from India and
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one from Nepal), covering almost the entire distributing range of D. sissoo, namely,
Sibsagar (Assam), Tulsipur-Gonda (Uttar Pradesh-East), Chiriyapur (Uttar Pradesh-
West), Hissar (Haryana), Simblewala (Jammu and Kashmir) and Kankai (Nepal).
Geographical details of each seed source are given in Table 1.

Table 1 Geographic location of Dalbergia sissoo seed sources

Seed source State/ Latitude Longitude Altitude Rainfall
country N (®) E (®) (m asl) mm/year’
Chiriyapur U.P.-West 29.60 76.40 454 1166.00
Kankai Nepal 27.30 85.20 121 1125.00
Hissar Haryana 28.90 76.60 178 567.00
Sibsagar Assam 27.00 94.60 97 2504.30
Simblewala J&K 32.30 74.80 324 978.00
Gonda (Tulsipur) U.P.-East 27.10 81.90 110 1294.00

J & K = Jammu and Kashmir
U.P. = Uttar Pradesh

Well-sieved soil mixture (soil, sand and farmyard manure in 2:1:1 ratio) weighing
5 kg was filled in each earthern pot (30-cm diameter). A total of 1000 pots were
prepared and numbered. Germinated seeds were transferred into the pots.
Seedlings were uprooted randomly at monthly intervals for visual observations
to record the nodule formation in different seed sources. The nodules were
separated with the help of regulated water pressure to minimise root damages.
Three replicates were taken for each treatment. Periodical observations on
nitrogenase activity and the amount of nitrogen fixed by individual plant raised
from different seed sources were determined at monthly intervals for the period
of two years by acetylene-ethylene reduction assay as described by Hardy et al.
(1968). Approximately, one gram nodules with 10% acetylene in rubber serum
stoppered vials were incubated at 30 °C for one hour in a shaking water bath.
The reduction of acetylene was measured by injecting 1 ml of gas mixture of
enzyme assay into a Porapack-N column (1.8 m in length, 3.12 OD and 80-100
mesh) of CIC gas chromatograph using nitrogen as the carrier gas. Ethylene
produced was quantified with reference to standard ethylene gas supplied by
EDT Research, England. The nitrogenase activity was expressed as umoles C,H,
reduced per gram and per plant per hour and nmols N fixed per plant per day
(Hardy et al. 1968).

Total reduced nitrogen was estimated in nodules and soil by the method of
Jackson (1967). Organic particle-free soil samples from six seed sources and
control (without plants) were collected at six monthly intervals for soil nitrogen
accretion analysis. The data collected were subjected to analysis of variance to
determine the contribution of each seed source. Two years pooled data were
used for two-way ANOVA to see the difference between sampling period and
treatment.
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Results

Overall, an increase in nodule number and biomass per plant was observed from
February to September. This was followed by a sharp decline during the winter
months in both years. Maximum nodule number and the biomass per plant were
recorded in Gonda seed source and minimum in Assam (Table 2). However, no
nodules were recorded in January and February in all the six seed sources and
the differences between nodule number per plant were only distinct in the
second year of this experiment. In September, maximum (2.44 g) nodule dry
weight per plant was recorded in seeds from Nepal and minimum (0.30 g) from
Assam (Figure 1). However, pooled analysis also exhibited significant differences
between different seed sources.
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Figure 1 Seasonal variation effects on nodule number and dry weight per plant
in Dalbergia sissoo seedlings raised from different seed sources

An increase in the nitrogenase activity was recorded from July to September
followed by a decline until February. A small peak was observed in April with the
emergence of new nodules in spring ( Figure 2). In general, nitrogenase activity
showed similar pattern in both years. Gonda seed source performed best and
Assam poorest. Differences in total nitrogenase activity were discernible only in
September and no activity was recorded in January and February.



Table 2 Statistical analysis of different characters recorded in Dalbergia sissoo seedlings raised from different seed sources

608

Character Source of Bar diagram of mean values C.D. Level of
variation significance
Nodule Seed
number  source HISSAR CHIRIYAPUR NEPAL GONDA
115.29 143.86 226.69 232.93 *Ax
Months May July April Mar.  Aug. Oct. June
93.10 14340 155.80 21290 229.40 254.20 279.40 *Ex
Nodule Seed
dry source JAMMU CHIRIYAPUR NEPAL GONDA
wt. pl! 0.19 0.34 0.61 0.78 i
Months Mar. Apr. May July Oct. Aug. June
0.22 0.35 0.44 050 055 0.59 0.60 *hk
N,ase Seed
activity source JAMMU CHIRIYAPUR NEPAL GONDA
g' fresh 251 313 385 637 *kE
wt. h?
Months July May Mar. Nov. Aug. Oct. Apr.
174 263 278 288 460 465 619 ns
Nase Seed
activity source JAMMU CHIRIYAPUR NEPAL GONDA
pi' h! 302 353 895 8394 ns
Months Mar. July Jun Oct.  Apr. Aug. Sep.
204 242 457 731 761 1159 3790 ns
ngN Seed
fixed source ASSAM HISSAR JAMMU CHIRIYAPUR NEPAL GONDA
pt! day? 23.81 53.87 71.22 126.87 208.11 478.28 144.30 *hx
Months  Jan. Feb. Dec. Nov. Mar. July May June  Apr. Oct. Aug. Sept.
000 000 3.60 2530 51.10 5740 140.10 159.50 166.70 169.30  274.50 876.90 - #hx
Soil Seed
nitrogen  source GONDA NEPAL CHIRIYAPUR JAMMU HISSAR ASSAM  CONTROL
accretion 271.20 231.60 199.80 194.20 162.50 121.10 38.90 53.30 *Ex
(kg ha')
Months 6 12 18 24

51.48 163.65 207.56 288.92 31.50 *xx

(3003) 902861 :(3) %1 2uaws 15240 (vardos ], fo puanof
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The amount of nitrogen fixed from October to March was almost negligible
(Table 2). Between the six seed sources, maximum and minimum values of
nitrogen fixed per plant per day were recorded in the case of Gonda and Assam
respectively during the peak period, i.e September, in the second year of growth.
The amount of soil nitrogen (kgh') estimated during the two years was maximum
in Gonda followed by Nepal, Chiriyapur, Jammu, Hissar and Assam (Table 2). All
provenances showed higher values of soil nitrogen compared with the control.
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Figure 2 Seasonal variation effects on nitrogenase activity in Dalbergia sissoo
seedlings raised from different sources

Discussion

Remarkable changes in nodulation behaviour, nitrogenase activity and nitrogen
content were noticed in D. sissoo seedlings raised from different seed sources.
Overall, Gonda seed source performed better compared with others. Variations in
nodulation pattern have been reported for provenances of Casuarina (Dawson et al.
1989) and Gliricidia sepium (Sanginga et al. 1991). Nodulation behaviour as a seed
source dependent character has also been described in D. sissoo ( Devagiri 1997).
From our study the seedlings raised from Gonda, Chiriyapur and Nepal showed
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faster growth and more number of nodules per plant compared with the other
three seed sources. This may be dueto the inherent potential of these seed sources
to develop efficient host-parasite relationship. Similar variations in the nodulation
behaviour is reported in twelve different tree species (Himmat 1997). However, in
the present study, none of the characters show any discernible geographical
trend and the variations observed are sporadic.

Nitrogenase activity showed a wide variation in different seed sources of D.sissoo.
Maximum value was recorded in Gonda followed by Nepal and Chiriyapur. Poor
growth in Assam seed source may be attributed to poor nodulation. Wide
variations in nitrogenase activity is also observed in Acacia albida provenances
(Sniezko 1987, Sanginga et al. 1990). Close variation between acetylene reduction
rate of field grown soybean with air temperature and environmental variables
has been established (Sloger et al. 1975). The low nitrogenase activity in newly
formed nodules during hot summer is supported by Kuo and Boersoma (1971),
Sprent (1972), Pokhriyal et al. (1990) and Uniyal (1997). Availability of photosynthate
is one of the major factors controlling the rate of nitrogen fixation (Hardy &
Havelka 1976). A significant positive correlation between net rate of photosynthesis,
nodule biomass per plant and nitrogenase activity has been established in Alnus
glutinosa (Gordon & Wheeler 1978). Comparatively, fast growth, leading to a larger
photosynthetic area of seedlings, exhibited by Gonda seed source in the present
study may be a possible reason for the generation of more ATP and nitrogenase
activity. The poor growth of Assam, Hissar and Jammu seedlings may be
responsible for the limited supply of photosynthates for nodule growth and
nitrogen fixation as already discussed above. Environmental factors influencing
the symbiotic nitrogen fixation in plants have been reviewed by Havelka et al.
(1982) and Dixon and Wheeler (1983). The variations in nitrogen fixation and
soil nitrogen content was the obvious reflection of differences in the nitrogen
utilisation behaviour of different seed sources. Gonda seed source with higher
nitrogen fixing ability added maximum N into the soil compared with other seed
sources. The contribution from leguminous nitrogen fixing plant systems vary
from 100-700 kg N ha' year but the average values are 100-200kg N ha' (Donald
1960). The amount reported in non-leguminous trees ranges from 15-350 kg N
ha'! year! in Myrica cerifera and Alnus rubra (Silver & Mague 1970, Newton et al.
1968). Densly-managed C. equisetifolia and Leucaena leucocephala stands have
fixation potentials exceeding 250-500 kg N ha year' (Dommergues et al. 1984).
It was also reported that soil nitrogen accretion varies between 179-336 kg ha
'y!in some nitrogen fixing leguminous and non leguminous plants (Himmat
& Pokhriyal 1998). The extent of nodulation therefore can be considered as
a suitable factor for better shoot growth as reported by Schwintzer and Lancelle
(1983). Although some seed sources may be genetically capable of supporting
high nitrogen fixation, this could be further exploited by suitable management
practices.
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