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Abstract: Ten multipurpose tree species, Terminalia arjuna, Azadi-
rechta indica, Prosopis juliflora, Pongamia pinnata, Casuarina equiseti-
folia, Prosopis alba, Acacia nilotica, Eucalyptus tereticornis, Pithecello-
bium dulce and Cassia siamea, were raised in a monoculture tree crop-
ping system on the sodic soil of Gangetic alluvium in north India (26°47'
N: 80°46' E) for 10 years to evaluate the biomass and bio-energy produc-
tion. The soil was compact, sodic and impervious to water associated
with nutrient deficiency or toxicity. Maximum plant height was recorded
with E. tereticornis followed by C.equisetifolia and P. juliflora. A.
nilotica performed better than the other species in terms of diameter at
breast height (DBH) with a basal area of 13.04 m”>ha', followed by P.
Juliflora and C. equisetifolia. P. juliflora and 4. nilotica produced nearly
similar biomass of 56.50 and 50.75 Mg-ha”, respectively, at 10 years;
whereas, A. indica, P. pinnata, C. siamea and P. alba did not perform
well. P. juliflora scored maximum in net biomass production and nutrient
demand. Nutrient (N, P, K, Ca, and Mg) concentrations were higher in
leaf component of P. juliflora. However, in woody components, there

was little variation between the species. N removal for production of one

ton of wood was lowest in Acacia nilotica, P in T. arjuna, K in P. dulce -

and Ca and Mg in P. juliflora. P. juliflora gave the highest energy. pro-
duction of 1267.75 GJ-ha followed by A. nilotica with 1206 GJ-ha™ and
the lowest of A. indica (520.66 GJ-ha™).
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Introduction

Geographically Indo-gangetic plains lies between 21°55' to 32°
39' N and 73°45' to 88°25' E comprising of the states of Punjab,
Haryana, U.P. and part of Bihar (North) West Bengal (south) and
Rajsthan (north). Salt affected soils of Indo-gangetic alluvium
(2.7 million hectare) constitute centuries old barren sodic soils
without any land use system (NRSA & Associates 1996). These
soils have been regarded as unfit for agriculture on account of
high concentration of soluble salts capable of producing alkaline
hydrolysis products such as Na, CO;, NaHCO; and sufficient
exchangeable sodium to impart poor soil physical conditions.
The presence of CaCO; concretions at various depths (caliche
bed) causes physical impedance for root proliferation, therefore,
making it difficult for tree establishment. Dedicated efforts were
made to rehabilitate these inhospitable soils under tree cover
from past four decades (Yadav 1975 1980). Some indigenous
species established on these soils suffer with stunted growth and
poor yield (Chaturvedi and Behl 1996; Singh 1989). With the
scarcity of fuel wood in many developing countries, various
programmes of short rotation forestry were launched in the past
two decades to meet out this basic need of rural communities
(Toth 1981; Brady, 1990; Lugo et al. 1990; Singh and Mishra
1978). In India, sodic lands were generally allocated to the poor
and landless peoples under poverty alleviation programme for
rehabilitation and simultaneous improvement of the area (Singh
1989; Singh and Gill 1992; Chaturvedi and Behl 1996). Despite
their slow growth and low productivity, energy plantation estab-
lished on barren sodic soils reclaimed the soils significantly
(Garg and Jain, 1992; Tripathi and Singh 2005). The sodic soils
are poor in fertility status and it is not ascertained whether nutri-
ent removed from the soil during fuel wood production would be
replenished naturally or require fertilization to sustain the subse-
quent rotation, it is important to know the nutrient cost of wood
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production and nutrient loss in the removal of wood to maintain
a sustainable production system.

Tree species differ in their nutrient use efficiencies (NUE) for
biomass production. Therefore, any species which is poor in
nitrogen use efficiency may deplete the soil nutrients rapidly and
threaten soil sustainability (Sanchez et al. 1985). The removal of
nutrients can be altered by varying plantation and harvest design
(Wang et al. 1991). The index of nitrogen use efficiency is a
better indicator hence; there is a need for more comprehensive
inventory of nutrient removal for tree species used in sodic soils.
Very little information on biomass and bio-energy production
and nutrient concentration of trees species growing in an envi-
ronment of soil sodicity are available. Our objective was to ex-
amine the performance of ten multipurpose tree species under
this stress, and thereby consequences on nutrient concentration
of relatively tolerant and sensitive species.

Materials and Methods
Site description

The study was initiated during 1995 at experimental farm of
Central Soil Salinity Research Institute, Regional Research Sta-
tion, Lucknow situated in north India (26° 47' N: 80°46' E ).
Geographically this region is classified as Gangetic alluvial
plains. A large tract of this alluvium constitutes abandoned sodic
soils without any significant vegetation cover. The soil was alka-
line, fine loamy, mixed, hyperthermic and classified as Typic
Natrustalfs having physical and nutritional problems due to poor
soil water cover and soil air relations caused by high pH ( >10.0),
low electrical conductivity (<3.0dSm™), high exchangeable so-
dium percentage (> 85.0) and very low water permeability (Table
1). A poor fertility of the soil is attributed to deficiency in or-
ganic carbon and available N and excess amount of Na. The
calcic horizons starts from 60 cm deep with thickness varying
from 40 to 60 cm. Below the calcic horizon the soil was coarser
and remain generally moist and free from calcareous salts. The
climate is semi- arid sub tropical and monsoonic receiving an
average annual rainfall of 817 mm. Maximum rainfall is received
between 23 to 40 standard weeks (June-October), amounting to
741 mm, which is 91% of the total annual rainfall. The average
annual evaporation is 1580 mm. During the rainy season between
23 to 40 weeks (mid June to October), evaporation rate gradually
decreases following rains. Mean maximum temperature of 39°C
in the month of May and mean minimum temperature of 7.1°C in
the month of January indicate a season climate. Mean annual
temperature was recorded as 24.6°C where as mean annual soil
temperature (MAST) and the mean winter soil temperature
(MWST) were 31°C and 18°C, respectively. Figure 1 shows the
graphical representation of climatic data of experimental farm
Lucknow.

Planting techniques
Nearly six months old seedlings of ten multipurpose tree species
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viz. Terminalia arjuna, Azadirechta indica, Prosopis juliflora,
Pongamia pinnata, Casuarina equisetifolia, Prosopis alba, Aca-
cia nilotica, Eucalyptus tereticornis, Pithecellobium dulce and
Cassia siamea raised in a normal soil were planted in auger holes
of 45 cm diameter at the surface, 20 ¢cm at the bottom and 120
cm deep keeping row to row and plant to plant spacing at 4 m
and 3 m, respectively, during July 1995. The auger holes were
filled with a uniform mixture of original soil + 4 kg gypsum + 10
kg farm yard manure (FYM) + 20 kg silt. Seedlings were planted
at a depth of 30 cm from the surface. The experiment was ar-
ranged in a Randomized Block Design with four replications.
Each replication was having 180 trees covering 2160 m® lands.
For proper establishment of the seedlings three irrigations were

given at monthly interval during first year of planting.

Table 1. Initial soil physico-chemical properties of the experimental

site at Lucknow, India.

Soil parameters

Soil depth (cm)

0-15 15-30 30-60 60-90 90-120

Sand (%) 63.40 48.00 42.00 57.00 52.50
Silt (%) 18.80 25.20 23.00 25.00 25.00
Clay (%) 17.80 26.80 35.00 18.00 22.50
Textural class 1 sil cl sil cl
CEC (Cmol kg'") 8.60 1220 1400 B840 9.90
Organic matter (%) 0.08 0.08 0.06 0.08 0.06
ESP 89.00 82.60 80.20 76.00 60.40
pH (1:2) 10.50 10.60 10.40 9.80 9.70
EC(1:2)d Sm’! 1.43 242 0.86 0.64 0.44
Ca'™+Mg™ (meql")  2.60 2.10 1.60 1.60 2.10
Na (meql™) 24200 119.00  52.70 9.00 5.00
K(mcql") 0.22 0.12 0.04 0.03 0.01
CO; (meql"} 188.00 84.00 26.00 2.00 1.00
HCO; (megql™) 1800 2100 2100 5.50 3.50
Cl (meql™) 33.00 12.00 11.00 3.00 3.00
S04 (megl™) 0.00 0.00 0.00 0.00 0.00
CaCO; (<2mm) 0.60 0.60 0.40 19.10  17.20
Rainfal, mm - +-+ Temperature, Max.
———— Evaporation, mm =«-==-- Temperature, Min.
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Fig. 1 Climatic features of the experimental site
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Biomass

Plant survival and growth observations were initiated from first
year onwards. Circumference and diameter of the trees were
measured at breast height level (1.3 m) every year with a diame-
ter tape. Four randomly selected trees representing the entire size
variations amongst the ten species were marked and harvested
after every two years from the ground surface and their stem,
branch and leaves were separated and weighed on air dry basis
for biomass estimation using a stratified sampling procedure.
Basal area and crown diameter were calculated after ten years.
The mean annual increment (MAI) in biomass yield was calcu-
lated on two year basis. A regression equation of the following
form based on Gompertz relation growth model using curve

expert version 1:3 for calculating the annual increment was fitted.

—eb ™"

Y= qoe N

where, Y is the biomass yield (tons-ha™), a,b and ¢ are regression
constants, x is the age of the plant, and ¢ is constant

The biomass yield of natural grasses regenerated under the
tree canopies of different species was measured on annual dry
weight basis.

Regression constants and r values for biomass production and
partitioning in stem, branch and leaves were calculated by using
following regression equation:

e b—cx

Y = ae )
where, a, b and ¢ are regression constants, x is the age of the
plants;e is constants

Wood samples were collected to study the heat of combustion of
different plant components of ten tree species. The calorific
value of the samples was measured using calorimeter (Parr In-
struments, USA). To compare the magnitude of wood energy
harvested per hectare by different species, the calorific value of
wood of different species was multiplied by their respective
woody biomass yield.

Nutrient analysis

Random samples of stem, branches and leaves were collected
from ten year old plantations. Five composite samples from rep-
resentative plants were taken for each of the plant component
from twelve trees of different sizes and dried at 65°C to a con-
stant weight. Samples ground in a Wiley mill passing through
0.1mm mesh sieve were processed for nutrient analysis. Nitrogen
content in the plant component was estimated on a Tecator
kjeltec auto 1030 N- analyzer after sulphuric acid digestion
(Kalra and Maynard 1991). Phosphorus was determined by spec-
trophotometer using vanadomolybdo phosphoric yellow colour
method. Potassium and calcium were determined through flame
photometer and magnesium by titration using versenate method
(Jackson, 1967). Nutrient uptake was calculated by multiplying

the value of different components of aerial biomass by their re-
spective nutrient concentration.

Results
Survival and growth performance

The performance of different tree species was evaluated on the
basis of survival % and growth (height, diameter at breast height,
crown diameter and basal area) (Table 2). All the species had
over 95% survival except C. siamea (94%) and A. indica (90%)
and P. alba (50%). Maximum plant height was recorded with E.
tereticornis followed by C. equisetifolia and P. juliflora. A.
nilotica performed better than the other species in terms of di-
ameter at breast height (DBH) with a basal area of 13.04 m*-ha™,
followed by P. juliflora and C. equisetifolia, with a basal area of
9.92 m*ha"'and 9.64 m™ha', respectively. These results are in
agreement with those of Yadav and Singh 1970; Gill and Abrol
1986; Gill and Gupta 1990; Singh et al. 1993. All other species
had basal area of below 8.5 m*-ha”'. Correlation coefficients (r)
calculated for height and diameter was strongly positive in  P.
Juliflora, P. pinnata, P. dulce, A. nilotica C. equisetifolia, T.
arjuna, E. tereticornis and A. indica, whereas, C. siamea (0.43),
E. tereticornis (0.48), P. alba (0.56), T. arjuna (0.63) and Acacia
nilotica (0.67) were having lower r values. P juliflora recorded
highest crown diameter (8.87m) followed by C. equisetifolia
(8.75 m), A. indica (7.53 m) and A. nilotica (7.20 m).

Table 2. Establishment and growth of multipurpose tree species aged
ten years on sodic soils.

Species Survival Height DBH 5 Crown Basal area
(%) (m) (cm) diameter (m)  (m™ha’)
T arjuna 100 4.96 9.20 0.63 2.40 5.53
A. indica 90 5.01 8.46 0.82 7.53 4.68
P. juliflora 100 8.14 12.32 0.98 8.87 9.92
P. pinata 100" ST ey s 5.42 5.61
" C. equisetifolia 97 8.25 12.24 0.85 8.75 9.64
P. alba 50 5.85 8.46 0.56 3.00 4.68
A. nilotica 96 6.83 14.12 0.67 7.20 13.04
E. tereticornis 99 9.31 11.10 0.48 4.80 8.05
P. dulce 100 6.39 10.15 0.96 5.80 6.73
C. siamea 94 4.10 5.63 0.43 4.18 2.06
CD (P=0.05) s 0.96 6.50 1.12 1.6

Biomass production

Among the ten species P. juliflora gave the maximum dry bio-
mass of 56.50 Mg-ha™ with about 96% biomass allocated to stem
and branch wood followed by 4. nilotica having dry biomass
about 50.75 Mgha' with 95% biomass in wood components
(Table 3). This is because of their fast growth and higher yields
in sodic soil (Lugo et al. 1990; Singh et al. 1993). Highest por-
tion of dry biomass (76.8% and 72.9%) in stem part was re-
corded with E. tereticornis and P. dulce, respectively, because of
less number of branches; whereas, the share of dry biomass
through branches was higher (54.3%) in P. pinnata, while T,
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arjuna, showed relatively high proportion of foliar biomass (7.13
Mg-ha™") because of broad laminar morphology.

Highest annual increment in biomass yield (13.78 Mg‘ha")
was observed in P. juliflora between stand age of two and four
years followed by A. nilotica (9.44 Mghal), T. arjuna (9.40
Mg-ha'}) and C. equisetifolia (8.98 Mg-ha“l) whereas, it increased
linearly in P. dulce up to the age of 8 years (Table 4). The an-
nual increment of other species like A. indica, P. pinnata, P.
dulce and C. siamea suffered heavily during early growth period
due to high sodicity and low soil fertility which in general led to
stressed growth. The values of regression constants (a, band ¢
and »* values are given in Table 5.

Table 3. Dry biomass production and allocation into stem, branch
and leaf components in ten species and under story biomass yield in
sodic soils.

from 1.10% in C. equisetifolia to 2.68% in P. juliflora. P. Juli-

flora had greater N concentration in leaf and ground litter. How-

ever, greater N concentration in branches and stem was recorded
with P. pinnata. The P. pinnata had a higher P concentration
(0.25%) in foliage, followed by P. juliflora (0.18%). However, P.

Jjuliflora had higher P concentration in stem (0.11%) and branch

(0.14%), followed by A. nilotica (0.11% in stem and 0.13% in
branch).

Table 5. Regression constants and r? values for biomass production
and partitioning in ten multipurpose tree species.

Species Tree biomass (Mg+ha'") Under story
Stem Branch Leaf Total biomass
yield
(Mgha)
T. arjuna 23.78 10.70 7.13 41.62 52
A. indica 11.17 6.21 1.84 19.22 5.28
P. juliflora 27.73 26.60 2.17 56.50 6.25
P. pinnata 9.05 14.45 3.10 26.60 3.75
C. equisetifolia 28.60 9.15 435 42.10 273
P. alba 14.70 11.10 1.95 27.75 525
A. nilotica 22.15 26.14 2.46 50.75 6.35
E. tereticornis 24.40 5.27 2.10 31.77 534
P. dulce 23.50 6.81 1.94 32.25 5.21
C. siamea 14.30 5.65 1.70 21.65 535
CD.(P=0.03) 2.43 4.63 1.21 5.42 0.24

Table 4. Annual biomass increment and r* values for biomass pro-
duction in ten species

Species Annual increment (Mg ha™')

0-2 24 4.6 6-8 8-10 £

years  years _ years  years years
T. arjuna 4.99 9.40 5.18 1.93 0.63 0.996
A. indica 233 4.3 3.02 1.46 0.61 0.991
P. juliflora 923 13.78 7.46 2.89 1.00 0.996
P. pinnata 24 5.18 4.84 3.08 1.65 0.997
C. equisetifolia 397 8.98 7.69 4.43 2.14 0.999
P. alba 3.54 6.12 4.07 1.89 0.77 0.996
A. nilotica 6.66 9.44 7.28 4.25 2.18 0.996
E. tereticornis 5.09 7.43 4.61 2.08 0.83 0.996
P. dulce 0.44 3.01 6.58 7.69 6.39 0.999
C. siamea 2.61 5.96 3.65 1.46 0.5 0.996

Maximum under story biomass yield (6.35 Mg-ha”') was re-
corded under the canopy of A. nilofica and minimum with P.
pinnata (3.75 Mgha') and C. equisetifolia (2.73 Mgha'). A
higher natural grass yield under A. nilotica and P. Juliflora cover
story than in the open was also reported by Diaz et al. (1984).

Nutrient concentration

Concentration of macronutrients in different parts of the trees
showed highest values in leaves (Table 6) because of their more
active role in metabolic activities followed by branches and stem
(Driessche 1974; Lea 1979). The mean N content in leaf varied
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Species Plant part a b g r

Terminalia arjuna  Stem 30.765 1.806 0.504 0.99
Branch 10.743 1.556 0.436 0.96

Leaves 5.401 1.459 0.364 0.98

Total 46.559 1.721 0.481 0.99

zadirechta indica  Stem 15.216 2.035 0.516 0.99
Branch 6.149 2.195 0.602 0.99

Leaves 24.903 1.654 0.086 0.98

Total 24 488 1.891 0.478 0.99

Prosopis juliflora  Stem 48.175 1.300 0.268 0.98
Branch 27.392 2.010 0.593 0.99

Leaves 35.033 1.688 0.054 0.99

Total 70.242 1.923 0.555 0.99

Pongamia pinnata  Stem 24.448 1.517 0233 0.99
’ Branch 12.726 2.394 0.587 0.99
Leaves 7.731 1.738 0.249 0.98

Total 37.782 1.827 0.388 0.99

Casuarina  equi- Stem 41.141 1.871 0437 0.99
setifolia Branch 9.191 3.331 0.713 0.99
Leaves 7.564 1.778 0.299 0.99

. Total 58.066 1.915 0.426 0.99
Prosopis alba Stem 26.213 1.287 0.239 0.96
Branch 13.821 1.921 0.452 0.99

Leaves 2311 1.355 0.307 0.96

Total 34.087 1.872 0.489 0.98

Acacia nilotica Stem 32.475 1.376 0.383 0.99
Branch 25.969 2.084 0.563 0.99

Leaves 9.329 1.392 0.162 0.99

Total 66.167 1.510 0.388 0.99

Eucalyptus tereti-  Stem 32.338 2.062 0.592 0.99
cornis Branch 7.105 1.100 0.236 0.99
Leaves 14.760 1.329 0.092 0.99

Total 41.840 1.763 0.492 0.99

Pithecellobium Stem 70.984 2274 0.238 0.99
dulce Branch 12.095 3319 0.556 0.99
Leaves 3.254 1.872 0.300 0.99

Total 69.825 2.321 0.300 0.99

Cassia siamea Stem 18.184 3.485 0.938 0.99
Branch 12.290 1.740 0.281 0.99

Leaves 1.233 2.642 0.923 0.99

Total 28.936 2.184 0.561 0.99

The K levels in leaf (1.84%), branches (0.63%) and stem
(0.46%) was greater in P. juliflora followed by P. pinnala and P.
alba. 1t was noted that Ca and Mg concentration in foliage of /.

Jjuliflora was very similar to those of P. pinnata, although the

two species performed differently in terms of growth. However,
T. Arjuna recorded the highest concentration of these nutrients in
branches. The nutrient concentration in plant parts under sodic
soil conditions differ from species to species, location to location
and even age of the plant in the same species on the same site
(Singh 1982; Singh 1998). This may be attributed due to dis-
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turbed ionic equilibrium of soil solution which causes abnormal
nutrient uptake (Naidu and Rangasamy 1993). A direct correla-
tion between nutrient content and productivity was not estab-
lished.

Table 6. Nutrient concentrations in plant components and litter of
ten tree species.

Species Component Nutrient content (%)
N P K Ca Mg
Terminalia Stem 0.36 0.06 0.43 0.60 0.06
arjuna Branch 0.51 0.05 0.54 1.21 0.15
Leaf 1.47; . . 0.¥5 0.90 0.80 0.60
Litter 0.84 0.13 0.15 0.67 0.52
Azadirechta Stem 0.43 0.08 0.36 0.68 0.08
indica Branch 0.51 0.12 0.52 0.52 0.07
Leaf 1.21 0.16 1.02 0.60 0.40
Litter 0.84 0.14 0.32 0.54 0.28
Prosopis Stem 0.47 0.11 0.46 0.55 0.07
Juliflora Branch 0.61 0.14 0.63 0.39 0.03
Leaf 2.68 0.18 1.84 0.90 0.60
Litter 1.70 0.10 0.86 0.62 0.36
Pongamia Stem 0.53 0.11 0.46 0.62 0.04
pinnata Branch 0.63  0.08 0.61 0.85 0.07
Leaf 203 028 1.50 0.94 0.47
Litter 15505 0405 0.63 0.46 0.32
Casuarina Stem 0.46 0.10 0.34 0.63 0.07
equisetifolia Branch 0.61 0.12 0.54 0.54 0.06
Leaf 1.10 0.14 1.10 0.62 0.36
Litter 0.85 0.16 0.42 0.51 0.30
Prosopis alba Stem 0.43 0.11 0.43 0.54 0.07
Branch 0.51 0.12 0.58 0.38 0.04
Leaf 1.38 0.16 1.62 0.74 0.58
Litter 1.10 0.12 0.59 0.53 0.32
Acacia Stem 0.53 0.11 0.35 0.75 0.06
nilotica Branch 0.62 013 0.46 0.40 0.06
Leaf 1.68 0.16 1.00 0.58 0.28
Litter 1.14 0.10 0.28 0.43 0.26
Eucalyptus Stem 034  0.08 0.46 0.54 0.08
tereticornis Branch 0.54  0.05 0.54 1.10 0.12
Leaf 1.43 0.13 1.01 0.67 0.54
Litter 0.88 0.14 0.16 0.73 0.36
Pithecellobium ~ Stem 0.50  0.07 0.38 0.63 0.06
dulce Branch 0.61 0.11 0.54 0.54 0.08
Leaf 1:21 0.16 0.90 0.73 0.43
Litter 0.86 0.16 0.43 0.52 0.36
Cassia siamea  Stem 0.43 0.07 0.43 0.80 0.08
Branch 0.61 0.12 0.74 0.68 0.12
Leaf 1.34 0:15 0.89 0.84 0.53
Litter 0.78 0.14 0.40 0.86 0.84

indica (520.66 Gl-ha™).
Nutrient cost of wood production

Highest N cost for production of one ton of wood (stem + branch)
was measured in C. siamea and minimum with E. fereticornis.

Cost of P for producing one ton of wood was maximum in P.

dulce and minimum with T. arjuna. K need was very high for P.

pinnata in comparison with the other species. However, T. ar-
Jjuna need higher quantity of Ca and Mg (Fig. 2). Thus, for the
harvest of one ton of wood, different quantities of nutrients will
be lost from the soil by the different species.

Table 7. Energy values of different plant components in ten tree

Energy production

Leaves had slightly higher heat of combustion (21.40-23.71
MJ-kg") whereas; it was lowest in stem (20.45-23.23 MIkgh
(Table 7). The calorific values of stem and branches exhibited
less variation, with A. nilotica having the highest heat combus-
tion in both stem and branches (23.23 and 24.24 MJ'kg"' respec-
tively). The differences in total energy production and its alloca-
tion to different plant parts, led to variation between biomass
yield and its allocation to stem, branch and leaves per hectare. P.
Juliflora gave the highest energy harvest of 1267.75 GJ-ha'
followed by A. nilotica with 1206.0 GJ-ha™ and the lowest of A.

species.
Species Calorific Values (MJI'kg") Total energy
Stem Branch Leaf (GJha™)

Terminalia arjuna 22/57 21.60 23.24 933.53
Azadirechta indica 20.60 20.54 21.42 520.66
Prosopis juliflora 22.53 23.20 23.71 1267.75
Pongamia pinnata 21.60 21.60 22.34 576.85
Casuarina equisetifolia 2220 22.14 22.21 934.11
Prosopis alba 21.46 22.20 23.21 607.13
Acacia nilotica 1 23.23 24.24 23.64 1206.32
Eucalyptus tereticornis 20.45 2243 21.40 662.12
Pithecellobium dulce 21.50 21.60 22.64 696.26
Cassia siamea 21.40 21.68 22.58 466.89

G 1 B Nitrogen @ Phosphorus

é ] B Potassium [ Calcium

[l @Magnesium

v

Nutriefts used in wood production
(ke-Mg")

Terminalia Pongamia Acacia Cassia siame

arfuna pinnata nilotica

Tree species

Fig. 2 Nutrient use efficiency by 10 multipurpose tree species on the
basis of nutrient requirement for per unit of biomass production in
sodic soil.

Discussion

Tree growth is affected by a number of factors including geno-
types, agro-climatic conditions and cultural practices. Adequate
supply of nutrients is of utmost importance and depends on soil
conditions. Most nutrients are more available in low pH soils and
nutrient availability is therefore a limiting factor in alkali soil
sites (Brady 1990). Species raised on highly sodic soils generally
suffer high mortality, although there was very less mortality in
these tree species. All the species showed <10% mortality indi-
cating the ability to establish under stress conditions (Table 2).
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Maximum biomass production was found in P. juliflora (Table
3). The higher productivity of above ground biomass of P. juli-
flora can be attributed to their greater tolerance to soil sodicity
(Singh and Gill 1992; Jain 1995). Above ground biomass of P.
Jjuliflora was estimated at 1.06 Mgha after 3.5 years of plant-
ing on highly alkali soils without any soil treatment, with large
improvements in yield with gypsum amendments incorporated at
planting (Singh 1989). In our study P. juliflora produced 9.23
Mgha! after 2 years with incorporation of gypsum in auger
holes. Biomass production of several leguminous tree species
including Prosopis species under green house conditions after
two years growth was predicted, and found that 'P. alba produced
the highest biomass (14.5 Mg-ha™) compared with other species.

Annual increment in biomass production of P. juliflora be-
tween stand age of two and four years was higher due to high
sodicity tolerance, and fast growth in sodic soils whereas, the
annual increment of other species like 4. indica, P. pinnata, P.
dulce and C. siamea suffered heavily during early growth period
due to high sodicity and low soil fertility which in general led to
stressed growth.

Nutrients concentration in different parts of the trees in sodic
soil conditions differ from species to species, location to location
and even age of the plant in the same species on the same site.
Because of disturbed ionic equilibrium of sodic soils the nutrient
uptake is abnormal. Therefore, variation in nutrient concentration
cannot be critically distinguished between N fixture and non-N
fixture species. N concentration in foliage of the tree species in
our study is slightly lower (Table 6) than those reported for natu-
ral forest of this region (Singh and Mishra, 1978).

Conclusion

A comparison of field performance of these ten multipurpose
tree species have revealed that the P. juliflora is a promising tree
species for biomass as well as bio-energy production in sodic
soils followed by A. nilotica. Nevertheless, the suitability of
Terminalia arjuna and C. equisetifolia can not be ruled out in
view of their better survival and establishment in sodic soils.

References

Brady NC. 1990. The nature and Properties of Soils. New York: Macmillan
publishers,

Chaturvedi AN. 1987, Afforestation of salt affected soils. In: T.N. Khoshoo,
(ed.), Eco-development on Alkaline Lands. New Delhi: Publication Infor-
mation Directorate, Pp. 101-102.

Chaturvedi AN, Beh, HM. 1996. Biomass production trials on sodic site.
Indian Forester, 122: 439455,

Diaz R, Karlin UO, Rossi C. 1984. Inform de avance. Influencia del dosel de
algarrobo sobre la oferta forrajera,” 11 Reunion de Intercambio
Technologico en Zona Aridasy Semiaridas, Catamarca, pp.128-135.

Driessche RVD. 1974, Prediction of mineral nutrient status of trees by foliar
analysis. Botanical Review, 40: 347-394.

Garg VK, Jain RK. 1992. Influence of fuel wood trees on sodic soils. Cana-
dian Journal of Forest Research, 22: 729-35.

Gill HS, Abrol IP. 1986. Salt affected soils and their amelioration through
afforestation. In: R Princely, T. and swift, M.J. (Eds.), Amelioration of soil
by trees,. Commonwealth Science Council London, pp. 43-33.

@ Springer

Gill HS, Abrol, IP, Gupta RK. 1990, Afforestation of salt affected soils. In:
Technologies for Wasteland Development. New Delhi: ICAR, pp.355-380,
Jackson ML. 1967. Soil Chemical Analysis. New Delhi: Prentice Hall of India,

Pp. 183-226.

Jain RK. 1995, Tolerance of tree species at varying levels of soil exchange-
able sodium, percentage. Range Management and Agro forestry, 16: 95~
102.

Kalra YP, Maynard. 1991. Methods manual for Forest and Plant Analysis.
Information Report Nor-X-319. Forest Canada Northwest Region, Northern
Forestry Center. Edmonton, Alberta, Canada.

Lea R, Tierson WC, Bickelhaupt DH, Leaf AL. 1979. Stand treatment and
sampling time of hardwood foliage. Plant Soil, 51: 515-533.

Lugo AE, Wang D, Borman FH. 1990. A comparative analysis of biomass
production in five tropical tree species. Forest Ecology and Management,
31: 153-166.

National remote Sensing Application and Associates (NRSA & Associates).
1996. Mapping of salt affected soils of India, 1: 250,000 map sheets, Leg-
end. NRSA Hyderabad, INDIA,

Naidu R, Rangasamy P. 1993. lon interaction and constraints to plant nutrition
in Australia sodic soils. Australian Journal of Soil Research, 31: 800-819.
Singh, B. 1982. Nutrient content of standing crop and biological cycling in
Pinus patula ecosystems. Forest Ecology and Management, 4: 317-332.
Singh B. 1998. Biomass production and nutrient dynamics in three clones of
Populus deltoids planted on Indo-gangetic plains. Plant and Soil, 2(3): 15—

26

Singl} B. 1989. Rehabilitation of alkaline wastelands on the Gangetic alluvial
plains of Uttar Pradesh, India through afforestation. Land Degradation and
Rehabilitation, 1: 305-310.

Singh G, Gill HS. 1992. Ameliorating effect of tree species on characteristics
of sodic soils at Karnal. Indian Journal of Agricultural Science, 62: 142—
146.

Singhe G, Singh NT, Tomar OS. 1993. Agro forestry in salt affected soils.
Research Bulletin, CSSRI, Karnal, P. 65

Singh KP, Mishra R. 1978. Structure and functioning of Natural, Modified
and Silvicultural Ecosystems of Eastern Uttar Pradesh. Technical report,
UNESCO programme on Man and the Biosphere. Indian MAP Research
Committee, Contribution of Research project-1, Banaras Hindu University,
Varanasi, India, pp. 161.

Singh K, Yadav JSP, Singh V. 1992. Tolerance of trees to soil sodicity. Jowr-
nal q.frkc Indian Society of Soil Science, 40: 173-179.

Sanchez PA, Palm CA, Davey CB, Szott LT, Russell CE. 1985. Tree crops as
soil improver in the humid tropics. In: Cannel, M. & I.E. Jackson (eds.)
Attributes of Trees As Crop Plants. Institute of Terrestrial Ecology, Hunt-
ington, Pp. 327-358.

Singh V, Toky OP. 1995. Biomass and primary productivity in Leucaena,
Acacia and Eucalyptus, short rotation high density (energy) plantation in
arid India. Journal of Arid Environment, 31: 301-309.

Tripathi KP, Singh B. 2005. The Role of Revegetation for rehabilitation of
sodic soils in semi arid subtropical forest. Restoration Ecology, 13(1):
29-38

Toth B. 1981. Afforestation on salt affected soils in Hungary. Agrokemia
Telajtan, 30: 205-12.

Wang D, Bormany FH, Lugo AE, Bowden RD. 1991. Comparison of nutrient-
use efficiency and biomass production in five tropical tree taxa. Forest
Ecology and Management, 46: 1-21.

Yadav ISP, Singh K. 1970. Tolerance of certain forest tree species to varying
degree of salinity and alkalinity. Indian Forester, 96: 587-599.

Yadav JSP. 1975. Improvement of saline-alkali soils through biological meth-
ods. Indian Forester, 101:385-395.

Yadav JSP. 1980. Salt affected soils and their afforestation. /ndian Forester,
106: 259-272.



