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1. INTRODUCTION

Coarse sediments deposited as gravel bars along seasonal rivers, which often overflow,
deposit them on arable lands rendering them unproductive. Rehabilitation of such
areas was attempted by a silvi-pastoral system with Grewia optiva (J.R. Drummond ex
Burret), Chrysopogon fulvus (Spreng.) and Panicum maximum (Jacq.), which belong
to this region. Three tree canopy management practices-coppicing, lopping and
pollarding were imposed on G. optiva trees at the age of 5 years, and tree leaf fodder
and woody biomass production were estimated, with and without grasses as understorey
components. Results of the study indicate that among the systems evaluated, pollarding
system was the most productive method for obtaining higher leaf and woody biomass
on a regular basis. Averaged over 9 years, leaf biomass (kg ha") from tree only plots
recorded was 803.4,920.0 and 355.4 in the coppiced, pollarded and lopped treatments,
respectively. Woody biomass in the same sequence was 3.24 Mgha™,2.81 Mgha™ and,
1.08 Mg ha”, respectively. There was an average decline of 37 and 35% in leaf and
woody biomass production, respectively, over 9 years as a result of incorporation of the
two fodder grasses under different canopy management practices. This long term study
indicates that old river bed lands can be rehabilitated by raising G. optiva trees
alongwith fodder grasses viz., C. fulvus and P. maximum and managing the tree canopy
by pollarding for obtaining fodder and woody biomass on a regular basis.

species for meeting energy needs and also for soil manage-

Land degradation due to natural and anthropogenic
reasons has increased significantly over the last two decades
(Cerda et al., 2009; de la Paix et al., 2013; Salvati ef al.,
2015). This is more evident in the developing countries
which directly affects the livelihood security of millions
alongwith an equal number of livestock (Wang et al., 2013;
1zzo et al., 2013; Yan and Cai, 2015; Jafari and Bakhshand-
ehmehr, 2013. It has been estimated that nearly 5-7 M ha of
arable land is lost annually by land degradation (Lal and
Stewart, 1990). Soil erosion undermines the long term
viability of agriculture in many parts of the world
(Kraaijvanger and Veldkamp, 2014) which directly affects
global food security. An analysis by Crosson (1994)
indicates that globally there has been a loss of 17% cumula-
tive productivity over 45 years (1945-90) due to soil
erosion. Tesfaye er al. (2014) investigated the use of tree

ment in Ethiopia.

Improper land use, forest degradation, large livestock
population and poor productivity of 'common property
resources' in rural India are major causative factors of land
degradation. With 2% of the earth's surface area, India
supports 15% of the global livestock population and 18% of
the human population. The per capita land availability has
declined from 0.89 ha in 1951 to 0.37 ha in 1991, and is
expected to be 0.20 ha by 2035 (Singh, 2005). The deficit in
supply of green and dry fodder would be 64% and 24%,
respectively, of the demand by 2020 (Sharda et al., 2010).
Studies on soil erosion, soil degradation have been investi-
gated for many years in India, and recent studies include the
estimation of production losses due to water erosion in India
(Sharda, 2010) which was estimated to be worth US §$ 2.51
billion yr'. An assessment of erosion rates in eastern India
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was reported by Mandal and Sharda (2013) and Warjri
(2019), while Choudhury et al. (2014) reported the impact
of land use and slopes on soil organic matter concentration
in Eastern India. From the north-west alluvial plains in
India, Kukal et al. (2014) reported upon the carbon fractions
under maize-wheat rotation, while from the Shiwalik
regions (India), Saha and Kukal (2013) reported the soil
structural characteristics under different land use systems.
An estimate of erosion prone areas from the Shivalik foot
hills was reported by Sushanth ez al. (2019).

Recent reports indicate that the total area under
degraded and wasted lands in India is 114.01 M ha (Maji et
al., 2010) with the area affected by water erosion being
23.62 M ha and 8.89 M ha affected by wind erosion.
Inappropriate land use in the middle Himalayas (<2800
msl), road construction and consequent deforestation has
led to high rates of soil erosion (Samra et al., 1999%), that
may range from 5 Mg ha'yr" in dense forests to 80 tha'yr " in
the Shiwalik belt alongwith land slips and movement of
slope forming material which is carried down the slopes into
river valleys and gets deposited as gravel bars along rivers
that carry seasonal flows (July-September) often with high
sediment load which ranges from 6.0 M’ha'yr" to 98.4
M’ha'yr'. The area occupied by these gravel bars in the
valley portions of the north-west Himalayas alone is
estimated to be 2.73 M ha (Arora and Vishwanatham, 1995).
The Doon valley covers an area of 0.21 M ha out of which
0.074 M hais degraded (Kumar, 2004) with similar problems.

The major constraints in areas covered with gravel
bars are shallow soil depth (<20 cm) with high percentage
of gravels, pebbles and stones (70-75%), sand (20-25%),
silt (3-5%) and clay (2-4%), poor soil organic carbon, poor
fertility and high infiltration rates (2.13 cm hr” to 3.0 cm
hr'). The substratum remains dry for nearly six months
(February-July) in a year making the sites unsuitable for
drought sensitive plants. Due to the nature of the substra-
tum, no current productive use is possible and the area is
occupied by seasonal weeds, grasses and early colonizers
like Acacia catechu, Dalbergia sissoo, Bombax ceiba etc.
Studies indicated that these areas can be used, with various
interventions, for fruit based agri-horticultural systems
(Saroj et al., 2004; Rathore et al., 2013) or for the produc-
tion of firewood (Raizada et al.,2014).

Livestock and livestock rearing provide a valuable
source of food and income for rural societies worldwide and
the sustainability of livestock production system is being
increasingly addressed by developing land use practices
that can meet fodder requirements of the future. The use of
degraded land not fit for cultivation of deep rooted plant
species like fruit plants, provides an opportunity to use such
lands for the production of fodder and small timber or
firewood. Critical evaluation of the use of degraded areas by
establishing silvi-pastoral system suggests that they are a

viable land use practice to meet small farmer needs for
fodder, firewood and small timber (Singh et al., 2008;
Mathew et al., 1992; Okorio ef al., 1994). Silvi-pastoral
systems offer several environmental advantages-reduce
erosion on sloping lands, allow organic matter build-up and
improve soil physico-chemical properties. Trees and grasses
simulate the multi-storied physiognomy of natural forests
and help in the recovery of degraded habitats through
nutrient cycling and enrichment (Nair, 1983).

However, the successful establishment of trees and
grasses growing together depends on access to sunlight, water
and nutrients. Establishment of understorey vegetation is
affected by tree density (Walker ef al., 1986), light intercep-
tion (Wilson, 1996), shade tolerance (Walters et al.,1982)
and moisture and nutrient availability (Raison et al., 1992).
Complete overhead canopy may affect herbage yield (Mathew
et al., 1992) or may compete for water and nutrients in
stressed sites (Balocchi and Philips, 1997). Artificial shading
of N deficient pastures can increase growth of grasses by
increasing availability of immobilized soil N (Wilson,
1996). High tree density may give excessive shade and lead
to detrimental competition (Robinson, 1991).

It is therefore necessary to manage tree canopies in a
silvi-pastoral system by lopping, pollarding or coppicing.
Canopy management by lopping or pollarding has been
reported to improve below tree productivity by enhanced
light penetration (Deb-Roy, 1994). Crown pruning is known
to modify rooting patterns of trees and below ground
processes (Jones et al., 1998). Impact of tree canopy manage-
ment on fodder grass productivity has been reported earlier
by Vishwanatham et al. (1999), Samra et al. (1999") and
Singh et al. (2008) from the north-west Himalayas, from
semi-arid Central India by Mishra et al. (2010), from the
semi-arid Deccan by Narendra et al. (2011) and from the
deserts of Rajasthan by Gupta (1992).

This paper reports on the performance of a silvi-
pastoral system using G. optiva alongwith two fodder grasses-
P. maximum (Guinea) and C. fulvus (Gorda), which have
been raised on gravel bars along the Asan river in the Doon
valley situated in the foothills of the north-west Himalayas.
The trees were managed in three different ways to determine
the most productive method for obtaining fodder and
firewood in combination with the selected fodder grasses.

2. MATERIALSAND METHODS

The study was initiated in July, 1996 and continued till
December, 2009 at Research Farm, ICAR-IISWC, Dehradun
(30°19'N latitudes and 78°02'E longitudes) situated at an
elevation of 517 m above mean sea level. Annual rainfall
(averaged from 1956 to 1998) is 1646 mm received in about
82 rainy days. Summers are hot and dry while winters are
quite cold with occasional frost. The rainfall received
during the study period averaged 1485.33 mm, received in
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72 rainy days. Nearly 80% of this was received during the
monsoon period (July to September) and the rest during
December-January. Vegetative growth of almost all plant
forms takes place during the summer and rainy seasons
(March to September), with drought like conditions experi-
enced frequently during the hot summers (April to June),
and plants remain dormant during the winter season.

The experimental site is an old riverbed wasteland
where soils have been classified as sandy skeletal typic
Ustifluvent soils (Bharadwaj and Singh, 1981). Infiltration
rates at these sites are high (2.13 cm hr” to 3.0 cm hr') which
is due to sandy soil texture and a permeable stony layer at
lower depths of the profile. Gravels of sizes ranging from
0.2 cm to 10 cm constituted 60% of the total weight of the
contents excavated from a one cubic meter pit. A detailed
description of the soil conditions have been described in
Vishwanathamet al. (1999).

One year old G. optiva (Drumm.) (Vern.-Bhimal)
seedlings were obtained from the State Forest Nursery and
planted during July in pits of size 45 cm® ata spacing of4 m
x 4 m giving a density of 625 trees ha'. Because G. Optiva
trees provide the only green winter fodder, they are heavily
lopped throughout the Himalayan region. Crude protein
content of leaves ranges from 15-20% on dry matter basis
during different months of the year. Rooted slips of two
fodder grasses viz., C. fulvus (Spreng.) Chiov. (Red false
beard grass) and P. maximum Jacq. (Guinea grass) were
planted at a spacing of 0.75 m % 0.75 m in each plot during
July 1998 (2 years after planting of G. optiva seedlings). C.
fulvus is a native species of the region and grows abundantly
in forest openings and dry sites. The fodder is nutritious
when green and quality reduces with ripening. P. maximum
is ideal for the 'cut and carry’ system and is shade tolerant,
prefers to grow in well drained moist soils and cannot
tolerate water logging.

The gross plot size was 256 m”(16 m x 16 m) with a net
plot of 144 sq m (12 m x 12 m); each net plot had four G.
optiva trees and 256 clumps of grass. There were 11 plots
each replicated thrice in a RBD making a total of 33 plots,
covering 0.84 ha. There were 11 treatments-coppiced trees
only (T)), pollarded trees only (T,), lopped trees only (T,), C.
Sfulvus only (T,), P. maximum only (T,), coppiced trees with
C. fulvus (T,), pollarded trees with C. fulvus (T,), lopped
trees with C. fulvus (T,), coppiced trees with P. maximum
(T,), pollarded trees with P maximum (T ), and, lopped
trees with P maximum (T ).

The trees and grasses were maintained completely
under rainfed conditions, and routine weeding and cleaning
were carried out. Observations were recorded on tree
survival, collar diameter (cm), dbh (cm), tree height (m) and
yield of green leaf and woody biomass from loppings.
Prunings and coppiced stumps were also estimated once the

treatments were imposed on the G. optiva trees. Data was
also collected on grass survival percent, number of tillers,
tiller height (m), and clump diameter (cm). Grass was
harvested manually during October each year, biomass
obtained was air dried till constant weight, and dry weight
was recorded.

After five years of establishment of tree seedlings (in
2001), treatments were imposed on the trees-coppicing was
carried out at a height of 10 cm from the ground, pollarding
at a height of 1.5 m from the ground, and lopping with 75%
canopy removal. Consequent to the treatment imposed on
the trees, data collection on fodder yields from grasses from
all treatments and biomass from trees obtained annually
from trees was continued for the next eight years. Woody
biomass obtained from trees was recorded immediately in
the field. Leaves were separated manually from the twigs,
and green weight recorded. Representative samples of
woody biomass were oven dried at 70°C till constant weight,
and dry weight was recorded.

The mean effect of treatment (lopping at 75% intensity,
pollarding and coppicing) on grass yields and their interac-
tions were analyzed, and data were subjected to standard
analysis of variance tests. Statistical analysis for individual
year data as well as for the pooled data over the years was
carried out using standard methods of analysis. The data
were analyzed for significant differences at P<0.05 by
Duncan's multiple range test (DMRT), using SAS (ver: 9.3)
statistical software.

3. RESULTSAND DISCUSSION
Performance of Trees

Average seedling height (m) in all plots at the time of
planting was 1.43 m, which increased progressively every
year reaching 5.43 m in the 5" year when treatment was
imposed. Similarly, collar diameter (cm) at the time of
planting was 1.76 cm, and diameter at breast height (DBH)
at the time of treatment imposition was 6.33 cm with an
average canopy spread of 5.44 sq m. By the 5" year, the
average survival ranged from 96% in T, and T, to 100% in
T, T, T,, T,,and T,,. The average height of trees was 5.5 m
in the plots where the trees were to be coppiced, and 5.76 m
in the plots where the trees were to be lopped and pollarded.
Average DBH (cm) was 6.46, 6.40 and 6.10 in the trees
where coppicing, lopping and pollarding was carried out,
respectively.

Performance of Grasses

The number of tillers in C. fulvus clumps was much
more than P maximum at the time of planting, and the
numbers increased rapidly during the monsoons. The
number of tillers increased from 48 (on an average) in the
first year to 100 per clump by the time of imposition of
treatments. Similarly, the number of tillers in P. maximum
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one year after planting averaged about 11 which increased
to 24 per clump at the time of imposition of treatment. Tiller
height (m) increased rapidly in both the fodder grasses from
the 2" year till the 5" year, when the treatments were
imposed. In C. fulvus, average tiller height was 1.72 m when
treatments were imposed on G. optiva trees. As is evident
from Fig.1a, tiller height in this grass began to decline after
imposition of treatment and reached the lowest value by the
7" and 8" year, below coppiced and lopped trees, respec-
tively. Subsequently, increases were observed in plots with
lopped trees, while in all other treatments the tiller height

remained at par and reached 1.49 m by the 12" year.
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Fig. 1. Variations in tiller height (m) in (A) C. fulvus and (B) P.
Maximum in different treatments with managed G.
optiva as the over storey tree species

Table: 1

th

In P. maximum, the average height during the 5" year
was 2.54 m, but a decline was observed in all the plots after
imposition of treatments on the trees (Fig. 1b). However,
from the 7" year, marginal increases in tiller height were
observed, although differences amongst treatments were
not significant. In general, tiller height in plots with pollarded
trees was lower than other treatments although by the 12"
year, tiller height was 1.91 m on an average across all the plots.

Imposition of treatments in the 5" year yielded different
quantities of tree components. The highest biomass was
obtained in the plots where the trees had been coppiced with
leaf quantity of 635 kg ha” being obtained from trees with P
maximum as the under storey grass (Table 1), while from
trees alone plots, leaf biomass of 625 kg ha was obtained.
Stem biomass of 3275 kg ha' at the age of 5 years was
obtained from coppiced trees alone and coppiced trees with
C. fulvus, while the quantity of leaf biomass obtained with
P. maximum was only 690.50 kg ha”. In the pollarded trees
the amount of leaf biomass from trees alone and trees with
C. fulvus was nearly similar, but was lower by 35.4% in trees
with P. maximum as the understorey. Stem biomass from
the pollarded trees alone was 61.4% and 53.80% more
over trees growing in combination with C. fulvus and P,
maximum, respectively. In the lopped trees, maximum leaf
biomass was obtained from the tree only plot (293.75 kg
ha") followed by that with understorey of P. maximum and
C. fulvus plots (Table 1).Woody biomass obtained by
lopping of the canopy was highest from trees with P
maximum, and least in plots with C. fulvus.

Green Biomass Production from Grasses

Green biomass from C. fulvus was harvested one year
after planting (October, 1997), and yields were 3 Mg ha’
and 2 Mg ha" in plots with C. fulvus alone and plots with
three year old G. optiva trees (average of three plots),
respectively. Within these G. optiva plots, grass yields
varied from 1.65 Mg ha' to 2.47 Mg ha’, indicating
significant heterogeneity in the area due to the nature of the

Biomass (kg ha) available from various tree-grass combinations at the time of imposition of treatment (after five years of tree

establishment) in the silvi-pastoral systems

Treatment Green leaf Oven dry weight Over dried branch Oven dried stem Total
Biomass of twigs biomass biomass
Coppiced trees only 625 88.05 2827.50 3275.00 8195
Coppiced trees with P. maximum as understorey 635 607.20 2402.00 2070.25 6119.25
Coppiced trees with C. fulvus as understorey 419.37 372 1441.25 3275.00 5755.62
Pollarded trees only 328.12 366.75 1293.75 1115 3348.12
Pollarded trees with P maximum as understorey 212.50 268.50 1079.00 725.00 2464.00
Pollarded trees with C. fulvus as understorey 329.37 267.15 1077.00 690.50 2542.12
Lopped trees only 293.75 292.05 1259.25 - 2039.75
Lopped trees with P. maximum as understorey 262.50 327.45 1754.00 - 2562.25
Lopped trees with C. fulvus as understorey 116.87 132.15 635.50 - 970.62

Coppiced trees were harvested at 10 cm from ground level; pollarded trees were harvested at a height of 1.5 m from ground level; in lopped trees, 75%

of canopy was removed by selective cutting using secateurs.
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underlying soils and substratum. Green biomass production
progressively increased every year till the 5" year when the
treatments were imposed on the G. optiva trees. Biomass
production in the control (C. fulvus alone) plot continued to
increase till the 6" year when a yield of 1.83 Mg ha'was
recorded (Fig. 2a). Biomass yields in the plots with
coppiced trees continued to increase after imposition of
treatments and reached a value of 12.74 Mg ha" by the 7"
year after which there was a decline. Yields again improved
and reached 9.6 Mg ha' by the 12" year. In plots with
pollarded G. optiva trees, C. fulvus yields indicated a similar
trend producing 12.8 Mg ha in the 7" year (Fig. 2a), and
similar trends were observed in the plots with lopped G.
optiva trees where yields began to decline after the 6" year

and reached the lowest by the 11" year (0.94 Mgha™)

In P maximum green biomass yields continued to
increase till the 7" year after planting in all the plots, except
in the control plot where yields continued to increase till the
8" year reaching 15.77 Mg ha™ after which yields declined,
reaching the lowest value in the 9" year (3.55 Mg ha™).
Biomass yield trends in the plots with managed trees
followed a similar trend and reached the lowest values in the

th th

9" year, increased again from the 11" year and declined in
the 13" year (Fig. 2b).

Trends indicate that tree management practices did
influence biomass yields of grasses and led to reduction in
yields along with the site bio-physical conditions that led to
high stress levels in the dry periods (February to June every
year). These trends are in contrast to an earlier report by
Semwal et al. (2002) who reported that low lopping intensities
did not affect crop yields but high lopping intensities led to
higher photosynthetically active radiation (PAR) reaching
the crops, and hence higher yields were recorded. This may
also be attributed to the tree and understorey combination
and site conditions of this study.

Leaf Fodder Production from G. optiva Trees

Production of green leaves for use as fodder varied
18 -
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—==Lopped
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Green grassyield (Mg/ha)
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Fig. 2a: Green grass yields (Mg ha™) obtained from P. maximum
in association with managed G. optiva trees
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Fig. 2b: Green grass yields (Mg ha™) obtained from C. fulvus in
association with managed G. optiva trees

among different treatments and the quantity was less than
that produced from trees grown as control (no grass as
understorey), indicating the competitive effect of grasses on
the trees. In the control plots, the quantity of leaf biomass
produced during the first year of treatment in the coppiced
trees (1 kg tree”) increased over time reaching a value of 2.5
kg tree” by the 4" year. Averaged over 9 years, the quantity
of leaf biomass was 1.44 kg tree” which is equal to 803.44
kg ha' at the current tree density of 625 trees ha”. In the
pollarded trees, leaf biomass available was 0.526 kg tree’'
which increased to 2.55 kg tree”' by the 6" year, after which
there was a decline. Averaged over 9 years, leaf biomass of
1.47kgtree" or 920.74 kg ha' could be obtained from pollarded
trees. Leaf biomass in lopped trees averaged 0.56 kg tree’
(350 kgha™) over a 9 year period, the values increasing from
0.50 kg tree” in the first year of treatment to 1.17 kg tree”' by
the 13" year (Fig. 3a) yielding 355.44 kgha".

Incorporation of C. fulvus as the herbage component
led to a decline in leaf fodder production in all the treat-
ments. Leafyields during the first year in the coppiced trees
were 32% lower than the control (only tree) plots and
remained lower over the entire study period. Averaged over
9 years, leaf biomass was only 0.56 kg tree'(352.44 kg ha™),
which is 61% lower than the control trees (Fig. 3a). In the
pollarded trees, leaf yields at the time of imposition of
treatments was 0.53 kg tree” which is nearly similar to the
control trees, and values increased in the second year to 0.96
kg tree” and later remained higher than the first year values.
Averaged over 9 years, leaf yields were 1 kg tree” (623.52
kg ha') which is 32% less than the leaf yields from the
control plots. Leaf yields in the lopped trees were 0.18 kg
tree” in the first year which increased to 0.55 kg tree” by the
5"year and to 0.86 kg tree”' by the 9" year. Averaged overa 9
year period, leaf biomass was 0.43 kg tree” (272.06 kg ha™)
which is 23% less than the lopped trees in the control plots
(Table2).
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Fig. 3a. Green leaf biomass production from G. optiva under
different treatments with C. fulvus as the understorey
grass

In coppiced G. optiva trees with P. maximum as the
understorey herbage, the leaf yields in the first year was
about 1 kg tree” which declined to 0.5 kg tree”' in the 3" year,
and increased to 1.30 kg tree” in the 6" year, and remained at
about 1 kg tree” in the succeeding years (Fig. 3b). Averaged
over 9 years, the leaf yields in coppiced trees was 0.87 kg
tree” (544.46 kg ha') which is nearly 40% less than the
yields from the control plots.

In pollarded trees with P. maximum, leaf yields in the
first year were 0.33 kg tree” which increased to 0.9 kg tree”
in the 2" year, and further to 2 kg tree” in the 5" year, and
declined subsequently. On an average, leaf yields over 9
years was 0.95 kg tree” (597.3 kg ha") which is 35% lower
than the yields from trees in the 'no grass' (control) plot. In
the lopped trees with P. maximum, leaf fodder yields in the
first year was 0.42 kg tree” which increased to 0.56 kg tree”
in the 2" year, and then to 1.2 kg tree” by the 7" year (Fig.
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Fig. 3b. Green leaf biomass production from G. optiva under
different treatments with P. maximum as the understorey
grass

3b). On an average of 9 years, leaf biomass produced was
0.66 kg tree” (419.06 kg ha") which is 18% more than the
trees growing without grass as understorey (Table 2).

A comparison of the leaf biomass production (kg ha™)
from the various treatment combination indicates (Table 2)
that among all treatments, leaf fodder production over 8
years is highest from the pollarded trees even with the
association of two fodder grasses as understorey species.
Leaf biomass was significantly higher in comparison to
coppiced and lopped trees in the tree alone plots and plots
with C. fulvus and P. maximum (row M, in Table 2). Even if
the year of treatment imposition (at the age of 5 years) is
excluded (because of the high biomass obtained in that
particular year) from estimating the average (row M, in
Table 2), the differences in the leaf biomass produced from
pollarded G. optiva trees are significantly higher than the
other treatments.

Table: 2

Effect of tree management practices and inter-cropped grass species on tree leaf fodder production (kg ha™)

Years after Trees alone Trees with C. Fulvus Trees with P. Maximum LSD
planting T, T, T, T, T, T, T, T, T,

5* 626.25° 328.75" 312.50° 420.00°  330.00" 116.25° 635.62° 209.80° 261.67° 308.58
6 883.95° 654.38"°  340.20" 437.08"  598.13% 128.75°¢ 598.55°  558.33% 357.50°  326.09
7 942.70° 2155.20° 138.95°¢ 273.55°  255.20% 114.80° 304.80°  382.30" 73.13°  706.64
8 1542.30° 630.20° 89.38" 149.38" 255.20° 77.08° 250.00° 287.50° 62.50° 842.05
9 489.58°  1041.67" 320.83°¢ 352.08°  750.00" 341.67¢ 602.08™  1225.00° 387.50° 451.80
10 662.50™" 1593.75° 312.50° 456.25°  706.25™° 293.75° 812.50°  1000.00°  406.25°  382.93
11 861.25 651.05 681.88 443.13 820.83 505.83 646.88 616.05 777.50 NS
12 454.38 601.87 269.38 274.80 962.70 335.00 482.50 501.88 701.67 NS
13 768.13 629.80 733.33 365.63 933.33 535.42 564.58 594.80 743.75 NS
Mean, 825.60" 994.74°  360.81" 343.99"  660.21" 291.54°  532.74™  645.73  438.73°  556.00
Mean, 803.44" 920.74°  355.44¢ 352.44“  623.52"  272.06° 544.16™ 597.30™  419.06” 350.24

Note: (1) Treatment mean followed by same letter within each row are not significantly different at 5% probability level. (2) T, T,and T, are treatments
with coppicing, pollarding and 75% lopping of G. optiva trees, respectively. T, T, and T, are treatments in the same sequence with C. fulvus as the
understorey grass species and T,, T,,and T,, are with P. maximum as the understorey grass species in the same sequence. (3) M, indicates overall mean

and M, indicates mean after excluding the 5" year biomass data which is the year treatment was imposed. Tree density is 625 trees ha”. * Treatments on

trees were imposed in the 5" year after planting.
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Woody Biomass Production from Managed G. optiva
Trees

Woody biomass available after imposition of treat-
ments (in the 5" year of establishment) revealed high values
in the first year. Subsequently, yields in the coppiced 'tree
alone' plots declined from 5.5 kg tree to 1.94 kg tree” by the
6" year and then showed an increase reaching 3.13 kg tree”
by the 9" year. Association of C. fulvus led to a decline in this
treatment with average yields reaching 2.50 kg tree” (1.10
Mg ha'; excluding the first year) while it was 3.45 kg tree”
(2.17Mgha") in the control plots. In the pollarding treatment,
woody biomass yields declined till the 4" year and then
increased, yielding on an average about 2.65 kg tree” (1.67
Mg ha™) which is about 37% lower than the yields from the
control (no grass) plots (2.64 Mg ha"). Similarly, in case of
lopped trees with C. fulvus, after an initial decline in yields,
increases were observed in the 5" year reaching a value of
2.16 kg tree” in the 8" year. On an average, yields of 1.31 kg
tree” (0.83 Mg ha') were recorded over a period of 8 years
(2002-2009) which is 22% lower than the yields from trees
inthe control plot (1.06 Mgha™; Table 3).

Association of P. maximum as an understorey fodder
grass showed similar patterns with yields on an average (of
8 years) being 1.59, 1.64 and 1.65 Mg ha" in coppicing,
pollarding and lopping treatment, respectively, in compari-
son to control plots (no grass as understorey) where yields
were2.17,2.64 and 1.06 Mg ha™, respectively, which is 36%
and 38% lower in case of the first two treatments and 55%
higher in the last treatment.

Woody biomass yields (Mg ha™) from the control plots
and plots with grasses are presented in Table 3. Trends

Table: 3

indicate that yields after treatment imposition declined in
general for the first 3-4 years and then slowly improved,
with higher average yields being obtained from the
pollarded trees in combination with C. fulvus and in the
lopped trees in combination with P. Maximum.

A comparison of the woody biomass production (Mg
ha') from the various treatment combination indicates
(Table 3) that among all treatments, woody biomass
production over 8 years is highest from the pollarded trees
even with the association of two fodder grasses as
understorey species. Woody biomass obtained by pollarding
was significantly higher in comparison to coppiced and
lopped trees in the tree alone plots and plots with C. fulvus
and P. maximum (row M, in Table 3). Even if the year of
treatment imposition (at the age of 5 years) is excluded
(because of the high biomass obtained in that particular
year) from estimating the average (row M, in Table 3), the
differences in the woody biomass produced from pollarded
G. optiva trees are significantly higher than the other
treatments, although the difference between lopped and
pollarded trees (after excluding the year of imposing
treatment) is not significant. This can be attributed to the age
of the trees which have attained optimum canopy dimen-
sions (after 10 years) which is being lopped every year.

Total Biomass Production

Over a period of 9 years (2001-2009), total biomass
production from the treated trees were compared with
control. Maximum biomass (leaf and woody material) was
obtained from pollarded trees in the control plot followed by
that obtained from coppiced and lopped trees, respectively.
With the inclusion of grasses like C. fulvus and P. maximum
as understorey components, yields from trees declined by

Effect of tree management practices and inter-cropped grass species on woody biomass production (Mgha™)

Years after Trees alone Trees with C. Fulvus Trees with P. Maximum LSD
lantin

planting T, T, T, T, T, T, T, T, T,

5* 11.85° 4.30™ 1.20° 6.73° 3.03% 0.55° 10.72° 2.75% 1.37° 2.72
6 3.47° 3.15% 1.61% 2.10” 2.92* 0.44° 3.36° 2.69° 1.64° 1.20
7 2.27° 3.42° 0.33° 0.53° 0.60° 0.33° 0.75° 0.87° 0.31° 0.66
8 3.03° 2.38° 0.29° 0.76° 0.78" 0.20° 0.62° 0.68" 0.40° 1.59
9 1.56™ 2.88° 0.90™ 1.20" 2.01% 0.60° 1.66™ 2.53° 1.16" 1.32
10 1.21° 2.88° 0.99° 1.12° 1.44% 1.28° 1.60" 1.93° 1.05° 0.62
11 1.63 1.49 1.33 0.87 1.61 1.16 1.31 1.11 2.10 NS
12 2.25% 2.90% 1.59" 1.19° 2.15% 1.35° 1.97" 1.45° 3.62° 1.32
13 1.95 1.98 1.45 1.05 1.88 1.28 1.45 1.67 2.88 NS
Mean, 217 2.64° 1.06° 1.10° 1.67% 0.83° 1.59% 1.64% 1.65" 211
Mean, 3.24° 2.81° 1.08% 1.73" 1.83" 0.79° 2.60% 1.74% 1.62° 0.89

Note: (1) Treatment mean followed by same letter within each row are not significantly different at 5% probability level. (2) T, T,and T, are treatments
with coppicing, pollarding and 75% lopping of G. optiva trees, respectively. T, T, and T, are treatments in the same sequence with C. fulvus as the
understorey grass species and T,, T,,and T,, are with P. maximum as the understorey grass species. (3) M, indicates overall mean and M., indicates mean
after excluding the 5" year biomass data which is the year treatment was imposed. Tree density is 625 trees ha”. *Treatments on trees were imposed in

the 5" year after planting.
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21-38%, but the highest total biomass was still obtained
from pollarded trees with the understorey grasses. Averaged
over 9 years, the biomass production from the three
combinations is given in Table 4. Perusal of the table
indicates that leaf fodder and woody biomass production
was the highest from pollarded G. optiva trees in compari-
son to the other two treatments. Grass yields (Mg ha") was
nearly similar in all the treatments in case of C. fulvus, while
in case of P. maximum the yields with pollarded and lopped
G. optiva trees were higher than that obtained from plots
with coppiced trees.

A common effect of trees on grasses is to reduce the
herbaceous yield beneath the canopy, although this effect is
not consistent and in certain cases even 'increases' have been
reported - in a Albizzia lebbeck— P. maximum association
(Lowry et al., 1988) or in Panicum antidotale where
number of tillers increased under shade of Melia
azadirachta (Barsila et al., 2013). Tree canopy may modify
the micro-climate in general, reduce solar radiation,
moderate temperature regime, increase humidity and affect
the quality and quantity of forages (Watson et al., 1984).
Further, it has been reported that C, plants are well adapted
to warm temperature, low soil moisture and high light
conditions (Kephart et al.,, 1992). Narendra et al. (2011)
reported that at different pruning levels, significantly higher
clump diameter, tiller numbers, fresh and dry weight of
grasses were recorded in periodically pruned trees as
compared to 'no pruning' or 'pruning once only'. Our results
also indicate that tiller height and tiller numbers in both
grasses increased significantly till the 5" year when the
canopy was opened and then declined gradually by the 8"
year, as has been reported earlier by Singh et al. (2008). It
appears that under the given site conditions, grasses will
survive till the 7-8" year and grow again from new ramets
that establish themselves under conducive site conditions.

Production decreases in competing mixtures can be
attributed to asymmetric competition and resource pre-
emption (Kumar et al., 2001) and this may be more
prominent in 'nutrient' rich sites, and conversely in degraded
sites, understorey components may show better or 'at par'
productivity. Apparently, it appears from the results

obtained, that both tree and grass components have shared
resources harmoniously (Rao et al., 1998). An earlier study
(Raizada et al., 2002) had indicated high organic matter
build up in the top soil (0-7.5 cm) in G. optiva plantations,
which was attributed to high turnover rates of litter. It
appears that the shallow rooted grasses have utilized this
enriched soil layer to accumulate increased biomass even
under the partial shade of the trees. The impact of canopy
opening and regeneration was evident during the study with
yields increasing gradually after the 9" year, when more
light was available to the understorey grasses and rapid
vertical growth in tillers took place.

Several workers have investigated the tree-grass
competition interface, in which grasses compete for
resources in the top soil layers while trees have access to
deeper soil layers. Depending on particular situations, trees
and grasses may compete for resources where the root
systems overlap (Belsky, 1994). While tree roots draw
nutrients from deeper layers, the high density of fine roots of
trees and grasses in the top 15-30 cm layer may also reduce
nutrient leaching (safety net hypothesis; Divakara et al.,
2001) or may even improve sub-soil nutrient recovery
(Kumar and Divakara, 2001). In studies by Raizada et al.
(2013) in similar site conditions, it was reported that 80% of
the fine roots were confined within 0-20 cm soil layer at 1 m
radius around the trees, with 47% of this confined to 0-10
cm incase of G. optiva. Even at 2 m distance, 77% of the
total fine root biomass was confined to 0-20 cm layer,
constituting 64% in the 0-10 cm layer in case of G. optiva.
However, the complex interactions and competition for
resources (water, nutrients and space) are difficult to
conclude by simple examination of spatial understorey
patterns.

In contrast to higher economic returns normally expected
from silvi-pastoral systems in the developed countries
(Clason, 1995) by sale of timber, livestock or hay, silvi-
pastoral systems in the developing countries are a low input
biomass production system that produces renewable energy
sources and provides fodder for livestock in fodder scarce
regions so commonly observed in the developing countries.
Management practices suggested are easy to implement and

Table: 4
Biomass availability (average of 2001-2009) from silvi-pastoral systems under three management practices and two fodder grasses grown
asunderstorey
Trees alone Trees with C. Fulvus Trees with P. Maximum

Tl TZ T3 T7 T8 TS T10 Tll
Leaf biomass (kg ha™) 803.44 920.74 355.44 623.52 272.06 544.16 597.30 419.06
Woody biomass (Mg ha™) 3.24 2.81 1.08 1.83 0.79 2.60 1.74 1.62
Green grass (q ha™) - - - 140 138 120.5 130 132

Note: T, T, and T, are treatments with coppicing, pollarding and 75% lopping of G. optiva trees, respectively. T, T,and T, are treatments in the same
sequence with C. fulvus as the understorey grass species and T,, T,,and T,, are with P. maximum as the understorey grass species. Tree density is 625

treesha’.
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do not require high levels of technical skill, which increases
the potential of its adoption. The results indicate that tree
management by pollarding is a suitable practice for
obtaining significant quantities of green grass and tree
fodder, which may vary over years due to rainfall and
nutrient availability, and the total yields are higher than that
obtained from coppicing and lopping. This practice can be
popularized as in case of alder (A/nus nepalensis) in north-
east India which are pollarded continuously for many years
in combination with crops (Dhyani,1998; Rathore et al.,
2010) or as a conservation measure (Dabral, 2002) in areas
affected by slash and burn (swidden) agriculture. Pollarding
is also a well-known canopy management practice in
Erythrina poeppigiana trees raised in coffee plantations
(Russo and Budowski, 1986) and more recently reported in
Salix fragilis from India (Rawatet al., 2010).

4. CONCLUSIONS

Old river bed lands in the north-west Himalayas can be
rehabilitated for fodder and woody biomass production by a
managed silvi-pastoral system with G. optiva trees (at a
density of 625 trees ha™) pollarded (at a height of 1.5 m) and
suitable fodder grasses like C. fulvus and P. maximum raised
as understorey herbage species. It is expected that that such
a managed land use practice will lead to significant
improvement in soil physico-chemical properties that might
assist in the initiation or facilitation of secondary succession
with native forest species and their gradual establishment on
the river banks.
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