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SCOPE OF POPULUS DELTOIDES ON MARGINAL LANDS OF
INDO-GANGETIC PLAINS

BAJRANG SINGH AND H.M. BEHL
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Introduction

Populus is one of the fastest growing
genera throughout the world. Out of the six
indigenous and eight exotic species, Populus
deltoides (Cotton wood) has acquired the
most promising status in Northern India
particularly in agroforestry land use
systems (Mathur and Sharma, 1983;
Chaturvedi, 1982, 1983; Chandra, 1986;
Tandon et al., 1991). It has been widely
accepted in Tarai region of Uttar Pradesh
on account of having suitable canopy
characteristics and shallow root system for
intercropping (Singh, 1998a; Singh, 1994).
The deciduous nature of P. deltoides does
not cast any shade effect on Rabi season’s
crop as the trees become completely leafless
during winter. Perhaps this character
associated with arelatively fast growth has
almost replaced the farming of evergreen
Eucalyptus with Poplars in Indo-Gangetic
plains of U.P. Besides, nutrient recycling
by the decomposition and mineralization of
leaflitter is relatively fast in Poplar (Singh
et al., 1993) which also adds another merit
over Eucalyptus in farm forestry. Populus
deltoides grows well toitsintrinsic potential
on deep fertile sandy loam to clay loam
alluvium with high water holding capacity
at the rate of 2-3 m per year during initial
4 years (Shelton et al., 1982; Singh and
Mittal, 1983). Performancelevels of several

newlyintroduced clones at Forest Research
Institute, Dehra Dun werereported recently
and their future strategy has been planned
(Kumaretal., 1999; Singh et ai., 1999). The
scope of Poplar on a large tract of marginal
lands, widely spread over the Gangetic
plains, has been explored. Since these
marginal lands have become impoverished
and cannot nourish adequately the fast
growing species, some sort of
biotechnological interventions are required
to ameliorate the soils atleast partially
prior to undertake Poplar plantations.

A clone evaluation trial with several
P.deltoides clonesraised on marginal lands
identified the best selection (Singh and
Misra, 1995). Later on, their silviculture
technology was also standardized (Misra
and Tiwari, 1999). Productivity dynamics
and nutrient cycling in some clones of P.
deltoides hasbeen studied (Singh, 1998a,b).
Singh and Behl(1999) have recently worked
on the sustainability of Poplar plantations
on degraded lands by investigating the
resource use efficiencies. In this paper 3
suitable clones were evaluated for biomass
production and nutrient accumulation in 2
sets of plantations raised with different
objectives. The one was a high density
short rotation (4 yrs.) energy plantation
(HDSREP) and the another was a
conventional agroforestry plantation (AFP)
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of 10 years rotation. Generally Poplar
plantations on marginal lands are raised
either for mitigating the demand of biomass
energy or industrial pulp in fuelwood or
fibre production, respectively for which a
high quality land would not be available at
the cost of any risk in country’s food security.

Material and Methods

Two sets of Populus deltoides
plantations were raised on Banthra
Research Station of NBRI, Lucknow during
1985 to 1995 (26, 45N, 80°53'E). The first
set was a CRD trial of high density short
rotation (4 yrs.) energy plantation
(HDSREP) at the spacing of 60 x 40 cm with
a population density of about 40,000 plants
per hectare. The plot size was 10 x 10 m,
with four replications of each of the three
clones (G3, G48 and D121). The second set
was a CRD trial of agroforestry plantation
(AFP) for a rotation of 10 years at the
spacing of 3m x 3m with a population density
of about 1,100 plants per hectare. In this
trial, plot size was relatively large of 33 m
x 33m with four replications of each of the
three clones (G3, G48 and D121). The
plantations were growing in a seasonally
monsoonic climatic with an average annual
rainfall of 970 mm. Average maximum and
minimum temperature was recorded as
32.1and 18.6°C. Average relative humidity
was 63%. Total incident solar radiation has
beenrecorded as 69T J/ha/yr. Datareported
in this paper at the age of 2 and 4 years
belong to HDSREP trial and rest at age 6,
8 and 10 years are related to AFP trial.

Both the plantations were developed
on a marginal land of Gangetic alluvium
whick was partially reclaimed through the
other primary land use systems to a level
of pH 8.5 to 9; EC 0.2 to 0.4 dSm, organic
carbon0.1%t00.3%,N 0.2t0 0.5mg g'. The
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soil was still notideal for Poplar plantations
owing to incomplete amelioration in
chemical, nutritional, structural,
hydrological and microbiological
characteristics. However, these limitations
in general remain associated with every
species, when planted under the present
set of degraded conditions. Therefore, in
order to develop an economically feasible
and ecologically viable land use system
Populus deltoides was introduced to use
the marginal lands more efficiently over
the traditional agriculture and/or fuelwood
forestry programmes.

Periodical growth measurements and
biomass assessment were carried out
through the harvesting of sufficient sample
plants (> 100 in trial I and 60 in trial II)
from entire size variations and developing
the allometric regression equation of the
form :

Iny = a+blinx
where

y = biomass and
X = DBH.

DBH was chosen for practical reasons
as it is more time consuming to measure
stem height. Furthermore the inclusion of
height in the independent variable mostly
as D?H, in general does not contribute
significantly to biomass yield estimates
(Crow 1971; Singh and Misra, 1995;
Verwijst and Telenius, 1999).

Energy values were determined
through the Par Oxygen Bomb Calorimeter,
Mellinoise (USA). Carbon was estimated
by igniting the 3 replicate samples (1g
each) in muffle furnace at 600°C for four
hours and loss on ignition (organic matter)
was corrected with standard per cent of O,
(42%) and hydrogen (6%) with actual N
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concentrations in the sample. N was
analysed by microkjeldahl digestion and
distillation wunit. Phosphorus was
determined by spectrophotometer blue
colour method (Jackson, 1958). Ca, K, and
Na elements were measured by flame
photometer and Mg was determined by
atomic absorption spectrophotometer. The
samplesused in the analysis were composite
i.e. collected from different size plants of
each clone.

Results and Discussion

In high density short rotation (4 yrs.)
plantation, clone D121 was found better
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than other 2 clones, whereas, in agroforestry
plantation (10 yrs.) clone G3 and G48, both
performed equally well; D121 was rather
unsuccessful (Table 1). If we compare a 4
year high density energy plantation with
an 8 year low density agroforestry
plantation, clones G3 (38.7 and 37.2 t/ha)
and G48 (32.2 and 36.2 t/ha) produced
almost compatible biomass. Thus by
manipulating the population density, one
can ensure a modest yield event at a very
young age particularly when the wood is
required to be used for energy purposes as
fuelwood or in gasfires. A species capable of
producing about 10 t/ha/yr biomass is
generally found acceptable in biomass

Table 1

Biomass production of three Populus deltoides clones in even-aged plantation
raised on marginal land at Banthra, Lucknow

Age Clone Population Basal | Aboveground | Belowground | Total Root/Shoot
(yrs.) density area biomass biomass biomass Ratio
(Nos/ha) (m?ha) (t/ha) (t/ha) (t/ha)
2 G3 25830 12.44 20.13 3.91 24.04 0.19
G48 11530 11.84 20.35 3.38 23.73 0.17
G121 19530 15.13 25.16 4.53 29.69 0.18
! G3 17320 14.31 32.52 6.21 38.73 0.19
G48 8540 13.22 28.40 5.76 34.16 0.20
G121 9210 16.62 33.20 6.82 40.02 0.20
6 G3 923 8.25 24.43 4.75 29.18 0.19
G48 942 6.86 19.40 4.02 23.42 0.21
G121 843 3.03 7.09 1.41 8.50 0.20
8 G3 860 10.12 30.50 6.69 37.19 0.22
G48 864 9.41 29.81 6.38 36.19 0.21
G121 753 3.76 9.68 1.93 11.61 0.20
10 F3 798 11.9 40.06 8.63 48.69 0.21
G48 785 11.8 40.22 8.75 48.97 0.22
G121 664 4.6 12.28 2.46 14.74 0.20
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energy plantation programmes, in which
clone D121 qualified well on these marginal
lands. However, the potential of Poplar
(clones G3 and G48) in farm forestry was
not as good as found in Tarai regions of U.P.
(Tandon et al., 1991; Lodhiyal et al., 1995).

Root/shootratio slightly increased with
age and spacing from 0.18 to 0.21 (Table 1).
Singh (1994) noticed that root/shoot ratio
increased from 0.22 to 0.33 when spacing
was increased from2mx2mto4d mx 4 m.
In fertile plains root/shoot ratio was
relatively less with anincrease from 0.10 to
0.13 with respect to age and spacing
(Tandon et al., 1991). In Himalayan foot
hills root/shoot ratio increased from 0.24 to
0.27 between 3 and 8 years (Lodhiyal et al.,
1995). Thus our root/shoot ratio lies in the
middle of the range (0.10 to 0.33) reported
earlier (Tandon et al., 1991; Singh, 1994).
The root/shoot ratio is important for
allocation of organic matter into the usable
components (above-ground) with a standard
specification of 0.75 : 0.25, for shoot and
roots, respectively.

As regards the proportion of biomass
in each component, stem constituted the
greatest proportion of about 70% in young
plantation at 2 years which considerably
decreased in old plantation of 10 years
(56%) due to wide spacing with relatively
less competition among the individuals
(Fig. 1). The root proportion, however,
increased slightly from 15 to 18%.
Concentrations of energy, carbon and other
nutrients showed that these clones did not
differ much in energy and carbon values,
but N of course was relatively less in G48
clone (Table 2). C was greater in wood than
leaf against the inverse pattern for other
nutrient between these two components.
Similar was the case with Na concentrations
also. In general, nutrient concentration in
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Poplar was higher than many other
industrially important timber species
(Srivastava et al., 1988). With these
qualitative measures, quantitative
measures of energy and nutrient contents
for different clones were obtained. As with
biomass, 4-yr HDSREP consisted of nearly
similar energy content to that of 8 year old
AFP for clone G3 and G48. Whereas, clone
D121 did not succeed in AFP plantation
although it remained competitive in
HDSREP with the other two clones (Fig. 2).

Nutrient storage in total biomass
(above + belowground) of even-aged
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Table 2
Energy value and nutrient concentrations in leaf and woody components in three
Populus deltoides clones
Parameter G3 G48 D121
Leaf Wood Leaf Wood Leaf Wood
Energy (kd/g) 25.40 25.06 26.90 25.30 23.70 24.90
C (%) 40.00 47.20 39.40 47.90 38.80 46.30
N (%) 2.27 0.76 1.62 0.40 1.93 0.70
P (%) 0.24 0.18 0.21 0.19 0.20 0.20
K (%) 1.26 0.41 1.23 0.46 0.93 0.31
Ca (%) 1.57 0.57 1.55 0.64 1.33 0.28
Mg (%) 1.40 0.22 0.98 0.35 0.85 0.38
Na (%) 0.40 0.36 0.28 0.31 0.41 0.37
Fig. 2
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plantations are the functions of nutrient
concentrationsin different components and
their biomass (Table 3). It is important at
harvestable age (4 yr and 10 yr) to assess
the losses from biomass removals
particularly for the most growth liming
nutrient - N. It appears that clone G48 is
superior to have least accumulation of N at
a compatible biomass with other clones. If
we analyse the biomass nutrientratio, clone
G48 stands better than others both in
HDSREP and AFP. Singh (1998b) has
observed a tight N cycle in plantations of
clone G3 and loose cycle in clone G48 to
accomplish the greater N demand of former
through a high retranslocation. A loose
cycle increases the N use efficiency for
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better biomass production as in case of
GA48. Thus, clone G3 dominated in N removal
from the site during wood extraction
invariably either at 4 yr or 8 yr in different
sets of plantations.

It is no doubt, that biomass potential
of P. deltoides on marginal land in quite low
to that of better cites reviewed in Table 4.
Even then, its scope in managing the
unproductive marginal lands under suitable
land use systems can not be ruled out.
Either in HDSREP or in AFP, Poplar adds
to some additional benefits shortly where
other slow growing trees do not generate
the equivalent wood in such a short time

Table 3

Nutrient accumulation in 3 clones of Populus deltoides raised on marginal lands

Age Clone C N P K Ca Mg Na
{yr.)
2 G3 11.34 190.25 43.57 102.81 142.03 58.78 86.74
G48 11.32 102.24 45.21 113.77 157.30 86.83 73.38
D121 13.69 216.41 59.38 96.38 90.48 237.87 110.13
4 G3 18.26 312.44 70.43 168.65 232.76 99.36 139.90
G48 16.25 153.74 65.18 167.91 231.47 128.38 105.48
D121 18.42 297.32 80.04 132.74 127.36 158.66 148.63
6 G3 13.74 252.00 53.72 136.60 186.33 87.79 105.84
G48 11.06 115.68 44.86 121.59 166.26 90.31 22.06
Di21 3.86 71.80 17.00 32.55 34.30 37.00 31.85
8 G3 17.54 327.90 68.74 177.98 241.88 117.22 135.10
G48 17.11 175.30 61.26 185.72 254.38 142.42 111.40
D12} 5.30 93.57 23.22 42.19 43.00 48.80 43.36
10 G3 22.97 430.40 92.22 233.63 317.53 132.20 176.88
G48 23.32 232.20 93.51 248.36 340.71 190.29 150.91
D121 6.68 127.78 29.48 58.09 62.27 65.41 55.34
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Table 4

Biomass potential of Populus deltoides at vartous sties

Age |Clone | Density | Location Above Below Total | Root/ Reference
(Yr.) /ha ground | ground |Biomass | Shoot
biomass | biomass | (t/ha)
(t/ha) (t/ha)

2 G3 25830 Lucknow 20.1 3.9 24.0 0.19 Singh and Misra
(1995)

2 G48 11530 Lucknow 20.3 3.4 23.7 0.17 Singh and Misra
(1995)

2 D121 19530 Lucknow 25.2 4.5 29.7 0.18 Singh and Misra
(1995)

4 D121 9210 Lucknow 33.2 6.81 40.01 0.20 Present study

5 G3 400 Dehra Dun 52.4 10.7 63.1 .20 Tandon et al. (1991)
5 D121 400 Nainital 67.4 16.2 83.6 0.24 Lodhiyaletal. (1995)

6 G3 923 Lucknow 24.6 4.6 29.2 0.19 Singh (1998a)

7 - 500 Pantnagar 111.8 14.3 126.1 0.13 Mohsin et al. (1999)

8 1C 500 Dehra Dun 160.0 20.0 126.00 0.16 Kaul and Sharma
(1983)

8 1C 500 Dehra Dun 71.7 14.3 86.0 0.17 Kaul et al. (1983)

8 D121 400 Nainital 134.3 35.7 170.0 0.27 Lodhiyaletal. (1995)

8 D121 400 Alabama 89.7 - - - Carter and White
(1971)

9 G3 625 Hisar 88.0 29.3 117.3 0.33 Singh (1994)

9 G3 400 Dehra Dun 76.0 12.8 88.8 0.17 Tandon et al. (1991)

9 D121 500 Lucknow 34.6 5.2 39.8 0.15 Misra and Tiwari
(1999)

10 G8 785 Lucknow 40.3 8.6 48.9 0.21 Singh (1998b)

10 D121 400 Nainital 105.4 - - - Singh (1989)

14 G3 400 Dehra Dun 44.5 - - - Raizada and

Srivastava (1984)
16 D121 125 USA 133.7 - - - Shelton et al. (1982)
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even Eucalyptus also (Chaturvedi and Behl,
1995). Besides, Poplar wood has manifold
applications and wide market, against the
slow growing species for only limited
applications as firewood. P. deltoides grows
faster during initial 3 to 4 years after that
growth is declined gradually. On our site,
MAI of about 10 t/ha in HDSREP and 5 t/
ha in AFP was a modest potential to keep
the options open for Poplar cultivation on
marginal land unless some other more
economically feasible opportunities come
out. The spacing and population density
are decided according to the specific purpose
of plantation either for biomass energy
(Short rotation) or for fibre production
(AFP). A very long rotation for saw logs
would not be possible on marginal land.
Numerous experiments carried out on
marginal lands at Banthra Research Station
of NBRI reveal a modest potential of
cropping of P. deltoides with following
specifications :
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148, ST-163 S7C15 (further screening
of new clones are underway).
HDSREP - spacing 60 x 40 cm for 4 yr
rotation, clone D121.

AFP - spacing 5 x 4 m (N-S wide) for
cereal crops.

AFP-Silvipastoral system 3 x 3 m with
fodder legumes viz. Alysicarpus
monilifer, Indigofera linifolia,
Desmodium triflorum and clone G3
and G48.

Judicious use of chemical fertilizers
along with application of biofertilizers.
Maintenance of proper drainage with
light and frequent irrigation during
sumrmer.

P. deltoides is recommended in
secondary plantationsi.e. primaryland
use system should be purely
indigenous with the biotechnological
interventions to reclaim the soil
substantially particularly if soils are
of sodic nature.

Pretreatment of plantation pits with

1. Suitable clones, G3, G48, D121, ST- suitable amenders as per soil condition.

SUMMARY

Experimental plantations of 3 clones of Populus deltoides (G3, G48 and D121) were
evaluated in high density short rotation (4 yrs.) energy plantation (HDSREP) and conventional
agroforestry plantations (AFP) of 10-yrs rotation on marginal lands. Clone D121, which was
found betterin HDSREP did not perform well in AFP trial. Whereas, clone G3 and G48, produced
almost compatible biomass at 4 yrs and 8 yrs in these 2 sets of plantations. Proportions of stem
biomass decreased with age. Nutrient accumulation was relatively high in G3 and D121 clones.
Clone G48 has accumulated lowest N content in biomass and therefore appears to be better in
nitrogen use efficiency. There are ample scope of Poplar cultivation on marginal lands of
Gangetic plains to ensure some additional benefits either in HDSREP or in AFP over the slow
growing indigenous trees. However, it is recommended in secondary plantation programmes
to support and sustain the fast growth of this species. At first instance, abandoned marginal
lands must be ameliorated substantially through the primary land use systems preferably with
indigenous leguminous species. Therefore, cultivation of Poplar may be carried out to utilize
suchlands more efficiently with the appropriate soil and water management practices. However,
yields equivalent to Tarairegion of U.P. can not be expected due tolimitations of environmental
conditions.

forg -7 e @t W sl A wige SeerafRw TR @ weTaTg
Torw fiE T oo A
R
Wyerd FeeERT ® 3 Tl (I3, W48 3 T 121) A A A W I FOEET BT A
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(4 a¥) Tt Aqa 3 10 T TR FRaHE JvaT Ay @ Fedenere JuaT S Teithd
T | Feaw S 121, T I GO BT G dTe FIAAHE AT A NS Tl AT T FRaitent
Aual F ST A8 T | W3 AR M FER A FT N IFR D AT A 4 sk g af R 3w A
TH W Go i Sagd I g3 g S7 9 WM @ 9T O @ Saqal o qEEde wed
T | NSAER WA S0 3 3R S 121 Tkt A e AeE B W W 3R gafory e e SEnT
FE F R A gfte A A i IS WA B 2 | wRat 3w gell Rl T @ g o Wi e
T W A W I FEEEl BIeT SET T GO Q98 AT FiNaie 96 TR W BN
T sifRed ant fiemn ghiftee s @ g Qieer s o Sga @EAn @ ) 9, s ReRa @
& @ Wiy & feade & weEa gae o 38 T W @ e 2@ g Qe § € s s
TRY | T A OF wReard T Rl 6, I R T SR Swaet ynter gw, st @, fafeatta
S T TSR, iy GUR & forar T ey @ Sae e, IUgad Je1 3R Wt Junfordn ST
IT A W AIeR A @ wER AiE wHEsaIEd 39 A ITanT A wrRn S Wity 1 fEeg,
TR TS Y AEAI F IET §T T I ToU B AUE 8 B S i It a0 g 6
I GEHA |
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