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Abstracts

Experimental plantations of eucalypts were established at four sites in Kerala during
1998 as part of an India-Australia collaborative project aimed at enhancing productivity
through site management practices. These included a plantation of FEucabpius
tereticornis established at Punnala (9°06° N & 76°54° E) in Kollam District and E.
grandis at Surianelli (10°02° N & 77°10° E) in Idukki District. The treatments applied
included addition of N fertilizer and weed management which resulted in enhanced
productivity of both the species. The plantations were harvested in 2005 at the age of 6.5 yrs.
The second rotation coppice crop was managed in the above plantations to analyze whether any

residual effect of the treatments that applied in the first rotation.

The seedling crop received five doses of nitrogen (as urea) viz., 0, 18, 60, 187and 375 kg per ha
which were supplemented by an initial application of phosphorus (as super phosphate @ 63 kg
per ha except in the control plot). There were two levels of weed management viz., no-weeding
and periodic full weeding. The size of each experimental plot was 20 x 20 m which was planted

with 100 seedlings (2 x 2 m spacing between plants). Each treatment was replicated four times.

During the first rotation, vield response to nitrogen input at the age of 48 months varied between
116 t022.1 m* ha yr' in E. tereticornis and 18.7 t0 36.2 m’ ha” yr'' in E. grandis plantations
respectively and the treatment effects were significant. However, in the second rotation,
productivity of coppice crop at the age of 48 months ranged from 8.2 t 10.8 and 15210 20.2
m® ha! yr' for E. tereticornis and E. grandis, respectively, indicating that residual effect of

nitrogen application in the first rotation did not occur in the second rotation.

Weed management resulted in significant improvement of productivity in plantations during the
first rotation, especially in E. tereticornis (6.0 to 14.1 m® ha yr'"). However, this treatment had
no effect on E. grandis (21.1 t0 24.5 m’ ha” yr''). Suppression of weed growth in E. grandis can
be ascribed to early canopy closure and the resultant shading effect. On the other hand, £
tereticornis has a very sparse crown cover which allows greater light penetration promoting
weed growth. This affects tree growth throughout the rotation. Significant residual effect of
weed management was observed till 18® month in coppice crop of E. tereticornis. Productivity
of 4-year-old coppice crop of E. fereticornis and E. grandis was 7 and 13 m’ ha yr',

respectively.

The study revealed that silvicultural interventions like fertilizer application and weed control
had significant influence on enhancing productivity of first rotation eucalypt plantations;
however, it has no residual effect on the second rotation crop. The results indicate the need for
further silvicultural inputs for enhancing productivity of subsequent rotations.

v



1. Introduction

The suitability of Fucalyptus as an excellent pulpwood species prompted its wide
introduction and cultivation in the tropics and sub-tropics. The species currently
occupies an area of around 12 million ha in the tropics (FAO, 2011). Poor productivity,
increasing demand for pulpwood, shortage of suitable land for cultivation and changing
environmental policies necessitated maximising productivity from the already existing
plantations. To achieve this, silvicultural interventions such as nutrient input, water
conservation, weed management and use of genetically superior planting stock are
attempted widely. These treatments help to accelerate early growth and to bring down
the rotation period which ensures maximum returns from investment. It has been shown
through long-term studies that management practices aimed at conservation of soil organic
matter and enhanced soil nutrient status can contribute significantly to sustain

productivity of forest plantations (Nambiar, 1996).

1.1. Eucalyptus plantations in India

Eucalyptus is cultivated in around 5 million ha of land across India as they contribute to
the supply of pulp and fuel wood in a major way. In Kerala, the major species planted
are Fucalyptus tereticornis (<500 m asl) and E. grandis (500-2000 m asl). The area
under eucalypts in the state was over 40,000 ha in the 1990°s. Currently, eucalypts
occupies only an area of 6,500 ha in the state while the area is on the increase in other
states like Tamil Nadu, Karnartka, Punjab etc. (Sivaram et a/., 2012). The main reason
for such shrinkage in area is poor productivity of the plantations (<10 m® ha’ yr' and
the lack of interest by stakeholders in growing eucalypts. The low productivity is
ascribed to repeated planting at the same site with out any nutrient input, poor quality of
the planting material and lack of proper maintenance of the plantations (Sharma er al.,
1985; Nair et al,, 1997). In contrast, average productivity of eucalypt plantations in
Brazil is 20-60 m® ha' yr”' (Gongalves et al., 2004; Rockwood ef al., 2008). Kerala
State has only limited land available for increasing area under plantations, and the
demand for eucalypt pulpwood is very high (3,50,000 t yr'"). Thus, it is imperative that
productivity of the existing plantations be improved considerably to meet at least part of
the demand. In this context, field trials were carried out in Kerala during 1998-2005 to
evaluate the effect of intensive site management practices in improving productivity of
eucalypt plantations (Sankaran ef al., 2008).
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1.2. Coppice management

Managing coppice growth of Eucalyptus is a common practice, especially in countries
like India, Australia, South Africa and Brazil. It allows growers to have a 2™ and
sometimes even 3™ rotation crop without replanting and thereby saving on re-
establishment costs. The advantages of coppicing are: (i) regeneration is more reliable
and cheaper (ii) yields higher than the original seedling crop, and (iii) less capital
investment {Colac, 2000). It may also be noted that coppice crop rotations are usually
shorter than seedling crop. However, harvesting will have to be done carefully so as to
ensure maximum survival of stumps. Studies have shown that the time of harvesting is
crucial since it affects stump survival (Archibald, 2002). In India, March is the most
preferred month for stump harvest. This timing can vary for other countries. Coppice
management involves removal of logging debris from the stump surface and thinning of
the coppice shoots. Though numerous studies have been carried out to evaluate the
effect of silvicultural inputs on productivity of eucalypts, residul effect of these inputs
on the coppice crop has not been analyzed in any detail. This study was planned to
evaluate this residual effect on experimental plantations of E. fereficornis and E.
grandis which were intensively managed during the first rotation seedling crop. The
study was also aimed at developing suitable management practices for coppice crops in

eucalypt plantations.
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2. Materials and methods

2.1. Study area

Four eucalypt plantations, two each with E. fereficornis and E.grandis, were established
at different sites in Kerala during 1998 to study the effect of silvicultural treatments
such as harvest residue retention, nutrient addition, weeding, legume intercropping and
soil trenching to evaluate their efficacy in improving productivity of the plantations.
Two of them were used in the current study to assess residual effects of the above
treatments on the coppice crop. The experimental sites are spread over two distinct
geographic zones in Kerala (Fig. 1). One of the sites was at Punnala in Kollam District
which is a lowland region along the foothills of Western Ghats. The area was 4.48 ha in
extent and was planted with E. fereficornis. The second site was at Surianelli in Idukki
District, a highland region in the Western Ghats. The total area of the plantation was
again 4.48 ha and the site was planted with £. grandis. Geographical position, elevation,
mean annual rainfail and soil characteristics of both the sites are provided in Table 1.
Climate in Kerala is tropical warm humid with South-West and North-East monsoons.
The South-West monsoon starts from early June to September and the North-East
monsoon, from October till February with occasional rains and the summer months
extend from March to May. Mean annual atmospheric temperature is 27°C (20-42°C)
and relative humidity ranged between 64 (February — March) and 93% (June — July).

Table 1. Characteristics of the study sites

Site features Punnalg _ Surianelli
(E. tereticornis (E. grandis)

Latitude 9°06° N 10°02° N

Longitude 76°54 E 77°10° E

Elevation (m asl) 150 1280

Rainfall (mm year ) 2000 3000

Soil texture Sandy loam- Medium clay-
clay loam sandy loam

pH 5.1 4.8

Total C (mg g™) 43.6 40.9

Total N (mg g) 2.89 2.49

Total P (mg g™) 0.40 0.55

Previous vegetation Moist deciduous forest Grassland

Source: Sankaran e af. (2000)
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2.2. History and description of plantations

The site at Punnala, a degraded moist deciduous forest prior to planting with eucalypt,
previously supported two rotations (the first, a seedling crop and the second a coppice
crop of F. tereticornis). Surianelli, a high altitude grassiand previously, had supported
four previous rotations (initial seedling crop followed by two coppice rotations and the
fourth seedling crop of E. grandis). Seedlings for planting were raised from selected
provenances of eucalypts (screened for disease resistane and high productivity) obtained
from CSIRO, Australia.

k. et

Fig. 1. Study sites



All the experiments including nitrogen (N} and phosphorus (P) input and weeding were
conducted on a single factor basis at each of the sites. Dosage of N and P were
determined based on a previous study conducted by the Kerala Forest Research Institute
(Balagopalan er a/., 1998). The experiments were laid out in a randomized block design
with four replications. Plot size was 20 x 20 m with trees in 2 X 2 m spacing (2500

1% rotation

stems ha''). Details of the experiments and treatments applied in the
plantations are provided in Table 2. Among the experiments, N input and weed
management gave significant improvement in productivity of both the species. Hence,
the residual effect on productivity of coppice crop was evaluted from these

experimental plots at the two sites.

Table 2. Experiments and treatments in the 1* rotation plantations

Experiment Treatment Description
NoPs Control (neither N nor P fertilizer added)a
Ny, (Np) 0 nitrogen input (supplemented with Py}
Nitrogen . 7 A N
fertilizer Nig (No) 18 kg N ha
is u; Neo (N3) 60 kg N ha
P Nogy (N2 187 kg N ha
Ns7s (Ns) 375 kg N ha"!
St Control (initial dose of fertilizer only)’
Py (P 0 phosphorus input {supplemented with Ny)
- -1
Phosphorus Py (P2) 63kgP hi
fertilizer Py (P3) 21 kg P ha
input Ps; (Po) 63 kg P ha
Py (Ps) 131 kg P ha'!
Weed NW Control (no wepdmg)
! CWw Complete weeding
management
NoS Control (all harvest residues removed)’
Harvest residue SS Single slash (normal residue load)'
management DS Double slash’
{organic matter L Leaf slash'
manipulation - BS Burn with initial dose of fertilizer'
{OM) B Burn (all residues burnt)

"Treatments received an initial dose of fertilizer at the establishment stage (42.4 kg N ha'', 18.5 kg P ha'!
and 23 kg K ha plus trace elements). Initial application of P @ 63 kg ha'! (P intheN experiment

w e . . 5 . .
except NPy, Initial application of N @ 187 kg ha™ (N.) in the P experiment except St.

Source: Sankaran ¢ al (20060}



2.3. Plantation management

The first rotation crop was harvested during 2005 at the age of 6.5 years. The
plantations were then weeded and stumps of both E. tereticornis and E. grandis were
cleaned in order to encourage coppicing. New sprouts emerged from the stumps within
one week after harvest. Excess coppice shoots were physically removed to retain three
shoots in the first year and then to a single stem in the second year. Coppice shoots were
retained at windward side of the stumps in order to prevent wind throw. The shoots
arising from the top cut portion of the stump were retained wherever possible. The
retained healthy leading shoots were marked for monitoring growth. The experimental
sites were maintained by weeding and removal of excess coppice sprouts. Weeding was
carried out twice a year during July-August and November-December. No additional
cultural operations were carried out in the coppice growth. Data on growth were

recorded form these experimental plots at periodic intervals.

2.4. Measurement of growth

Each replicate plot {20 x 20 m) contained 100 trees at 2 X 2 m spacing in ten rows. The
outer two rows were regarded as buffer zone trees and the six inner rows as
measurement trees (Fig. 2). Buffer zone trees were excluded from measurements in
order to rule out any possible border effect from the adjoining treatment plots. Height
and GBH of coppice shoots were recorded from the measurement shoots at six-monthly
interval from 12, 18, 24, 30, 36, 42 and 48 months after the harvest.

36 measurement trees

(4 k.

64 buffer zone trees 2 %2 m spacing

Fig. 2. Plot pattern and position of measurement trees
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2.5. Estimation of conical volume and stand volume

The tree volume was determined using data on girth at breast height (GBH) and tree
height. The stand volume was estimated as sum of the tree volumes, expressed per ha.
The volume of each stem (over bark) was calculated as volume of a cone treating the

tree as a cone. Conical volume (CV) of each tree was derived from the formula

Yir'h
where, h = height of the tree in cm measured by hypsometer

r = radius of the tree at the base derived from girth measured at breast
height (GBH)

A correction factor was applied to the GBH value in order to get the radius at the base
point. This was calculated by the following equation
height
height -137
The formula, %z+*h was modified by incorporating the above correction factor.
(r h ((GBH/7) (W (h-137))) )
12

Since the spacing provided in the plantation is 2 x 2 m, area of the plot with 6 rows of
measurement trees will be 144 m?. Tree volume per ha (m’ ha'') was calculated as

follows.

(Sum of Conical Volume of trees in em’ + 10006000) + 144 x 10000

Sum of CV of trees in cm’

ie, 14400

2.6. Statistical analysis

Statistical analysis (ANOVA) of treatment effects was carried out on mean values of the
stand volume using the software SPSS. Stand volume of 1¥ and 2™ rotation crops were
compared and statistically analysed to test significant difference between them by

MANOVA procedure in SPSS through the following model.



Vg = U T O T & +5; +yi; e
where Vik is the observation on ith replication in the ith treatment at jth rotation.
(i=1,2....6; in the case of weed management /=1,2)
=1,2; k=12,34
i is the general mean,
&, is the effect of ith level of treatment,

B; is the effect of jth level rotation,
¥y; is the interaction effect of the ith level of the treatment and jth level of
rotation.

In the model, the random component &; ; are assumed to be independently and normally

distributed with mean zero and variance ;. The above model was implemented after
taking log transformation.



3. Results and discussion

3.1. Residual effect of nitrogen input on second rotation coppice crop

Mean stand volume of the coppice crop of E. fereticornis and E. grandis is given in
Tables 3 & 4. Statistical analysis of the growth data revealed that nitrogen fertilizer
added in the first rotation had no significant residual effect on coppice growth in
plantations of both the species (Tables 5 & 6). Stand volume of coppice crop between

treatments was also found to be insignificant.

The highest growth in coppice crop was recorded from plots which received Nig
treatment in E. fereticornis plantation up to 48 months (till the growth was measured).
This was followed by Nig7, No, Ni7s and Ngo in the decreasing order up to 24" months of
growth of the coppice crop. The trend in growth response during the 30" month was in
the order of Nis, No, Nig7 and Nass respectively. The treatment Ngo showed poor growth
during 30, 36 and 42 months of growth. During 36" and 42™ months, the growth
response was in the order Nyg, Nig7, Ny and Nizs. At the end of 48" month, growth
response was in the order Nyg, Ny and Nyg7; the stand volume in Ngg and Ni75 was lower
than control. In E. grandis, maximum growth of coppice crop was found in Niss
treatment plots followed by Nis7, Nis, Nsg and Np in the decreasing order. Generally, the
response 1o N addition was more in the plots of E. rereficornis which received a dosage of

18 kg N ha’ and in E. grandis plots with 375 kg N ha” compared to other dosages.

Table 3. Mean stand volume (m’ ha'') of second rotation E. tereticornis plantation in the plots of
different dosages of nitrogen fertilizer input

Age Treatment

{months) NoPo Ng Nyg Ngs Nisz Nszs
12 5.47 6.22 6.88 5.73 6.60 5.83
18 7.89 8.51 9.76 7.91 8.77 8.14
24 10.24 11.30 12.77 10.62 11.59 10.95
340 16.16 17.60 19.72 15.94 17.52 17.03
36 20.72 22.44 2538 20.19 23.01 22.27
42 2531 26.93 31.60 2421 27.12 26.81
48 36.26 36.84 43.02 32.75 36.45 36.20

Note: NoPy - control fno N or P added); Ny - zero nitrogen input; Ny - 18 kg N ha'; Ngo - 60 kg
Nha': Nisy-187kgNha'; Nyss- 375 kg N ha’ (treatments applied during the 1" rotation)
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Table4. Mean stand volume (m’® ha'') of second rotation E. grandis plantation in the plots of
different dosages of nitrogen fertilizer input

Age Treatment

{months) NPy Ny Nig Nso Nig7 Nsqs
12 3.77 4.10 437 434 4.82 546
i8 6.53 6.96 7.50 7.37 8.41 9.55
24 12.47 13.46 14.22 13.61 15.93 18.37
30 29.54 25.68 31.47 30.02 31.76 37.20
36 40.41 41.33 42.99 40.61 43.33 49.83
42 55.30 58.19 60.13 57.37 64.35 71.93
48 58.10 65.42 72.12 60.63 76.49 80.66

Note: as above.

Table 5. F- values and significance levels corresponding to treatment source of variation in
stand volume of second rotation E. tereticornis plantation

Age Experiment

{months) N Weeding P OM
12 0.770™ 7.288" - -
18 0.659™ 6.680" - -
24 0.610™ 4.087% - -
30 0.586™ 2.398% - -
36 0.755™ 2.446™ - -
42 0.946™ 2.279% - -
48 0.674™ 2314 1.205" 1.404™

Note: ns — non-significant; = - significant at P < 0.05. N — nitrogen input; Weeding — weed
management,, P — phosphorus input; OM — harvest residue management

Table 6. F- values and significance levels corresponding fo treatment source of variation in
stand volume of second rotation E. grandis plantation

Age (months) Ex;?enment

N Weeding P oM
12 0.970™ 5.478% ; i
18 0.675" 5.397™ _ ]
24 0.579™ 5361™ . )
30 0.351™ 4.182" - )
36 0.327™ 3.228™ . i
42 0.432™ 0.308™ ) )
48 0.213™ 1.082% 1.107™ 0.143"

Note: ns — non-significont; N — nitrogen fertilizer input; Weeding — weed management;, P —
phosphorus fertilizer input; OM— harvest residue (organic matter} management
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3.2. Comparisen of 1 and 2™ rotation productivity in N input plots

Stand volume of the coppice crop of second rotation E. feretficornis (Table 3) when
compared with that of first rotation showed wvariation in residual effect of nitrogen
treatment between rotations. Figure 3a-e shows that the stand volume of first and second
rotation E. tereticornis plantation had comparable growth upto 12 months. This suggests
a residual effect of N in these sites for 12 months of coppice crop and additions of
nitrogenous fertilizers before the lapse of this period may boost the rate of tree growth.
There was a general increase in vield with levels of N upto Njg7 + Py in the first rotation
and the trend got reversed in N37s + P4. The yield reduction in N37s + P, may be due to a
disproportion between N and P at higher doses of N (as P was applied at a constant rate

of 63 kg ha' for all N levels).

Stand volume of the second rotation coppice crop showed an increase in control (NoPg),
Ny and Nig treatment plots at the age of 12 months over the first rotation. However,
stand volume was lower in treatments Neso, Nig7 and Ni7s of the coppice crop compared
to the first rotation. At the age of 18" month, stand volume in control plots of second
rotation slightly increased whereas, the other treatments were lower than the first
rotation. During the other measurement periods, the second rotation coppice crop of E.
tereticornis in all the nitrogen treatments showed a lower stand volume than the first
rotation. Stand volume of the second rotation E. grandis when compared with the first
rotation (Table 5, Figs. 4a-e) showed an increased growth over the first rotation in
control treatment, Ny Ny and Ngg treatments during 12" month. However, treatments
with Nig7 and N375 showed a lower growth when compared to the first rotation. At the
18" month, stand volume increased only in control and N treatments in the second
rotation crop. In all other cases, the second rotation crop had lower stand volume

compared to the first rotation.

The overall productivity of the E. tereticornis coppice plantation during 4™ vear was 9-
11 m*ha' yr'', whereas in E. grandis plantation it was 15-20 m” ha”’ yr''. Productivity in
the second rotation E. fereticormis plantation with respect to different nitrogen
treatments was inconsistent as in the case of the first rotation. However, in the second
rotation E. grandis, the productivity generally increased with respect to treatment levels.
The mean annual increment (MAI) of second rotation in E. tereticornis (19-59%) and E.

grandis (18-48%) was lower than that of the first rotation. It is thus clear that nitrogen

i1



applied in the first rotation was not available to the seond rotation coppice crop. The
overall stand productivity in N plots in the first rotation was significantly higher than

that in the coppice crop (Table 10).
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Fig. 4. Comparison of stand volume of first and second rotation E. grandis
plantations in nitrogen experiment

Productivity of E. tereticornis across India is ranged from 4 to 18 m® ha” yr' (Ajith
Kumar, 2001). In E. grandis, on an average, it is to the tune of 20-27 m’® ha’ yr'.
However, studies done elsewhere have shown that through proper site management
practices, including nutrient input, the productivity of E. grandis plantations could be

improved from 10 to 70 m® ha ' yr' (FAQ, 2006; Gongalves et al., 2008). According to
13



Gongalves ef al. (2004), nitrogen and phosphorus are the two major nutrients which
influence the productivity of eucalypt plantations. Responses to fertilizer inputs will
vary between and among the sites, suggesting the inherent differences in the nutrient
availability and characteristics of soils. In our previous study on the first rotation,
nutrient input significantly improved productivity of both E. fereticornis and E. grandis.
Nitrogen fertilization in E. tereticornis and E. grandis plantations in the first rotation
enhanced productivity by about 23 to 60 and 51 to 81%, respectively compared to
controls (Sankaran er o/, 2008). Sharma ef of. {1986) reported that when a combination
of urea and super phosphate (75 g each per plant) was applied to one-year-old E.
grandis growing in a severely degraded soil, there was a 16-fold increase in the above-
ground biomass. Similarly, Balagopalan and Rugmini (2003) also noticed a significant
increase in tree volume in a 3-year-old E. fereticornis plantation when NPK was added

in the ratio 30:30:15 g per tree.

3.3. Residual effect of weed management in the 2™ rotation crop

Stand volume of coppice crop of E. fereticornis and E. grandis in the weed management
plots is given in Table 7. A significant (P<0.05) residual effect of weed management
was evident till the age of 18 months in the coppice crop of E. fereticornis. This effect

was found to be non-significant therefter (Table 5).

Stand volume of second rotation coppice crop was higher in the fully weeded plots of £.
tereticornis compared to unweeded plots throughout the 4 yrs. However, the effect was
not significant after 18 months clearly, due to the fact that the weeds were not retained
in the unweeded plots in the coppice crop since our aim was to understand the residual
effect of weed management in the first rotation. Eitherway, the study indicated that
weed management has profound effect on the growth of the second rotation crop as
well. In E. grandis, the effect of weeding was significant only during the intial stages of
growth in the first rotation. The result was similar in the coppice crop also. Stand
productivity at 48 months in the fully weeded treatment plots of second rotation E.
tereticornis plantation was 7 m> ha yr”’ which is around 46% more than that in the un-
weeded plots. However, the productivity of first rotation seedling crop was 14 m® ha™' yr
' (139% more in fully weeded plots over un-weeded polots). The productivity in weeded
treatments of E. grandis coppice crop was 13 m’ ha” yr'' whereas of first rotation

seedling crop was 24 m’ ha” yr'’.



3.4. Comparison of 1* and 2™ rotation productivity in weed management plots

Figures 5 and 6 depict stand volume of first rotation seedling crop and second rotation
coppice crop grown in the weed management plots. Stand volume in the un-weeded
plots of 12~-month-old E. fereticornis coppice crop was around 26% more than that in
the first rotation. The increase was 25% in 12-month-old E. grandis plots in the similar
situation, Later, with the increase in age, the stand volume in un-weeded plots of
coppice crop was lower compared to the first rotation crop of both the species. Stand
volume of coppice crop in the fully weeded plots of both the species was lower than the
first rotation at all stages of growth. The increase in stand volume in un-weeded plots of
coppice crop in the first year is evidently due to weed removal before commencing the
experiment. Weeding effect was highly significant throughout the growth period in the
first rotation seedling crop of E. fereticornis (Sankaran er af., 2004, 2008, 2012).
However, the effect of weeding was not significant in the first as well as second rotation
E. grandis plantation. The stand volume of the first rotation crop in the weed

management plot was significantly higher than that in the coppice crop (Table 10).

Table 7. Mean stand volume (m” ha™') of coppice crop of eucalypt plantations in the
weed management plots

Age E. tereticornis E. grandis

(months) NoW CWwW NeW CW
12 2.47 522 5.30 3.46
i8 341 6.90 8.90 5.75
24 5.17 9.30 17.55 10.83
30 9.08 1348 3473 22.90
36 11.87 17.53 46.81 32.21
42 14.22 20.85 60.82 46.78
48 19.34 28.00 66.26 5147

Note: NoW — control treatment for weed management (no weeding); CW — complete
weeding (treatments applied during the 1 rotation)

Weeds usually compete with trees for site resources and water, and adversely affect tree
growth. An investigation in Pinus radiofa plantations of South Australia revealed that
weeds directly compete with trees for nitrogen, and thereby aggravate nitrogen
deficiency (Smethurst & Nambiar, 1989). Increase in diameter of trees in E. grandis

plantations of New South Wales in response to weeding was reported by Wilkins (1990).
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According to Glover and Zutter, (1993), weed control helps substantial gains in
survival, individual tree growth and stand yield in forest plantations. Results of the
studies conducted by Little ez a/. (2003) in plantations of EFucalyptus hybrid clone (E.

grandis X E. camaldulensis) in South Africa also agree with the above observation. Data
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on stand volume of the first rotation crop in the present study revealed that weed control
alone can double the productivity of £. tereticornis plantations in Kergla (Sankaran ef
al. 2008 & 2012). Comparable results were obtained for Pinus taeda in Georgia, USA
where a combination of weeding and fertilizer inputs in plantations resulied in the

production of 180 t ha”' of stem biomass in 15 years, which is about twice the
17



productivity than that of control stands (Borders er al., 2004). All these studies point to

the fact that weed control significantly improves productivity of forest plantations.

However, in E. grandis plantation, weed control did not significantly affect stand
volume except for early in the rotation. This can be ascribed to the fact in E. grandis
plantation, the canopy closes within 2 yrs of growth and shading effectively suppresses
weed growth and as such weed growth was insignificant. Conversely, E. tereficornis
develops a sparse crown cover which allows greater light penetration to the soil surface

and promotes weed growth (Pillai ef al., 2012, in press).

3.5. Residual effect of P input on coppice crop

Stand volume of 48-month-old coppice crop of Eucalyptus maintained in the P input
plots is shown in Table 8. Stand volume of the coppice crop varied between P
treatments and the MAI ranged between 7-10 and 12-21 m° ha” yr'’ respectively, for E.
tereticornis and E. grandis plantations. The higher stand volume of coppice crop of E.
grandis at Py3; + Nyg7 (Table 8; Fig. 7b) than all other treatments (both N and P) also
indicates a positive influence of N/P balance in improving stand yield. However, growth
differnces in coppice crops were not signficant between treatments indicating that there
was no residual effect of P applied in the first rotation (Tables 5 & 6). It may be noted
that P fertilizer input significantly improved productivity of both E. fereticornis and E.
grandis plantations in the first roation (Sankaran ef al., 2008). Productivity of the P
plots differed significantly between rotations with the first rotation having significantly
higher productivity than the coppice crop (Table 10) (Figs. 7a & b). Enahnced
productivity of forest plantations in response to P application has been reported by
several workers (Balagopalan & Rugmini, 2003; Du Toit ef @/., 2008; Vu Dinh Huong
et al., 2008).

Depletion of site nutrients is likely to affect growth in future rotations of the site unless
nutrients are replenished (Sankaran er al., 2004). Xu et al., (2008) reported a similar
experience in China where the coppice crop of E. urophylla showed lower productivity
compared to the first rotation seedling crop. But, coppice trees grew better than re-
planted trees when NPK fertilizer was applied. It was shown that well-developed root
system helps the coppice to utilize soil nutrients effectively and thus better growth.
These studies indicate that nutrient input in coppice crop will give higher productivity

than the first rotation seedling crop.



Table 8. Mean stand volume and MAI of 48-month-old coppice crop of eucalypts

applies with different dosages of P in the 1 rotation.

E. tereticornis E. grandis

Treatment Stand volume MAI Stand volume MAI

(m’ha™) (m’ ha' yr') (m’ ha"} (m’ha’ yr'")
St 26.09 6.52 42.04 10.51
Py 29.95 7.49 53.95 13.49
Py 34.57 8.64 49.63 12.41
P 38.74 9.69 56.14 14.03
P 31.49 7.87 47.39 11.85
P 28.04 7.01 82.68 20.67

Note: St - control for P experiment (Initial dose of fertilizer only); Py _zero phosphorus input; Pj
63kgPha’: Py 21kgPha’; Ps-63kgPha’; Py -131kg P ha’
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Fig. 7. Comparison of stand volume of 48-month-old 1¥

P experiment

rotation and coppice crop in

Absence of treatment effect across plots treated with different levels of P (in the first
rotation) in the coppice crop indicates lack of residual effect. However, further studies
involving different combinations of N and P is required to establish conclusive results in

this direction.

3.5. Residual effect of harvest residue management (OM) on coppice crop

Stand volume of 48-month-old coppice crop of Eucalyptus grown in the plots of harvest
residue management (OM) is given in Table 9. The results showed that residual effect of

slash management in the coppice crop of E. fereticornis and E. grandis crop was not
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significant (Tables 5 & 6). The first rotation crop at these sites also had a minimal effect
on productivity due to harvest residue retention (Sankaran ef al., 2008). However,
productivity of the first rotation crop in these plots had significantly higher productivity

compared to the coppice crop under both the species (Table 10, Figs. 8a & b).

Jones et al. (1999) reported that retention of harvest residues at the site after harvest is
important for ensuring soil fertility and improved productivity of later rotations. It helps
nutrient retention in the soil and protection of soil structure. O’Conell er al. (2004)
reported that retention of harvest residues will favour the conservation of N following
logging for a short period. Increase in nitrogen and organic carbon in the surface soil
and improved plantation productivity due to slash retention has been reported by others
(Tiarks & Ranger, 2008; Vu Dinh Huong er 4/, 2008; Xu er 4/, 2008). However, some
other studies have shown that slash management has no significant impact on plantation
productivity (Du Toit ef a/., 2008; Mendham e? al., 2008). Decrease in growth response
of trees to residue management is a general pattern when the soil fertility is very high,
and the main processes that influence growth response to harvest residue management is
related to soil microclimate and soil nutrient availability (Deleporte ef al., 2008). It also
depends on the volume of slash available and retained in the plantation. Accumulation
of soil mineral N following harvesting due to reduced plant uptake will result in
leaching of N early in rotation and thereby fail to sustain the effect during later phases
(Van Drecht et al., 2009). These results need not preclude slash retention in eucalypt
plantations since enhancement of site nutrients is a long term process expected to be
achieved through this silvicultural intervention and it depends on several factors as

discussed above.

Table 9. Mean stand volume and MAI of second rotation eucalypt plantations in the
plots of harvest residue management (OM) during 48" month

E. tereticornis E. grandis

Treatment Stand volume MAI  Stand volume MAI
(m’ha™) (m*ha” yr'h) m>ha’) (m’ha’ yr'h)

NoS 26.52 6.63 61.33 15.33
SS 4373 10.93 75.19 18.80
DS 47.55 11.89 66.31 16.58
L 37.25 9.31 72.31 18.08
BS 32.38 8.09 70.27 17.57
B 40.23 10.06 75.95 18.99

NpS - control {no slash); S5 - single slash; DS - double slash; L - leaf siash only; BS - Burn with initial
dose of fertilizer; B - Burn {all residues burnt); (treatments applied during 1" rotation)
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Fig. 8. Comparison of stand volume of 48-month-old 1¥ and 2™ rotation eucalypt
plantations in OM experiment

In general, comparison between the first and second rotation crops showed that the stand

volume of second rotation coppice crop was significantly lower than that of first rotation

seedling crop (Table 10). Our observations reveal that this low productivity was due to a

significant reduction in the number of trees in the coppice crop of both the species due

to mortality of parental stumps.

Table 10. F value and levels of significance with respect to stand volume
between 1% rotation and coppice crop in E. fereticornis and E.
grandis plantations

Species Seurce of N input Weed Pinput  Harvest residue
variation manageme management
nt _ (OM)
E. tereticornis Rotation 167.69" 47.6077 503757 514177
E. grandis Rotation 278977 25827 757277 60.52""

< (.001, **p<0.01, *<0.05, ns=non-significant

3.6. Coppice management

A number of coppice shoots sprouted one week after harvest. Retention of more shoots
usually leads to poor growth, so it was reduced to original stocking in two operations
(Plate 1), Increment of stand volume of the coppice crop after shoot reduction each time
is depicted in Figures 9 and 10. Table 11 represents significance levels of volume
increment between first and second coppice reduction in eucalypt plantations.
Significant increase in stand volume was found in Nig7 treatment plots of E. fereficornis

plantation and Ns7; and NoW treatment plots of E. grandis piantation.
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a

PLATE 1 . Coppice shoots and its different stages of growth after each coppice
reduction; a. 2-month-old coppice; b. Shoot reduced to 3 at 1 year after harvest on
stump side; ¢. Shoot reduced to 3 at 1 year after harvest on stump top; d. Shoot
reduced to 1 at 2 year after on stump side; e. Shoot reduced to 1 at 2 year after harvest
on stump top; f. 3-year-old coppice shoot on stump side; g. 3-year-old coppice shoot
on stump top growing as true stem; h. Wind fallen coppice shoot from stump side
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Reduction of multiple coppice shoots to a single stem helped to avoid butt sweep
formation. The singling out of the coppice stems also enables all the site resources to be
utilized by the single shoot. According to Archibald (2002), coppice should be reduced
to 1-3 shoots per stump when they are about 2 m height. Little and Gardner (2003)
noted that it would be advantageous if the number of coppice shoots is reduced to equal
mother stumps. Coppice shoots that were retained on the windward side were less liable
to wind throw. Shoot retained on top of the stump got wrapped up by callus over a
period of time. The shoot, thus formed continued to grow as a true stem with firm
attachment to the stump and this could withstand wind shear (Plate 1g). Shoot retained
on one side of the stump which grows as a separate stem from the stump will usually be

with weak attachment, and susceptible to wind damage (Plate 1f & h)

Table 11. F value and levels of significance with respect to % volume increment
between 15t and 274 coppice reduction in euclaypt plantations

Treatments E. tereticornis E. grandis
NoPsg 2.617" 0.093™
N, 3.315™ 0.130™
Nis 5.281™% 0.386™
Noo 0.920™ 0.012%
Nig7 19.676" 1.565™
Nios 1.754™ 5.903"
Now 1.407% 18.2437
CwW 2.420™ 1.209%
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According to Luna (2005), during the first three to four years, coppice shoots grow fast
at the rate of 2 to 3 m per year and thereafter growth is at par with the seedling crop.
The height and the diameter of coppice shoots were significantly higher in the stumps of
larger diameter. By reducing the multiple coppice shoots to a single stem, though the
number of stems and possibly the stand volume got reduced, there was no formation of
butt sweep that affects the pulpwood quality. When two or more shoots are retained, the
shoots will usually bend at the bottom and this result in the formation of reaction wood.
When reaction wood is formed it affects the wood density and influenced characteristics
of fibres associated with them which are undesirable qualities for paper pulp (Kaeiser &
Boyce, 1964).

The decision to reduce the coppice into a single stem (second coppice reduction) during
the present study was to avoid the formation of reaction (tension) wood when more than
one stem is retained. The study indicated that coppice reduction indirectly affects stand
volume. Here, the option is left to the plantation manager whether to choose a higher
stand volume by retaining more stems or to ensure pulp quality by retaining a single
stem. If the former is important, the coppice shoots should not be reduced from three
per stump. The stump diameter is a useful indicator to schedule the felling of any
coppicing species and the stem diameter is positively correlated with growth of coppice
shoot (Boivin-Chabot ef al., 2004). This study has also shown that coppice removal has
a positive effect on volume increment and it need be practiced as a routine silvicultural

practice in 2™ rotation eucalypt plantations.
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4, Conclusions

The study indicates that, in general, the treatment effects due to nitrogen and
phosphorus fertilizer and slash and weed management (applied in the first rotation) were
not significant as a residual effect in the second rotation (coppice) plantations of E.
tereticornis and E. grandis in Kerala. It implies that silvicultural inputs will have to be
repeated and continued for improving productivity of the subsequent rotation of
cucalypt plantations. It is also evident from this study that though retention of three
stems in a stump in a coppice growth enhances stand productivity, it affects pulping
quality of wood by formation of reaction (tension) wood. So, if the pulping quality is
the concern, it is advisable to retain only one stem per stump. The option is left to the
plantation manager. In any case, reduction of stems in a stump (up to 3) in a coppice
crop is a silvicultural practice which must be practiced regularly to ensure maximum

yield.
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