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Abstract: The main objective of the present study was to investigate the effects of
different levels of shade and water availability on tree seedling growth and on some
related physiological parameters. The five tree species were selected to represent
two early successional species (i.e. Alstonia macrophylla and Acacia auriculiformis),
two late-successional species (i.e. Artocarpus heterophyllus and Terminalia arjuna)
and one dry zone species (i.e. Azadiracta indica). Even-aged seedlings of the tree
species were grown in pots in a plant house under three levels of artificial
shade,i.e. open, medium (40% shade) and high (70%) shade, and two water
regimes, i.e. well-watered and water-stressed up to temporary early-morning
wilting, during the period from 27 May to 10 November, 1998.

Both absolute and relative biomass gain of tree species during the
experimental period decreased significantly with increasing shade. Alstonia had
the highest relative growth rates under all shade x water regime combinations
whereas Azudiractu had the lowest. Significant inter-npacies variation was shown in
leaf water potential (1), Jeaf stomatal conductance (g), leaf chlorophyll (LCC),
nitrogen (LNC) and potassium (LPC) contents under all shade x water regime
combinations. Water stress decreased biomass gain, LCC and g, and increased
LNC. Increasing shade decreased g and leaf weight ratio, but increased root weight
ratio under both water regimes. However, there were significant shade x water
regime interaction effects on LCC, LNC and W. Both absolute biomass gain and
relative growth rate (RGR) bad significant positive correlations with ¥, g, and
LCC but were not correlated with LNC or LPC. Multiple regression analysis
identified ¥ and g, as the factors which contributed most to the observed variation of
absolute biomass gain and RGR.
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INTRODUCTION

Significant deforestation has reduced the closed-canopy forest cover in Sri Lanka
from around 80% in 1880 to 22% in 1995 (Forest department, personal
communication). Although most deforestation in recent times has occurred in the
dry and intermediate zones, even a smaller degree of deforestation in the wet zone
can have greater ecological and environmental impacts.! Therefore, there is an
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urgent need to increase the existing forest cover through reforestation and
supporting natural regeneration. Proper selection of tree species is important
for this process. Hence, the present paper evaluates the growth and its
physiological basis of some selected tree species at seedling stage.

Seedling survival and growth within a forest is determined to a large extent
by the environmental conditions.? The degree of shade created by the canopy is a
key parameter as it determines the amount of radiant energy available for
photosynthesis in growing seedlings.” In general, pioneer and early-successional
species require high light levels to maintain a positive carbon balance in their
seedlings while the late-successional and climax species are able to survive more
shaded conditions.* Even for these climax species, high light intensities provided
through occasional sunflecks play an important role in maintaining a positive
carbon balance.®"

Soil water also is a key parameter in seedling survival and growth because
of the sensitivity of photosynthesis to water availability. Water stress inhibits
photosynthesis through both stomatal and non-si.omatal (i.e. biochemical)
effects.” Stomatal effects of water stress occur due to the reduction of stomatal
conductance (i.e. partial closure of stomata) and the consequent reduction in the
influx of CO, into the leaves which decreases the photosynthetic rate.® On the other
hand, non-stomatal effects of water stress involve substantial reduction of reaction
rates in different steps of the Calvin cycle.” Moreover, a low water balance within
the plant causes a reduction in cellular turgor which inhibits several other
physiological processes responsible for plant growth such as synthesis of cell
wall material and cellular expansion.*®

In conditions found within natural forests, there is likely to be an
interaction between the effects of shade and water availability on the survival and
growth of different forest tree species. For example, it may be possible for a given
tree species to tolerate a higher degree of water stress under shaded conditions
because of lower transpiration rates. On the other hand, growth can be accelerated
when open conditions coincide with greater water availability. In addition, the
inherent difference between early- and late-successional species in their
preference of open or shaded conditions,** introduces a further factor which
complicates the understanding of the physioclogical basis of tree growth in a natural
forest. Disentagling the individual effects of the above complicating factors require
measurements under controlled conditions as specific shade and water treatments
cannot be imposed under natural forest-growing conditions.

The present study was done to compare the effects of different levels of
shade and water availability on biomass production and on selected physiological
and morphological parameters in five tree species representing both early- and
late-successional groups and wet zone/ dry zone species groups.
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METHODS AND MATERIALS

Experimental location : The experiment was conducted at the rain-sheltered plant
house at the Faculty of Agriculture of the University of Peradeniya from May to
November, 1999. The experimental site is located at an elevation of 479.9 m in the
mid-country wet zone.! The ambient mean temperature was 26-28'C and the mean
relative humidity was 75-80%.

Planting matertal and plant establishment : Even-aged, uniform seedlings of five
tree species (Acacia auriculiformis, Alstonia macrophylla, Artocarpus heterophyllus,
Terminalia arjuna and Azadiracta indica) collected from nurseries were used. Among
these, Acacia and Alstonia are considered as early-successional species whereas
Artocarpus and Terminalia are considered as late-successional species. Azadiracta
is a species specially adapted to grow in the dry zone whereas the others are more
suited to the relatively more moist conditions found in the wet zone. Seedlings
were established in plastic pots which were of 20 cm diameter and 15 kg capacity on
23 May 1998. The soil used was a mixture of top and sub-soil obtained from the
experimental site and belonged to the great group Red Yellow Podzolic.”

Experimental treatments: The treatment structure was a three-factor factorial
arranged in a strip-plot design.'? The main plot consisted of three levels of shade
imposed by green, plastic shade netting. The three shade levels were termed ‘opern’,
‘medium-shade’ and ‘high-shade’. The open treatment was covered only by the
transparent polythene roof of the rainshelter and received 90% of incident
radiation. The medium shade treatment was created with one layer of shade
netting and received 60% of incident radiation. The high shade treatment had two
layers of shade netting and received 30% of incoming radiation. Within each
shading level, the five tree species and two water levels were completely
randomized. One of the two water levels represented a ‘well-watered’ treatment
which was irrigated daily and was maintained with a non-limiting supply of water.
The ‘water-stressed’ treatment underwent repeated drying cycles during the
experimental period. During a drying cycle, water was withheld until a plant showed
temporary wilting symptoms early in the morning. With the onset of wilting
symptoms, the respective plants were watered up to 50% of available water (i.e.
the difference between pre-determined soil water contents at field capacity and
permanent wilting point). There were two replicates of main plots and within each
main plot there were six replicates for each species x water level combination. The
treatments were imposed on 27 May 1998.

Plants were maintained free of pests and diseases. No organic or inorganic
fertilizers were added during the experimental period.
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Measurements: Initial measurements: At the beginning of the experiment, dry
weights of leaves, stems and roots were measured by destructive sampling of
two plants per treatment combination. Dry weights were obtained by oven-drying
the respective plant parts at 80°C to a constant weight. Dried leaf samples were
then ground and used for nutrient analysis.

Leaf stomatal conductance (g): Leaf stomatal conductance (g,) was measured on
three days (27 August, 03 September and 29 September 1998) during the
experimental period using an automatic diffusion porometer (Delta-T Devices, UK).
At these times, the water-stress treatments of all plant species were at an
equivalent stage in the middle of their drying cycles. The porometer was calibrated
at the beginning of each day of measurement. Measurements were done between
1200 and 1400 hours when the effects of water stress on g, was expected to be
greatest. Both the upper- and lower-surface conductances were measured and the
total Jeaf conductance was obtained by summing the conductances of the two sides.
The first fully-expanded leaf was used for measurements. Four replicate
measurements were taken in each treatment combination.

Leaf water potential (¥): Water potential of fully-expanded, young leaves were
measured using the pressure chamber.’ LWP measurements were carried out on
three days (28 August, 04 September and 30 September 1998) on the days
immediately following the three stomatal conductance measurements. Two
replicate measurements were done in each treatment combination. Measurements
were made immediately after excision of leaves while taking precautions to
minimize possible errors. !

Leaf chlorophyll and nutrient contents: Leaf chlorophyll was extracted by acetone
(80% v/v) and absorbance of the extracted solution was measured by the
spectrophotometer at 645 nm (for chlorophyll a) and 663 nm (for chlorophyll b)
wavelengths.' Total chlorophyll content was computed by adding the contents of
chlorophyll a and b.

Final measurements: Plants were destructed for final biomass measurements
on 10 November 1998. Dry weights of leaves, stems and roots were measured as
described before. Biomass gain during the 167-day experimental period was
computed as the difference between the final and the initial biomass values.
Relative growth rate (RGR) during the experimental period was computed as:

(log W,- log W)
RGR =

t
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where, W, and W, are the final and the initial total dry weights and t is the
experimental duration (i.e. 167 days). Gain in leaf weight ratio (LWR) was
calculated as the ratio between leaf dry weight increase and total dry weight
increase' during the experimental period. Similarly, increase in root weight ratio
(RWR) was computed as the ratio between the gains in root and total dry weights.

Leaf nitrogen content was measured by the micro-Kjeldahl method.”” Leaf
potassium content was measured by the dry ash method using the flame
photometer.*®

Data analysis: Significance of treatment differences were tested by analysis of
variance and mean separation was done by using the least significant difference.”
Strengths of the relationships between biomass gain and the measured leaf
characters were analyzed by multiple correlation analysis.’* Contribution of each
of the leaf characters to the observed variation in biomass gain was estimated by
multiple regression analysis* using the stepwise regression procedure. The full
regression models used were,

W=a+bW+cg +d(LCC)+e(LNC)+ {(LPC) + error

RGR=a+bW¥+cg +d(LCC)+ e (LNC)+ {(LPC) + error
where W and RGR were absolute biomass gain and relative growth rate
respectively and b, ¢, d, e and f were the respective regression coefficients.
The contribution of each variable to the observed variation of W or RGR
was estimated by its partial R? value (i.e. the percentage of total sums of squares

explained by the variable being considered).
RESULTS
Total biomass gain

Analysis of variance (ANOVA) showed that all three factors examined (i.e. species,
shade and water) had highly significant (p<0.01) effects on total biomass gain
during the experimental period. Table 1 shows the growth of different tree
species under different shade and water regimes. When averaged across
different shade levels, Terminalia and Alstoniuv showed significantly greater
growth than the rest under both well-watered (WW) and water-stressed (WS)
conditions. In contrast, under both water regimes, Acacia and Azadiracta had the
lowest biomass gain while Artocarpus had intermediate levels. Within well-watered
conditions, growth under open conditions was significantly greater (p<0.05) than
that at medium or high shade which did not differ significantly (Table 1). Under
water stress, while maintaining the superior growth in open conditions, a
significantly greater biomass gain was shown under medium shade as compared to
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high shade. Water stress reduced the biomass gain of all species at all shade levels
and the overall growth under water-stressed conditions was significantly (p<0.05)
lower than under well-watered conditions.

Table 1: Increase in total biomass (g/plant) of different tree species under
varying shade and water regimes

Well - watered Water - stressed

Tree species
Open Med. High Mean" Open Med. High Mean"

Alstonia 2194 1094 10.27 1438 17.26 9.90 6.84 11.33
macrophylla A A
Artocarpus 6.21 5.02 4.37 5.20 6.90 2.60 3.08 4.19
heterophyllus B C
Acacia 3.13 1.00 0.95 1.69 2.09 1.12 0.88 1.36
auriculiformis C It
Azadiracta 5.70 1.78 2.24 3.24 2.93 3.33 1.90 2.72
tndico C D

Terminalia 21.94 12.16 10.22 1477 12,99 9.29 5.84 9.37

arjuna A B
Mean? 11.78  6.18 5.61 8.43 5.25 3.71
(Shade) a b b a b c

Mean (Water) 7.86 a 580Db

" Mean value for each species within cach water level
" Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

Absolute gains in leaf and root dry weights of the different tree species in
response to shade and water regimes (data not shown), showed a variation pattern
which was similar to that of total biomass gain. Tables 2 and 3 show the variations
in leaf weight ratio (LWR) and root weight ratio (RWR) under different shade and
water levels. There were highly significant (p<0.01) differences between species
and shade regimes for both LWR and RWR. However, both these parameters were
not affected significantly (p<0.05) by variation in water availability. Alstonia had
the highest LWR among the tree species tested under both well-watered and
water-stressed conditions (Table 2). On the other hand, Terminalia had lower LWR

7 7 7

under both water regimes W]'tfx Azac[iracta a(so having a very fow LWR under
water-stress. High shade reduced LWR significantly (p<0.05) under both water
regimes whereas LWR did not differ significantly between open and medium shade
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(Table 2). Highest RWR was shown by Terminalia under both water regimes
(Table 3). In contrast, the lowest RWR was observed in Artocarpus under
well-watered conditions and in Alstonia under water stress. RWR was significantly
lower under open conditions as compared to medium and high shade in both water
regimes. There was significant species x water regime interaction in both LWR and
RWR, with some species increasing these parameters and the other decreasing them
in response to water stress (Table 3).

Table 2: Increase in leaf weight ratio ( g g?) of different tree species under
varying shade and water regimes

Well - watered Water - stressed

Tree species

Open Med. High Mean" Open Med. High Mean’

Alstonia 0.38 042 0.27 0.36 0.35 0.36  0.43 0.38
macrophylla A A
Artocarpus 0.19 0.23 0.10 0.17 0.08 0.09 0.14 0.10
heterophyllus BC B
Acacia 0.30 0.25 0.08 0.21 0.40 049 0.11 0.33
auriculiformis B A
Azadiracta 0.12 043 0.19 0.25 0.11 0.08 0.06 0.09
indica B B
Terminalia 0.19 0.07 0.12 0.13 0.06 0.12 0.09 0.09
arjuna C B
Mean' 0.24 0.28 0.15 0.20 0.23  0.17

(Shade) a a b ab a b

Mean (water) 0.22 a 0.20 a

' Mean value for each species within each water level
" Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

Relative growth rates (RGR)

Because of the differences in initial seedling dry weights between different species,
RGR was computed as the biomass gain per unit of existing total dry weight.
Similar to the absolute gain in biomass, RGR also showed highly significant (p<0.001)
variation between species, shade and water regimes. Alstonic had significantly
(p<0.05) greater RGR under both water regimes (Table 4) while Artocarpus also



50 W.A.J.M. de Costa and M.F. Rozana

Table 3: Increase in root weight ratio (g g') of different tree species under
varying shade and water regimes

Well - watered Water - stressed

Tree species
Open  Med. High Mean®™ Open Med. High Mean'

Alstonia 0.20 0.44 0.44 0.36 0.22 0.34 0.24 0.27
macrophylla AB C
Artocarpus 0.37 0.19 0.19 0.25 0.31 0.42  0.38 0.37
heterophyllus B AB
Acacia 0.38 0.25 0.38 0.34 0.34 0.27 0.31 0.30
auriculiformis AB BC
Azadiracta 0.17 0.26 0.54 0.32 0.18 0.49 0.17 0.28
indica AB BC
Terminalia 0.36 0.49 0.53 0.46 0.31 0.32 0.77 0.47
arjuna A A
Mean’ 0.30 0.33 0.41 0.27 0.37  0.38

(shade) b ab a b a a

Meén (water) 0.34 a 0.34 a

" Mean value (or each species within each water level
T Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

had higher RGR levels than the rest of the species. In contrast, Azadiracta and
Terminalia had significantly (p<0.05) lower RGR under both water regimes. There
was a significant decrease of RGR with increasing shade under both well-watered
and water-stressed conditions. Water stress decreased RGR in all species under all
shade levels.

Leaf chlorophyll content (LCC)

There were highly significant (p<0.01) species, shade and water regime effects on
leat chlorophyll content. Alstonia showed the highest LCC under well-watered
conditions (Table 5) while Terminalia had the highest LCC under water stress.
In contrast, Acacia had the lowest LCC under both water regimes with Azadiracta
also having a lower LCC under water stress (Table 5). When averaged across
different species and shade levels, there was a significant decrease of LCC under
water-stress relative to that under well-watered conditions. Because of the
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significant shade x species interaction, LCC did not show a clear variation pattern
with increasing shade.

Table 4: Relative growth rate (mg g' d7) of different tree species under
varying shade and water regimes

Well-watered Water-stressed

Tree species
Open Med. High Mean" Open Med. High Mean"

Alstonia 11.03 7.76 7.46 8.75 9.84 7.34 5.85 7.68
macrophylla A A
Artocarpus 7.34 6.70 6.15 6.73 8.06 435 4.90 5.77
heterophyllus B C
Acacia 5.59 2.55 2.43 3.52 4.47 2.80 2.25 3.17
auriculiformis C . E
Azadiracta 3.92 1.51 1.85 2.43 2.32 268 1.60 2.17
indica CD D
Terminalia 4.22 2.70 2.34 3.09 2.85 2.16 140 2.14
arjuna D B
Mean’ 6.42 4.25 4.05 5.51 3.84 3.20

(Shade) a b b a b c

Mean (Water) 490 a 4.18Db

* Mean value for each species within each water level
t Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

Leaf nitrogen content (LNC)

There were significant (p<0.05) species and water regime effects on leaf nitrogen
content. Although the main effect of shade regimes on LNC was not significant at
p=0.05, effects of the two-way interactions shade x species and shade x water
regimes were highly significant. Under well-watered conditions, there was an
increasing trend of LNC with increasing shade (Table 6). However, the opposite
trend was observed under water-stressed conditions. Azadiracta had the highest
LNC under both water regimes (Table 6) whereas Acacia had lower LNC. When
averaged across different species and shade regimes, the mean LNC under water
stress was significantly greater (p<0.05) than that under well-watered conditions.
This increase in LNC in response to water stress was shown by all species
(Table 6).
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Table 5: Leaf chlorophyll content (mg g! leaf fresh weight) of different
tree species under varying shade and water regimes

Well - watered Water - stressed

Tree species
Open Med. High Mean" Open Med. High Mean’

Alstonia 052 040 0.51 0.48 0.23 0.44 0.45 0.39
macrophylla A B
Artocarpus 044 0.39 0.39 0.41 0.35 0.38 0.34 0.36
herterophyllus A B
Acacia 0.33 0.24 0.28 0.28 0.28 0.32 0.27 0.29
auriculiformis D C
Azadiracta 0.40 0.32 0.34 0.35 0.28 0.32 0.28 0.29
indica C C
Terminalia 041 0.27 0.52 0.40 0.54 0.38 0.43 0.44
arjuna BC A
Mean’ 042 0.32 0.40 0.35 0.36 0.35

(shade) a b a a a a

Mean (water) 0.38 a 0.35b

* Mean value for each species within each water Jevel
T Mean value for cach shade level within each water level
Means with the same letter ave not significantly different at = 0.05

Leaf potassium content (LPC)

Leaf potassium content showed highly significant (p<0.001) variation between
species, but was not significantly affected by either shade or water regimes.
Alstonia showed a higher LPC under both water regimes while Acacia had lower
LPC values (Table 7). Although the main effect of shade regimes on LPC was not
significant at p=0.05, there was a significant shade x water regime interaction. LPC
showed a decreasing trend with increasing shade under well-watered conditions
while the opposite trend was observed under water stress (Table 7).

Leaf water potential (W)
As the comparative variation of ¥ on the three days of measurements was similar,

only the ¥ data on 04 September 1998 are presented here. The main effects of
species and shade on ¥ was highly significant (p<0.001). Although the main effect
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Table 6: Leafnitrogen content (mg g leaf dry weight) of different tree species
under varying shade and water regimes

Well - watered Water - stressed

Tree species
Open Med. High Mean' Open  Med. High Mean’

Alstonia 3.32 471 498 4.66 0.28 0.44 0.45 5.02
macrophyila A AB
Artocarpus 296 458 486 4.46 0.35 0.38 0.34 4.48
heterophyllus A B
Acacta 1.94 180 3.16 2.30 0.28 0.32 0.27 4.55
auriculiformis B

Azadiracta 6.04 420 542 5.22 0.28 0.32 .0.28 6.12
indica A A
Terminalia 4.45 490 4.50 4.61 0.54 0.38 0.43 5.00
arjuna v A AB
Mean’ 3.74 403 4.98 5.46 4.88 4.78

(shade) a ab a a a a

Mean (water) 4.26 a 5.04 b

" Mean value for each species within each water level
1 Mean value for each shade level within cach wate): level
Means with the same letter are not significantly diffevent at p = 0.05

of water regimes was not significant at p=0.05, there were highly significant {p<0.001)
water x species and water x species x shade interactions. Alstonia had significantly
(p<0.05) greater ¥ than the rest of the tree species under both water regimes
(Table 8). In contrast, Acacia and Azadiracta had lower ¥ values under both water
levels. In well-watered conditions, ¥ showed an increasing trend with increasing
shade with the highest being found at high shade (Table 8). A similar pattern was
found under water stress as well. ¥ of individual species showed different patterns
of response to increasing shade and the response pattern varied with the water
regime as well. For example, under well-watered conditions, Artocarpus and Acacia
increased their ¥ with increasing shade whereas Azadiracta showed the opposite
trend (Table 8). In contrast, under water stress, while Artocarpus showed the same
increasing trend of ¥ with increasing shade, ‘¥ of Acacia decreased with increasing
shade.
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Table 7: Leaf potassium content (mg g leaf dry weight) of different tree
species under varying shade and water regimes

Well - watered Water - stressed

Tree species
Open  Med. High Mean” Open Med. High Mean'

Alstonia 2.30 2.18  2.18 2.22 194 210 2.30 2.12
macrophylla A AB
Artocarpus 1.98 216  2.08 2.08 1.04 2.20 2.10 1.78
heterophyllus BC C
Acacia 2.18 1.86  1.28 1.78 198 1.62 1.92 1.84
auriculiformis D BC
Azadiracta 2.30 1.96 2.16 2.14 2.20 2.12 1.96 2.10
indica AB AB
Terminalia 1.98 1.80  2.14 1.98 246  1.96 2.12 2.18
arjuna C A
Mean' 2.14 2.00 1.98 1.92  2.00 2.08

(shade) a b b a a a

Mean (water) 2.04 a 2.00 a

" Mean value for each species within each water level
* Mean value lor each shade level within each water level
Means with the same letter are not. significantly diffevent at p=0.05

Leaf stomatal conductance (g)

Because of the observed similarity of g, data on the three days of measurement, only
the data on 03 September 1998 are shown in Table 9. Main effects of all the factors
tested (i.e. species, shade and water regimes) on g, were highly significant (p<0.0001).
Under well-watered conditions, the highest g, was shown by Alstonia whereas
Acacia showed the highest g under water-stressed conditions (Table 9). On the
other hand, Azadiracta had the lowest g, under both water regimes. There was a
significant decrease of g, with increasing shade under both well-watered and
water-stressed conditions. As compared to well-watered conditions, water stress
caused a significant decrease of g, in all species under all shade regimes (Table 9).
The proportional decreases of g, due to water stress was greater under open
conditions as compared to medium- and high shade. Under water-stressed
conditions, g, of all species showed a decreasing trend with increasing shade.
However, under well-watered conditions, only Acacia showed a similar trend
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(Table 9). Azadiracta and Terminalia showed a slight increase in g, under medium
shade (as compared to open conditions) whereas Alstonic and Artocarpus showed
increases when shade was increased from medium to high shade.

Table 8: Leaf water potential (bars) of different t{vee species under varying
shade and water regimes

Well - watered Water - stressed

Tree species
Open Med. High Mean® Open Med. High  Mean’

Alstonia 090 -165 -1.05 -1.20 423 -3.15  -2.90 -3.4.3
macrophylla A A
Artocarpus -16.0  -10.0  -3.95 -9.98 -8.35 -4.70 -6.48 -6.51
heterophyllus C B
Acacia 124 -10.2 -7.95 -10.2 -9.68 -11.0 104 -10.3
auriculiformis C D
Azadiracta -8.85  -8.13  -11.7 -9.57 -12.0 1150 975 -11.1
mdica C _ D
Termainalia 405 -925 -6.65 -6.65  -7.70 -9.20  -8.456 -8.45
arjuna B D)
Mean' -8.44 -785 -6.25 -©.29 -7.89  -7.60

(shade) b b a a a a

Mean (water) -7.52a -7.96 a

© Mean value for cach species within each water level
t Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

Correlations between biomass gain and leaf characters

Table 10 shows the linear correlation coefficients between biomass gain (absolute
and relative) and the measured leaf characters. Leaf water potential, stomatal
conductance and chlorophyll content showed significant (p<0.05) correlations with
both absolute biomass gain and RGR. On the other hand, there were no significant
correlations between absolute or relative biomass gain and Jeaf nutrient contents.
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Table 9: Leaf stomatal conductance (mmol m* s!) of different tree species
under varying shade and water regimes

Well - watered Water - stressed

Tree species
Open Med. High  Mean® Open Med. High Mean’

Alstonia 260.1 82.05 61.66 1346 77.65 53.50 30.0 53.72
macrophylla A B
Artocarpus 2355 46.50 66.00 116.2 6275 5495 256  47.77
heterophyllies AB C
Acacta 167.0 7015 5495 9737 8250 5460 64.95 67.35
aurtculiformis BC A

Azadiracta 58.60 7720  46.90 60.73 61.35 3138 27.50 40.48

ndica D C
Terminalia 78.15 84.30 72.50 78.32 65.05 6350 5690 61.82
arjuna CD » B
Mean? 160.0 72.04 60.30 69.86 5159 40.99

(shade) a b b a b c

Mean (Water) 97.43 a 54.15 b

" Mean value for each species within each water Jevel
P Mean value for each shade level within each water level
Means with the same letter are not significantly different at p = 0.05

Contributions of leat characters to variation in biomass gain

Table 11 shows the estimated significant contributions of leaf characters to the
observed variation of biomass gain. For both absolute and relative biomass gain,
the highest contributions were made by leaf water potential (which accounted for
349 and 27% of the variation) and stomatal conductance (18% and 28%).

DISCUSSION

[indings of the present study provide important indications about the physiological
basis of variation in growth potential of early- and late-successional tree species.
Measurements of biomass gain showed that inter-species variation was a stronger
determinant of biomass production, in both absolute and relative terms, than the
effects of either shade or water. This is because the comparative performance of
different tree species did not differ much between open, medium and high shade
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Table 10: Linear correlation coefficients between biomass gain and leaf
characters in different tree species under varying shade and water regimes

Leaf Total biomass Probability” Relative Probability”
character gaim growth rate

Chlorophyll 0.532 0.0025 0.375 0.0412
content

Water 0.581 0.0008 0.518 0.0033
potential

Stomatal 0.388 0.034 0.494 0.005
conductance

Nitrogen 0.068 0.72 -0.08 0.6729
content

Potassium 0.220 0.242 0.055 0.7742
content

" Probability of obtaining a correlation coefficient as large as or larger than that of given here by chance

alone

Table 1{: Factors contributing to the observed variation of biomass gain in
different tree species under varying shade and water regimes

Absolute bjomass gain (W) Relative growth rate (RGR)
Parameter  Partial Prob.” Parameter Partial Prob.”
estimate R? estimate R*
Leaf water 0.827 0.338 0.0008 0.412 0.269 0.0033
potential
Stomatal 0.049 0.1808 0.0036 0.027 0.278 0.0004
conductance

* Probability ol oblaining a regression parameter estimate as lavge as or larger than that of given here
by cthance alone.

Note: Only those parameter estimates with a probability value of less than 0.1500 ave given. R* values

of the fall regressions models were (0,557 (for W) and 0.563 (for RGR).

conditions or between well-watered and water-stressed conditions. For example,
the pioneer species, Alstonia macrophylla showed the highest biomass gain under
all levels of shade and water. However, the reduction of biomass gain (both absolute
and relative) with shading (i.e. comparison between open and medium shade) was
greater in early-successional species (eg. Alstonia) as compared to late-successional
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species (eg. Artocarpus), especially when water was not limiting. Despite a few
exceptions, reductions in biomass gain due to water stress tended to be lower
under medium and high shade as compared to open conditions. However, no species
(including the late-successional species tested) showed greater biomass production
potential under shaded conditions used in the present study. Likewise, in the shade
levels maintained in the present experiment, the pioneers would still maintain the
competitive advantage of their greater biomass production potential over the
climax species. Therefore, the inability of the pioneers to regenerate under shaded
conditions may not be due to a lower carbon balance under shade. Rather, it may be
due to other tactors such as inability to germinate under low light intensities with a
higher far-red/red ratio as found in a forest understorey.*

The decrease of biomass gain with increasing shade was probably because
of the lower total photosynthesis resulting from reduced radiant energy receipt.
This observation agrees with a wide body of available literature.2”* The positive
response shown by the biomass gain of both early- and late-successional species to
increasing light shows that even the seedlings of climax species growing on the
forest floor are able to increase their photosynthesis when occasional sunflecks
occur. This agrees with the findings of Chazdon® and Pearcy et al.b that 30-60% of
carbon gain of understorey seedlings may occur during the short periods of sunflecks.
Measurements of several leaf characters (i.e. chlorophyll and nutrient contents,
water potential and stomatal conductance) enabled elucidation of the physiological
basis of the observed variation in biomass gain in different tree species. Both
correlation and multiple regression analysis showed that leaf water potential
and stomatal conductance exerted a dominant influence on biomass gain of
different tree species. For example, Alstonia, which had higher biomass gains, had
higher ¥ and g,. In contrast,¥ and g, were lower in Azc.diracta which showed lower
biomass gains. Greater W permits a higher turgor within cells which enable all
physiological processes,* including photosynthesis, to perform at higher rates."#
This was probably the reason for the observed positive relationship between
biomass gain and W. Moreover, greater ¥ also increases g which allows greater
CO, uptake in to the leaves.” This increased gas exchange enhances photosynthe-
sis and biomass gain. In addition to the higher levels of ¥ and g,, Alstonia also
had higher leaf chlorophyll and potassium contents which also cowld contribute
towards its greater biomass production potential. Greater chlorophyll contents
enhances light capture®” and when combined with greater g, and ¥ allows
greater photosynthesis. As potassium is required mainly for cellular transfer
processes® and maintaining favourable water relations,?’ a higher leaf potassium
content probably contributed towards the greater growth rates of Alstonia.

Leaf nitrogen content is an indication of the amount of photosynthetic
enzymes present.” Specifically, around 507 of soluble protein in leaves consists of
the primary carboxylating enzyme ribulose 1,5 bisphosphate carboxylase-oxyge-
nase.”? Therefore, leaf nitrogen content is positively correlated with the maximum
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licht-saturated photosynthetic rate.”>** However, except for species which form the
upper canopy, light is very often a limiting factor in forests. Hence, having a high
photosynthetic capacity through a greater leaf nitrogen content would not achieve a
oreater biomass gain unless factors which enhance light capture (i.e. chlorophyll
content) are also present at favourable levels. This was probably the reason for the
absence of any significant correlation between biomass production potential and
leaf nitrogen content in the species examined in the present experiment. A specific
example was Azadiracta indica which had the highest leaf nitrogen content but had
Jower leaf chlorophyll contents and consequently lower biomass gains. However,
having a greater Jight-saturated photosynthetic capacity through a higher leaf
nitrogen content would enable species to maximize photosynthetic rates during
sunflecks which provide high light intensities over short durations.

The observed reduction of LWR and increase of RWR in response to shade
show that, in the species examined in the study, leaf growth was more sensitive to
shading as compared to overall growth. Conversely, the sensitivity of root growth to
increasing shade was less than that of overall growth.

Based on the results of the present study, it is concluded that early-succes-
sional species have a greater biomass production potential once they are
established under any shade level above 30% of incident radiation. The greater
biomass production potential was mainly due to higher leaf water potential and
stomatal conductance. Therefore, pioneers may be used in the reforestation
programmes not only under open conditions and large forest gaps, but also under
shaded conditions. Pioneers such as Alstonia could be used to close the canopy gaps
within a shorter time period. This is especially important in the wet zone forests of
Sri Lanka as the high rainfall in this zone could cause significant soil erosion in
forest gaps.

In contrast, for reforestation in the dry zone, slower-growing late-
successional species such as Azadiracta and Artocarpus can be recommended for
both larger and smaller forest gaps. As shown by this study, these slow-growing
species respond positively to the higher levels of irradiance that penetrate on
to the floor of dry zone forests. Recommendation of fast-growing pioneers such
as Alstonia for reforestation in the dry zone should be done only with extreme
caution. As biomass accumulation is directly proportional to water use through
evapotranspiration,* fast-growing tree species could guickly deplete the limited
soil moisture reservoir in the dry zone.
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