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The physiology of seedlings of Warburgia ugandensis and Polyscias fulva were studied at varying light levels. 
Photosynthesis was significantly higher in P. fulva (1.4 mols CO2 m

-2
 s

-1
) than in W. ugandensis (0.3 mols CO2 m

-2
s

-1
) 

when grown in full sunlight. However, photosynthesis was not significantly (P > 0.05) different under moderate and 
dense shades (PPFD about 600 mols m

-2
s

-1
 and 350 mols m

-2
s

-1
 respectively) for both species (and ranged between 

0.4 and 0.5 mols CO 2 m
-2

s
-1

). Generally, P. fulva seedlings had significantly (P < 0.05) greater reductions (from 1.0 to 
0.4 mols CO 2 m

-2
s

-1
) in photosynthetic rates in response to increasing shade than did W. ugandensis (0.6 to 0.4 

mols CO 2 m
-2

s
-1

). However, W. ugandensis attained significantly (P < 0.05) higher photosynthetic rates under shade 
conditions (0.6 mols CO2 m

-2
s

-1
) than full sunlight conditions (0.3 mols CO2 m

-2
s

-1
). Leaf temperatures were highest 

(30°C) in full sunlight and lowest (27°C) in dense shade for both species. Generally, stomatal conductance, 
transpiration and water use efficiency showed significantly (P < 0.05) higher values for shade grown W. ugandensis 
and full sunlight grown P. fulva. Water use efficiency for P. fulva (2.3 mols CO2 mmol

-1
 H2O) was significantly (P < 

0.05) higher that for W. ugandensis (1.5 mols CO2 mmol
-1

 H2O) in full sunlight than. It was concluded that P. fulva was 
also less adapted to growth at low light intensity while W. ugandensis was better adapted to growth at low light levels 
because of its significantly greater ability to maintain higher rates of photosynthesis in low light intensity. Therefore in 
East Africa P fulva can be a better agroforestry species than W. ugandensis. 
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INTRODUCTION 

 
Deforestation of tropical forests is increasing rapidly and 
this can have both global and local adverse cones-
quences. Perhaps the single greatest cause for concern 
over the loss of tropical forests is the loss of the biological 
diversity that these forests contain (Raven, 1987). In 
Kenya, many areas of natural forests have been heavily  
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disturbed through selective logging and clearing resulting 
in fragmentation and reduction in forest cover to less than 
5% of land cover. These degraded areas vary in size 
from scattered canopy gaps to large abandoned clearings 
(Kigomo, 1990). There is a growing interest to rehabilitate 
the damaged areas by re-planting them, especially with 
indigenous tree species (Kigomo, 1990). However, there 
is little experience on silvicultural management of many of 
these species, in addition to the inadequate under-
standing of their ecological requirements. This is largely 
because their biological and ecological requirements are 
not well understood. Tree species differ in their require-
ments for light (Whitmore, 1984) and respond differently 
to environmental conditions associated with canopy gaps 



 
 
 

 
Table 1. Summary of the microclimatic conditions during the study. 

 

Factor Dense Shade Moderate Shade Partial Shade 100% Full 
 (25% Full light) (65% Full light) (42% Full light) Sunlight 

Mean  daily  photosynthetic  photon  flux 347 588 918 1413 

density (PPFD) (mols m
-2

 s
-1

)     
% Sunlight 25 42 65 100 

Mean air temperature (°C) 27 28 29 30 
 

 

of different sizes (Denslow,1980; Vincent, 2006). 

Variation in the light environment in tropical forests 

affects plant germination, photosynthesis, growth, and 
reproduction (Longman and Jenik, 1987; Tokahashi and 
Rustandi, 2006) . Adequate data on photosynthesis are 
lacking for most forest species (Mooney et al., 1983). The 
capacity of plants to intercept and use radiant energy for 
photosynthesis determines the availability of photosyn-
thates for growth. However, radiation is not only a source 
of energy, it is also a stimulus governing development, 
and occasionally also a stress factor (Larcher, 2003; 
Ogachi et al., 2006; Vincent, 2006).  

The present study was intended as a contribution on 
the ecology of two economically important tree species of 
Kenya, Warburgia ugandensis Sprague and Polyscias 
fulva (Hiern) Harms grown under varying light regimes. 
W. ugandensis is a common forest tree in Kenya high-
land forests. The timber of this species does not develop 
any cracks and takes a high polish and the bark of the 
tree is of vital medicinal value (Kokwaro 1976). P. fulva is 

a highland forest tree and whose timber is easy to work 
and is odourless. It is a valuable timber for veneers and 
plywood. Ecophysiological responses to light were used 
to assess species characteristics that might be important 
for revegetation of disturbed forest areas or for use in 
agroforestry systems. 

 
MATERIALS AND METHODS 
 
The study was located at a nursery of the Kenya Forestry Research 
Institute, Muguga, Kenya. A randomised-block design of three 
replications was used. The four light treatments were randomised 
within the three blocks while the two species were randomised 
within the light treatments. A distance of 1m separated the blocks. 
The different light levels treatments (sub-plots) were 1m apart. 
Fourteen tree seedlings were planted in each sub-plot in a 2 x 7 
arrangement. There were 12 subplots with a total of 168 seedlings 
for the two species.  

The light conditions prevailing under the full sunlight represented 
a clearing in the natural environment and the dense shade a small 
gap. The partial and moderate shades represented large gaps in 
the forest.  

Seeds of the two species (W. ugandensis and P. fulva) were 
acquired from the Seed Centre, Kenya Forestry Research Institute, 
Nairobi, Kenya. The seeds were sown separately in germination 
trays with sand as the medium and then transferred to the 
greenhouse for germination. After eight weeks, seedlings of the two 
species were transplanted separately into 20 cm height by 6.5 cm in 
diameter polythene pots which had been previously filled with forest 
topsoil, cow manure and gravel mixed into a ratio of 5:2:1 by 
volume, respectively. These were perforated at the bottom to allow 

 

 
easy draining of water. After transplanting, the seedlings were re-
moved from the greenhouse and kept in the open for a period of 
one month to harden them. The seedlings were then randomized 
and transferred into the four different light regimes where they 
stayed for one month to acclimatise to the new environment before 
measurements were taken.  

The shade levels were obtained by use of factory made artificial 
black shade materials. Each shade house was 1m long, 1m wide 
and 1m high. The artificial shades used in this experiment gave 
photosynthetic photon flux densities of 25% (dense shade), 42% 
(moderate shade), 65% of full sunlight (partial shade), and full 
sunlight (no shade).  

Rates of photosynthesis, transpiration, stomatal conductance, 
and (photosynthetic photon flux density) PPFD were determined in 
the four different light regimes using an open system, portable, 
infra-red gas analyser (IRGA-ADC. model LCA-2, The Analytical 
Development Co. Ltd; Hertfordshire, England) fitted with a leaf 
chamber (model PLC). During measurements the analyser was 
used in a constant flow rate, variable differential mode (Long and 
Hällgren, 1985). Measurements were carried out from 09:00 h, after 
the leaves were free of dew and continued every hour until 17:00 h. 
Four different leaves of each species were used in the four different 
light regimes per measurement period on three clear days. CO2 
assimilation, transpiration and stomatal conductance of single 
leaves were calculated using flux equations adapted from von 
Caemmerer and Farquhar (1981) and Long and Hällgren (1985). 
Water use efficiency was calculated by dividing rate CO2 assimi-
lation by the rate of transpiration.  

All data were analysed using a factorial ANOVA. When signi-
ficant differences (P < 0.05) were found for either species, light 
treatments, or their interaction, Tukey's Multiple Range Test was 
used to separate significant (P < 0.05) means (Steel et al., 1997). 

 

RESULTS 
 
Photosynthetic photon flux density (PPFD) 
 

The mean diurnal PPFD was about 350 mols m
-2

 s
-1

 for 

dense shade, 600 mols m
-2

 s
-1

 for moderate shade, 900 

mols m
-2

 s 
-1

 for partial shade and 1400 mols m 
-2

 s
-1

 for 

full sunlight (Table 1). High PPFD characterized the full 
sunlight treatment, while all shaded microclimates show-ed 
reduced PPFD. There were significant (P < 0.05) differences 
in PPFD among the different light treatments. 

 

Air temperature 
 

The mean diurnal air temperatures recorded were: 30
o
C 

in full sunlight, 29
o
C in partial shade, 28

o
C in moderate 

shade and 27
o
C in dense shade (Figure 1). There was no 

significant (P > 0.05) difference among the shade treat-
ments for temperature. However, higher temperatures 



  
 
 

 

characterized the full sunlight treatment while the shaded 

microclimates had lower temperatures. 

 

Photosynthetic rate 
 
Rates of photosynthetic assimilation for P. fulva were 
highest under full sunlight and lowest under dense shade 
treatments. However, W. ugandensis showed the highest 
rates of photosynthesis under partial shade and the low- 

 
 

 

ugandensis exhibited values ranging from 0.2 to 0.3 

mmols m
-2

 s
-1

 (Figure 4). Transpiration was greater (P < 
0.01) for P. fulva in full sunlight and partial shade than for 
W. ugandensis. However, in dense and moderate shades 
the rates of transpiration for the two species were not 
significantly (P > 0.05) different. 

 

Water use efficiency 
 

est rates under the full sunlight treatment (Figure 2). P. fulva in full sunlight had significantly (P < 0.01) higher 
 

Photosynthetic rates were significantly (P < 0.001) higher water use efficiency (WUE) than W. ugandensis in the 
 

for P. fulva (1.4 mols CO2 m
-2

  s
-1

) than for W. ugan- morning hours (Figure 5). P. fulva exhibited a mean WUE 
 

densis (0.3 mols CO2  m
-2

  s
-1

) when grown under full value of 2.3 mols CO2 mmol
-1

 H2O in full sunlight while a 
 

sunlight. Rates of photosynthesis for P. fulva grown mean value of 1.5 mols CO2 mmol
-1

 H2O was recorded 
 

under full sunlight were therefore 65% higher than in W. in W. ugandensis.  In partial shade, P. fulva exhibited a 
 

ugandensis. Full sunlight-grown P. fulva had a maximum mean WUE value of 1.8 mols CO2 mmol
-1

 H2O, while W. 
 

photosynthetic rate of 3 mols CO2 m
-2

 s
-1

 compared with ugandensis recorded a value of 2.0 mols CO2  mmol
-1

 
 

0.4 mols CO2 m
-2

 s
-1

 for W. ugandensis.      H2O. Under moderate and dense shades the two species 
 

In partial shade, the rate of photosynthesis for P. fulva showed no significant (P > 0.05) differences in WUE. 
 

was similarly higher (P < 0.01) than in W. ugandensis, at Highest  values  of  water  use  efficiency,  like  rates  of 
 

1.0  mols  CO2  m
-2

  s
-1

  and  0.6  mols  CO2  m
-2

  s
-1

, photosynthesis, were somewhat higher in the morning 
 

respectively. The photosynthesis range for P. fulva was hours  and  lower  in  the  afternoon  hours  for  the  two 
 

0.4 to 1.7 mols CO2 m
-2

 s
-1

 and 0.5 to 0.8 mols CO2 m
-2

 species.       
 

s
-1

  for W. ugandensis when grown under partial shade         
 

conditions. Shading enhanced the rate of photosynthesis 

DISCUSSION 

     
 

in W. ugandensis, increasing it from 0.3 mols CO2 m
-2

s
-1

      
 

in full sunlight to 0.6 mols CO2 m
-2

 s
-1

 in partial shade (a 
The results of this study showed that temperature was 

 

50% increase). However, P. fulva had lower rates of 
 

photosynthesis in partial shade that was about 70% of PPFD  dependent  and  similar  results  were  found  by 
 

that  of  the  same  specie  in  full  sunlight.  Rates of Chazdon and Fetcher (1984) in forest gaps of various 
 

photosynthesis were not significantly (P > 0.05) different sizes. Results on photosynthesis showed that these tree 
 

in the two species when grown under moderate and species differed  in  their  light requirements.  P. fulva 
 

showed  enhanced  capacity  to  utilise  high  PPFD 
 

dense shade, with P. fulva exhibiting a range of 0.2 to 0.5 
 

mols CO2 m -2 s -1 and 0.3 to 0.5 mols CO2 m -2 s -1 for W. associated with  the  full  sunlight  treatment,  attaining 
 

    

higher photosynthetic rates  when grown under full 
 

ugandensis under these conditions.       
 

      

sunlight than did W. ugandensis. This was especially so 
 

              
 

Stomatal conductance 

      during the morning hours than afternoon hours of the 
 

      day. The slow growth of W. ugandensis in its natural 
 

Seedlings of 
 

P. fulva  exhibited  the highest stomatal 
environment (Kigomo, 1990) may result from the 

 

 extremely  low  photosynthetic rates observed  in this  
conductance in full sunlight ranging from 0.007 to 0.02 

 

species. Although P. fulva grew and survived in shaded  

mols m-2 s-1, while W. ugandensis exhibited 
 

values 
 

 habitats, though with relatively low photosynthetic rates, it  

ranging from 0.003 to 0.009 mols m
-2

s
-1

 (Figure 3). Sto- 
 

is apparent that sun flecks may contribute significantly to  

matal conductance in seedlings of P. fulva grown in full 
 

photosynthesis in this species when growing in shaded  

sunlight was therefore 55% higher than in seedlings of W. 
 

environments. On the other hand, W. ugandensis was  

ugandensis. Stomatal conductances of the two species 
 

adversely affected by strong PPFD. This may have ecolo-  

grown under moderate  and  dense shade 
 

were  not 
 

 gical implications in that the species may be unable to  

significantly (P > 0.05) different. Like for photosyn-thesis, 
 

utilise strong sun flecks in the forest environment and  

stomatal conductance decreased with increasing shade 
 

hence not compete well with species such as P. fulva. 
 

in P. fulva. However, in W. ugandensis stomatal conduc- Seedlings of W. ugandensis appear to do poorly under a  

tance increased from dense shade to partial shade and 
 

high radiation environment. Impairment of photosynthesis  

was lowest in full sunlight. 
      

 

      in  W.  ugandensis  with  high  light  may  result  from 
 

              chlorophyll  decomposition  or  reduced  photosynthetic 
 

Transpiration rate 
       quantum  efficiency (Björkman, 1981).  This can  result 

 

       

from  strong  radiation  in  plants  that  readily  reach 
 

              
 

P. fulva exhibited the highest rates of transpiration in full maximum rate of photosynthesis at low light intensities 
 

sunlight ranging from 0.3 to 0.8, mmols m
-2

s
-1

 while W. (Krieibitzsch et al., 1997) and then a decline in photosyn- 
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Figure 1. Mean diurnal trends in leaf temperature (°C). 
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Figure 2. Mean diurnal trends in CO2 assimilation rate ( mols CO2 m

-2
 s

-1
). 

 

 

thesis with increase in photon flux densities. This sensiti-
vity is also found in many shade plants (Hariri and Prioul, 
1978) although some are able to adjust their leaf photo-
synthesic rates to shade in natural canopies quite effi-
ciently (Laisk et al., 2005). It appears that W. ugandensis 

responded to full sunlight exposure with tight stomatal 

 
 

 

closure, thus leading to low stomatal conductances and 
hence low rates of photosynthesis. The low photosyn-
thetic rates of P. fulva under shade and the high photo-

synthetic rates under higher light levels show that seedl-
ing growth and photosynthesis in nursery and, therefore 
possibly in nature, is limited to some extent by light. It is 



  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Mean diurnal trends in stomatal conductance (mols m
-2

 s
-1

).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Mean diurnal trends in transpiration rate (mmol m
-2

 s
-1

). 
 

 

therefore possible that seedlings of P. fulva growing on 
the forest floor exist through sophisticated physiological 
and morphological adaptations for growth (plasticity) at 
low light levels (Vincent, 2006). This makes it possible for 
the seedlings to undertake efficient utilisation of a range 
of sun flecks for them to survive (Muraoka et al., 2003). 
Growth and survival of P. fulva in light levels below 1000 

mols m
-2

 s
-1

 light levels may indicate that apart from 

light, other factors in the field, especially competition for 
other resources, could also be important for establish-
ment of this species. It is, therefore, necessary to carry 
out additional studies to determine other important limit- 

 
 
 

ing factors, particularly, the role of moisture and nutrients 
in determining the rate of seedling growth of this species 
in the forest. The adaptability of the maximum rate of 
photosynthesis to PPFD during growth of seedlings of P. 
fulva appears to have resulted from a change in stomatal 
conductance. W. ugandensis performed better under 
shade as supported by the higher rates of photosynthesis 
under the shaded regimes compared to full sunlight. Pho-
tosynthetic rates for W. ugandensis were reduced in full 
sunlight indicating that the species is shade tolerant. The 

suppressed CO2 assimilation rates when W. ugandensis 

seedlings were exposed to full sunlight may have been 
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Figure 5. Mean diurnal trends in water use efficiency (mols CO2 mmol
-1

 H2O) for Warburgia ugandensis and Polyscias fulva 
seedlings under varying light regimes. Error bars represent 95% confidence interval of the mean. 

 

 

been caused by high heat load, increasing leaf tempe-
ratures and respiration (Björkman, 1981; Terashima and 
Hikosaka, 1995) . High light may present the leaves of W. 
ugandensis with more photochemical energy than can be 
utilized for photosynthesis, overloading the photosyn-

thetic process and resulting in lower CO2 assimilation 
yield.  

The ability of W. ugandensis to maintain a positive car-
bon balance in shade is not necessarily due to capacity to 
photosynthesize more rapidly than P. fulva in low light, 
but probably results from lower rates of respiration. For 
example, Loach (1967) found that shade tolerant and 
intolerant species have essentially equivalent rates of 
photosynthesis when grown in low light conditions. One 
study showed that a key to differential success in shade 
was a difference in dark respiration rate and therefore a 
lower light compensation point (Muraoka et al., 2003) 
allowing shade plants to maintain a positive carbon ba-
lance even at very low gross photosynthetic rates. 

The transpiration rates of tree seedlings in our study 
were similar to those observed in other seedlings in 
south-east Asia grown under varying light regimes 
(Kriebitzsch et al., 1997). Although the two species show-
ed no significant differences in WUE under moderate and 
dense shades, it is worth noting that W. ugandensis 
generally exhibited higher WUE than P. fulva under these 
conditions. This means that WUE in W. ugandensis may 
have been enhanced by shade. Therefore, W. ugan-

densis lost less water while fixing a mole of CO2 under 

shade, but the reverse true for P. fulva. W. ugandensis 
appeared to close its stomata and had low rates of 
photosynthesis, stomatal conductance, transpiration rates 

 
 

 

and hence reduced WUE in full sunlight. The high WUE 
values observed in P. fulva when growing in full sunlight 
showed that this species is likely to out compete W. 
ugandensis in forest clearings and large gaps that are 

characterized by high PPFD and temperatures. Higher 
rates of photosynthesis and WUE in P. fulva than W. 
ugandensis in full sunlight indicate that P. fulva would 
accumulate more biomass with less water loss. It is, 
therefore, possible that seedlings of P. fulva would domi-
nate those of W. ugandensis in clearings and large gaps 
of our forests. Based on these findings, P. fulva is recom-
mended for planting in cleared forest areas and in agro-
forestry systems in East Africa where it occurs as an 
indigenous species.. 

 

ACKNOWLEDGEMENTS 
 
We wish to acknowledge the invaluable material and 
technical support received from the Kenya Forestry 

Research Institute (KEFRI) and the School of Biological 

Sciences, University of Nairobi. 

 
REFERENCES 
 
Andrews M, Raven JA, Lea P, Sprent JI (2006). A role of shoot protein 

in shoot-root dry matter allocation in higher plants. Annals of Botany, 
97: 3-10. 

Björkman O (1981). Responses of different quantum flux densities. In: 
Encyclopedia of Plant Physiology, Vol. 1. In Lange OL et al. (eds) 
Physiological Plant Ecology. Springer, Verlag, Berlin. pp. 57-107. 

Boller BC, Nosberger J (1985). Photosynthesis of white clover leaves as 

influenced by canopy, leaf age and temperature. Annals of Botany, 

56:19-27. 



 
 
 

 
von Caemmerer S, Farquhar CD (1981). Some relationships between 

biochemistry of photosynthesis and the gas exchange of leaves. 
Planta, 153: 376-387. 

Chabot BF, Chabot JF (1977). Effects of light and temperature on leaf 
anatomy and photosynthesis in Fragaria vesca. Oecologia, 26: 363-
377. 

Chazdon RL, Fetcher N (1984). Photosynthetic light environments in a 
lowland tropical rainforest in Costa Rica. Journal of Ecology, 72: 553-
564. 

Coomes DA, Grubb PJ (1998). A comparison of 12 tree species of 
Amazonian caatinga using growth rates in gaps and understory and 
allometric relationships. Functional Ecology, 12: 426-435. 

Denslow JS (1980). Gap partioning among tropical rainforest trees.  
Biotropica, 12: 47-55.  

Hariri M, Prioul JL (1978). Light-induced adaptive responses under 
greenhouse and controlled conditions in the fern Pteris cretica var. 
ouvardii. Physiology of Plants, 42: 97-102. 

Jurik TW, Chabot JF (1979). Ontogeny of photosynthetic performance in 
Fragaria virginiana. Plant Physiol. 63: 542-547.  

Kigomo BN (1990). Influence of shade on the growth of seedlings of 
Brachylaena huillensis in forest and nursery conditions. East Africa  

Agricultural and Forestry Journal, 56: 27-36.  
Kokwaro JO (1976). Medicinal Plants of East Africa. East Africa 

Literature Bureau. pp. 60-70  
Krieibitzsch WU, Harold M, Christiane T (1997). Photosynthesis and 

growth of seedlings of two tree species from south east Asia at 
different light regimes. Plant Research and Development, 46: 99-107. 

Laisk A, Eichelmann H, Oja O, Rasulov B, Padu E, Bichele I, Pettai H, 
Kull O (2005). Adjustment of leaf photosynthesis to shade in a natural 
canopy: rate parameters. Plant, Cell and Environment, 28: 375-388.  

Larcher W (2003). Physiological Plant Ecology (4
th

 edition). Springer, 
Berlin, pp. 513.  

Loach K (1967). Shade tolerance in tree seedlings. I. Leaf 

photosynthesis and respiration in plants raised under artificial shade. 

New Phytologist, 66: 607-621. 

  
  

 
 

 
Long SP, Hällgren JE (1985). Measurement of CO2 assimilation by 

plants in the field and the laboratory .In Coombs J et al. (eds.). 
Techniques in Bioproductivity and Photosynthesis. Oxford, pp. 62-94. 

Longman KA, Jenik J (1987). Tropical forest and its Environment. (2nd 
edition) John Wiley and Sons, New Yolk, pp. 91-99. 

Muraoka H, Koizumi H, Pearcy RW (2003). Leaf display and 
photosynthesis of tree seedlings in a cool-temperate deciduous 
broadleaf forest understory. Oecologia, 135: 500-509. 

Steel RGD, Torrie JH, Dickey DA (1997). Principles and Procedures of 
Statistics: a Biometrical Approach. McGraw-Hill Companies, Inc. New 
York, pp 666. 

Terashima I, Hikosaka K (1995). Comparative ecophysiology of leaf and 
canopy photosynthesis. Plant, Cell and Environ., 18:1111-1128.  

Vincent G (2006). Leaf life span plasticity in tropical seedlings grown 
under constrasting light regimes. Annals of Botany, 97: 245-256.  

Whitemore IC (1984). Tropical Rainforest of the Far East. In West C et 

al. (eds). Clarendon Press, Oxford, pp. 639-655. 


