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Abstract: A study with four tomato varieties under different light levels was accomplished at the Bangabandhu Sheikh Mujibur Rahman
Agricultural University research farm during October 2008 to April 2009. The experiment was laid out in a split plot design with three
replications. Four light levels i.e. 100, 75, 50 and 25% Photosynthetically Active Radiation (PAR) were assigned in the main plot, while
four  tomato  varieties  namely  Ratan,  Apurba,  BARI tomato  3  and  Shila  were  assigned  in  the  sub-plot.  Desired  light  levels  were
maintained by using nylon nets of different pore size. Plant height of tomato varieties increased gradually with the increase of shade
levels  and significantly the tallest  plant was  found under 25% PAR level.  Among the varieties,  Apurba produced the tallest  plant
irrespective of light levels. Fruits per plant decreased after 75 to 25% PAR levels and the highest and the lowest fruit number were
recorded in Ratan (32.28) and Apurba (24.58), respectively. Both days to first edible harvest and harvesting duration increased with the
increase of shade levels. Individual fruit weight decreased after 75% PAR level to 25% PAR level. Irrespective of varieties, the yields
obtained under 100, 75 and 50% PAR levels  were not differed significantly except Ratan under 100% PAR level  while  the yields
obtained under 75 and 50% PAR levels were very close. Ratan and Apurba yielded the highest under 50% PAR level; and BARI tomato
3 and Shila yielded the highest under 75% PAR level. Partial shade (75% PAR) and moderate shade (50% PAR) gave 16 and 21% yield
advantage over full sunlight. Regardless of tomato varieties, fresh yield of tomato was the lowest under 25% PAR level. Among the
varieties, in terms of yield and other parameters the degree of shade tolerance may be ranked as BARI tomato 3> Ratan> Shila> Apurba.
Therefore, tomato irrespective of varieties can be grown successfully where 50 to 75% incident lights would be available.  
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Introduction
Agroforestry,  a  fairly  stable  and  eco-friendly  land  use
system,  is  an  integral  part  of  the  livelihood  systems  in
Bangladesh  since  time  immemorial.  In  agroforestry
systems, the basic concept of intercropping short and long
statured  crops  is  utilized  in  which  sharing  of  growth
resources between the upper and the under story crops and
their  complementary  benefits  serve  as  the  basis  for
intercropping  advantage.  Among  the  growth  resources,
light  is  the  most  limiting  factor  for  photosynthesis  and
ultimately productivity of crops because unlike water and
nutrients, light cannot be captured and stored for later use
(Miah et al., 1995). However, under a given site condition,
light availability to the understorey crops depends on the
tree characteristics such as crown shape and density, size
of the tree and tree management practices. Therefore, the
understorey  associated  crops  should  be  selected
accordingly.
Among  the  different  traditional  agroforestry  systems,
homestead  agroforestry  system is  one of  the  oldest  and
potential  systems  because  of  its  diversified  role  in
homestead economy. Traditionally farmers grow different
types of vegetables in association with tree in homesteads,
where  productivity  of  vegetables  is  low due  to  lack  of
appropriate  combination  and  management  as  well.
Therefore,  development  of  an appropriate  vegetable-tree
combination along with improved management level may
increase  productivity  as  well  as  minimize  the  supply
demand gap of vegetable in Bangladesh significantly. 
Tomato  (Lycopersicon  esculentum Mill.)  is  one  of  the
most  popular  winter  vegetables  grown  successfully
throughout  Bangladesh.  Among  the  different  varieties
Ratan,  Shila,  Apurba  and  BARI  tomato  3  are  the  most
popular varieties developed by BARI and available in the
market. Miah (2001) observed that tomato could be grown
successfully without yield loss up to 25% shade level. But
information  on  other  popular  varieties  of  tomato  under
different light levels are not available.  
To screen out suitable tomato variety, the best way to grow
different tomato varieties under different tree species. But

the  light  transmission  ability  of  a  tree  species  not  only
depends on the tree species but also on the several other
factors  such  as  age  and  growth  pattern  of  the  tree,
management  practice  etc.  Hence,  it  would  be  more
effective to screen out the different tomato varieties under
different  light  levels  in  artificial  shade  condition before
advocating  the  farmers  to  grow  tomato  varieties  under
different trees at farm level. So, if it is possible to find out
the shade tolerance limits of the existing tomato varieties
in  terms  of  growth  and  yield,  it  would  be  very  useful
information  for  the  growers  in  selecting  the  best  tree-
tomato  combination in  order  to  promote  agroforestry  at
field level.

Materials and Methods
The experiment was conducted at the experimental farm of
the  Bangabandhu  Sheikh  Mujibur  Rahman  Agricultural
University during October 2010 to April 2011 in an upland
condition. Four varieties of tomato namely Ratan (BARI
tomato 2), BARI tomato 3, Apurba (BARI tomato 7), and
Shila (BARI tomato 8) were used in the experiment. Thirty
days old healthy seedlings were transplanted at 60 cm X
50 cm spacing on November  25,  2010.  The experiment
was laid out in a split plot design with three replications.
Four  light  treatments  viz.  100,  75,  50  and  25% of  the
available  PAR  were  assigned  in  main  plots  and  four
varieties  were  arranged  in  subplots.  The  PAR  was
measured using Sunflect Ceptometer.  The 100% PAR was
the total  PAR in open field,  i.e.,  full  sunlight  condition.
The  reduced  light  levels  were  created  using  nylon  nets
with  different  pore  sizes  and  placed  1.5  m  above  the
ground  level.  These  light  levels  were  maintained
throughout the growing season. 
The unit plot size was 2.5 m. x 3.0 m.  Adjacent blocks
and neighboring plots were separated by 2.5 m. and 0.5
m., respectively. The experimental plots were fertilized @
148, 50 and 100 kg N, P and K per hectare, respectively
from  Urea,  TSP  and  MP  along  with  10  ton  farmyard
manure per hectare.  All farmyard manure, TSP and one
third of Urea and MP were applied during the final land
preparation and the rest of the Urea and MP were applied
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in  two  equal  installments  at  20  and  40  days  after
transplanting. All intercultural operations and management
practices  were  done  throughout  the  growing  season.
Tomato fruits were harvested in several pickings when the
fruits reached to breakers stage. The harvesting started at
126 DAP and ended at 168 DAP.  Five plants of tomato
from each plot were selected for data collection. The plant
height was determined from the sample plants at the final
harvest.  Number of  fruits  per  plant  and fruit  weight  (g)
was  measured  when  fruits  were  attained  to  edible  size.
Days to first edible fruit harvest were noted at the time of
first  edible  fruit  harvest.  Harvesting  duration  was
determined by counting the days from first harvest to last
harvest.  Fresh  yield  of  tomato  was  determined  by
cumulating the weight of each fruit from each harvest and
then converted to t/ha. The data on various morphological,
yield  and  yield  contributing characters  were  statistically
analyzed  by  ‘IRRISTAT’  software  to  examine  the
significant  variation  of  the  results  due  to  different
treatments.  The  treatment  means  were  compared  by
DMRT at 5% level of significance. 

Results and Discussion 
Plant height:  The interaction effect of different varieties
and light levels significantly affected the plant  height of
tomato (Table 1). Irrespective of varieties, the tallest plants
were found under 25% PAR, which differed significantly
from  50%  PAR  level  except  in  Ratan.  Plant  height  of
Ratan  grown  under  50%  PAR  level  produced  identical
plant height to 25% PAR level. The shortest plant for all
the varieties was recorded under full sunlight. Among the
varieties, Apurba produced remarkably taller plants under
all  light  treatments.  Ratan  produced  the  smallest  plant
under  all  light  levels  but  under  100,  75  and  50% PAR
levels,  it  was  statistically  identical  to  Shila  variety.  The

present study revealed that plant height increased with the
decrease of light  levels.  Plant  grown in low light  levels
was found to  exhibit apical dominance than those grown
in high light environment resulting in taller plants under
shade (Hillman, 1984). Miah (2001) observed significantly
taller plant of tomato under reduced PAR levels.  Similarly
higher  plant  height  under  reduced  light  levels  was  also
observed in eggplant (Miah, 2001), mungbean (Ali, 1998;
Islam, 1996) and chickpea (Murshed, 1996). This may be
attributed to the stimulation of cellular expansion and cell
division under shaded condition (Schoch, 1972).
Number  of  fruit  per  plant:  The  interaction  effect  of
different light levels and varieties on number of fruits per
plant was significant (Table 2).  BARI tomato 3 and Shila,
gave the maximum number of fruits per plant under partial
shade (75% PAR) but it was statistically similar to 100 and
50% PAR levels for BARI tomato 3; and 100% PAR level
for Shila. Interesting result was found in Ratan where the
maximum number of fruits per plant was noted under 50%
PAR level which was statistically identical to 75 and 25%
PAR  levels  and  surprisingly  25%  PAR  level  produced
numerically  higher  number  of  fruits  per  plant  over  full
sunlight.  On  the  other  hand,  Apurba  produced  identical
number of fruits per plant under all light levels. Among the
varieties,  under  100  and  75%  PAR  levels,  Shila  and
Apurba gave the maximum and the minimum number of
fruits per plant, respectively. While under light levels of 50
and 25% PAR, Ratan performed better. The present study
reveled that partial shade produced higher number of fruits
per plant. These findings fairly agreed with that of Miah
(2001)  who  found  the  maximum  number  of  fruits  of
tomato under 75% PAR level. The lower number of fruits
per  plant  of  tomato  grown  under  relatively  shaded
conditions  was  probably  due  to  poor  photosynthetic
capacity of plants.

Table 1. Effect of different light levels on plant height of different varieties of tomato at harvesting stage 

Variety 
Plant height (cm)

Light  levels ( % PAR)
100 75 50 25

Ratan 76.80   c C 94.13   c B 110.40 c A 112.80 d A
Aparba 128.80 a C 136.27 a C 177.27 a B 187.20 a A
BARI tomato 3 94.53  b D 118.53 b C 129.67 b B 161.50 b A
Shila 83.07  c D 102.43 c C 113.27 c B 137.67 c A

Table 2. Effect of different light levels on fruit per plant of different varieties of tomato

Variety
Number of fruit per plant

Light levels (% PAR)
                 100                     75               50              25

Ratan 28.07  b   B 31.40 b AB 38.67 a A 31.00 a   AB
Aparba 21.53  c   A 25.27 c A 29.20 b A 22.33 b   A
BARI tomato 3 33.67 ab AB 37.27 a A 30.20 b AB 26.27 ab B
Shila 34.67  a  AB 37.87 a A 28.28 b B 25.40 ab B

Days to  first edible fruit harvest:  The combined effect
of different light levels and varieties on first edible fruit
harvest was significant (Table 3). In case of Ratan, the first
edible fruit was harvested at 75 % PAR level (129 days),
but  there  was  no  significant  variation  among  the  light
levels for first edible harvest of tomato. In case of Apurba
variety,  the first  edible fruit  was harvested at  75% PAR
level  which  was  closely followed by 100 % PAR level
(129  days)  and  50%  PAR  level  (129  days).  Under  the

maximum  shade  level,  significantly  the  maximum days
were required (136 days) for the first harvest. In case of
BARI tomato 3 and Shila variety, the first edible fruit was
harvested  from  100  %  PAR  level  and  statistically  the
maximum days were required under 25 % PAR level.
Within each light level, under 100 and 75% PAR levels, no
varietal variation was observed in the first edible harvest.
Under 50% PAR level, Shila took significantly more days
to harvest  the  first  edible fruit  while  the other  varieties
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were insignificant. Under 25 % PAR level, the first edible
fruit was harvested from Ratan (132 days). Shila took the
maximum days for the first edible fruit harvest (140 days)
which  was  closely  followed  by  BARI  tomato  3.   The
present study revealed that shading delayed the first edible
fruit  harvest.  Wadud  (1999)  observed  similar  results  in
okra  and  by  Haque  (2001)  in  cucurbit.  Therefore,  the
reproductive period was longer under reduced light levels
compared to full sunlight.
Harvesting Duration:  The combined effect  of  different
light levels and varieties on the harvesting duration was
significant  (Table  4).  The  shortest  and  the  longest
harvesting  duration  were  noted  at  100  and  50%  PAR
levels,  respectively,  for  all  the  varieties.  Harvesting
duration was almost same under 25 and 50% PAR levels
for  Ratan  and  25,  50  and  75%  PAR  levels  for  other

varieties.  Within each light level, the response of tomato
varieties in relation to harvesting duration was different.
Under  100% PAR level  the shortest  harvesting  duration
was recorded in case of BARI tomato 3 and Shila varieties
(23  days)  which  was  identical  with  Shila  and  Apurba
varieties.  Under  75%  PAR  level,  the  shortest  fruiting
duration was found in BARI tomato 3, which was closely
followed by Shila. Though Apurba took more time but it
was also identical to Ratan and Shila. Under 50 and 25%
PAR levels,  significantly the longest  harvesting duration
was  recorded  in  case  of  Ratan  variety  but  rest  of  the
varieties  showed  the  similar  harvesting  duration.  Under
shade condition, leaf senescence is delayed which might
prolong the reproductive phase. The present study reveled
that  shading  increased  the  harvesting  duration  by
protecting the plant from direct impact of sunlight.

Table 3. Effect of different light levels on days to first edible harvest of different varieties of tomato 

Variety
Days to first edible harvest

Light levels (% PAR)
100 75 50 25

Ratan 130 a A 129 a A 129 b A 132 c   A
Aparba 129 a B 128 a B 129 b B 136 b   A
BARI tomato 3 130 a B 131 a B 130 b B 137 ab A
Shila 129 a C 130 a BC 133 a A 140 a   A

Table 4. Effect of different light levels on harvesting duration of different varieties of tomato 

Variety
Harvesting duration (Days)

Light levels (% PAR)
100 75 50 25

Ratan 25 a  C 34 ab B 40 a A 38 a A
Aparba 24 ab B 35 a  A 35 b A 34 b A
BARI tomato 3 23 b  B 32 c  A 35 b A 34 b A
Shila 23 b B 33 bc A 34 b A 34 b A

Individual  Fruit  weight:  Fruit  weight  of  tomato  was
affected  by the  combined effect  of  different  light  levels
and varieties   (Table  5).  Fruit  weight  of  Apurba,  BARI
tomato 3 and Shila varieties were identical under different
light levels. Whereas, individual fruit weight of Ratan did
not  vary  remarkably  up  to  50%  PAR  level  though  the
highest  value  was  recorded  under  50% PAR level.  The
smallest  fruits  were  produced  at  25%  PAR  level
irrespective  of  varieties.   Among  the  different  light
treatments, under 100% PAR level, all the tested varieties
gave identical  fruit  weight.  Under  75% PAR levels,  the
heaviest  fruit  (93.58  g)  was  found  in  BARI  tomato  3,
which  was  statistically  identical  to  Apurba  and  Shila.
Ratan gave  the minimum fruit  weight  at  the same light
level. On the other hand, Apurba produced the largest fruit
under  50% PAR level  (96.66  g),  which  was  identically
followed by Ratan and BARI tomato 3. Significantly the
lowest fruit weight was recorded in Shila (79.41 g). Under
25% PAR, the highest and the lowest fruit weights were
found in BARI tomato 3 and Ratan, respectively. 
Fresh yield of tomato:  The combined effect of different
light  levels  and  varieties  on  fresh  yield  of  tomato  was
significant  (Table  6).  Interestingly, all  the varieties  gave
numerically  higher  yield  under  partial  (75%  PAR)  and
moderate  (50%  PAR)  shade  levels  over  full  sunlight
(100% PAR).  In  case  of  Ratan  and Apurba,  the  highest

yield was recorded under 50% PAR level, while the other
two varieties (BARI tomato 3 and Shila) performed better
under 75% PAR level. Aparba, BARI tomato 3 and Shila
produced  almost  similar  yields  under  50,  75  and  100%
PAR levels. The lowest yield for all the varieties was noted
under  the  higher  shade  condition.  Under  all  the  light
levels,  the  highest  and  the  lowest  tomato  yields  were
recorded  in  BARI  tomato  3  and  Apurba,  respectively.
Under 50% PAR level, Ratan and Shila gave the highest
and lowest yields, respectively.  Under 100, 75 and 25%
PAR levels,  Ratan,  BARI tomato  3 and  Shila  produced
statistically identical yields of tomato. On the other hand,
under 50% PAR level, Ratan, Apurba and BARI tomato 3
gave similar fruit yield of tomato. Significantly the lowest
yield  was  recorded  in  Shila  (86.05  t/ha)  which  was
identical to Apurba and BARI tomato 3. The present study
reflected  that  reduced  light  condition  has  a  strong
influence of fresh yield of tomato. Higher yield of tomato
under 75 and 50% PAR levels were attributed due to the
higher  number  of  fruits  per  plant  and  the  heavier
individual fruit weight. Available soil moisture and longer
fruit  development  period  probably  favored  the
development  of  heaviest  individual  fruit.  In  extremely
shade condition (25% PAR),  the photosynthetic  capacity
was  probably  low due  to  low excitation  of  chlorophyll
molecule in photo system.     

Table 5. Effect of different light levels on individual fruit weight of different varieties of tomato 
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Variety
Individual fruit weight (g)

Light levels (% PAR)
100 75 50 25

Ratan 76.47 a A 83.76 b  A 87.39 ab A 69.03 b   B
Aparba 78.71 a A 90.66 a  A 96.66 a   A 78.05 ab A
BARI tomato 3 82.19 a A 93.58 a  A 85.75 ab A 81.94 a   A
Shila 75.45 a A 85.79 ab A 79.41 b   A 73.55 ab A

 
Table 6. Effect of different light levels on fresh yield of different varieties of tomato

Variety
Yield (ton/ha)

Light levels (% PAR)
100 75 50 25

Ratan 76.57 a  B 91.00  a AB 107.38 a   A 71.35 a B
Aparba 65.69 b AB 69.00  b A 92.99   ab A 57.97 b B
BARI tomato 3 88.75 a A 103.87 a A 93.67   a   A 76.40 a B
Shila 83.10 a AB 100.62 a A 86.05   b  AB 60.35 a B

In a column, means followed by a common small letter and in a row, means followed by a common capital letter are not significantly different at the 5%
level by DMRT.

The study revealed that shading affected the expression of
different  morphological  characters,  yield  and  yield
contributing  characters  of  tomato  varieties  grown  at
different  light  levels.  Irrespective  of  varieties,  the  plant
height, days to first edible fruit harvest and the duration of
harvesting period increased gradually with the reduction of
light levels down to 25% PAR. Plants grown at reduced
light levels (75% and 50% PAR) produced higher number
of  fruits  per  plant  as  compared  to  those  grown  in  full
sunlight and 25% PAR levels. Similarly, the yield of fresh
marketable  tomato  was  rather  increased  by  16  and  21
percent when grown at 75% and 50% PAR, respectively
over those grown in full sunlight. The findings of the study
indicated  that  tomato  may  be  a  good  understorey  crop
species for light limiting agroforestry production systems.
However,  as  the study was carried  out  in  an open field
with  artificially  simulated  shading  condition,  the  results
should be validated in actual agroforestry situation before
arriving  to  a  final  conclusion  and  deriving  extension
recommendation.
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