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Abstract: In this study, low light responses of eight garden pea (Pisum sativum) genotypes were investigated
in the in terms of physiological attributes. The light treatments consisted of (i) 100% photosynthetically active
radiation (PAR) measured in the open field and (ii) 25%, (iii) 50%, (iv) 75% reduction of natural PAR obtained
by using nets of variable color and mesh number. Among the genotype tested in the experiment leaf area (LA)
increased with the reduction of PAR in P 30 and Local white but LA reduced in rest of the genotypes.
Reduction of specific leaf weight (SLW) was recorded in all the genotypes as light level was reduced. At 25%
PAR genotypes IPSA 1, P 30, P 52 and Local white maintained maximum leaf weight ratio (LWR) and the
increasing pattern with reducing light intensities was higher in P 30, P 52 and Local white compare to IPSA 2
and IPSA 3. The rate of photosynthesis decreased more of less with equal magnitude with the decreasing light
level from 100% to 25% of PAR as measured only in IPSA3 and P30. The results lead to suggest that among
the eight garden pea genotypes tested in the present experiment P30 and local white performed better under
low light environment whereas IPSA3 was found as sensitive to reducing light intensity.

Key words: Photosynthesis  Leaf area  Stomatal conductance  CO  Dry matter2

INTRODUCTION degree of shading is generally controlled by the nature,

Legumes are large group of plants second to the Garden pea Pisum sativum grown at the low light
cereals as a source of food for man and as forage crop. level had markedly different physiology from those grown
The demand of legume crops is increasing rapidly due to under normal light. The shade leaves are generally lacking
the ever-increasing population. The production of legume in well-organized palisade layer (one or two) and the
crops increasing continuously. The possible way of mesophyll consists primarily of spongy cells with much
increasing the production of legume crops may be more intercellular air space [2,3]. As a consequence, the
growing associated with other crops/trees. legumes are shade leaves are thinner with lower Specific Leaf Weight
potential intercrop, is commonly grown with tall growing (SLW) [4]. Increased LAR occurring with reduced SLW of
crops or trees. But legumes are sensitive to reduced light plant grown under low irradiance has been associated
level and often suffer due to shading caused by with reduced leaf thickness [5].
associated crop. Growth of autotrophic plants is directly Shading reduced photosynthesis, transpiration,
and dramatically influenced by light intensity (i.e. partitioning biomass from vegetative parts to economic
quantum flux density) which is the driving force of parts and increased stomatal and mesophyll resistance in
photosynthesis and provides nearly all of the carbon and crop plants. The shading decrease the thickness of leaf
chemical energy needed for plant growth [1]. In any mesophyll [6] and this occur due to formation of thinner
habitat, light intensity varies seasonally, diurnally and palisade layer. Shading caused an increased in 98% in
spatially (such as within or between a canopy of a given mesophyll resistance to diffusion of CO , stomatal
plant stand). Yield reduction by shading will depends resistance to CO  diffusion increased by 48% [7]. Under
upon crop species as well as the degree of shading. The shade condition leaf senescence is delayed. 

age and characteristics of upper storey trees. 
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Generally, adaptive responses of plant to low harrowing  and  laddering  up to a good tilth. The plot
irradiance are increase of leaf area ratio, chlorophyll
content, leaf to stem mass and stem length. On the other
hand the adaptive responses also include decreased of
leaf thickness, chl a to b ratio and root growth relative to
shoot growth [8,9]. 

Therefore the present investigation is carried out to
identify the low light tolerant garden pea genotypes by
comparing the relative performance of eight garden pea
genotypes under different levels of reducing light and
identifying the physiological parameters contributing to
low light tolerance.

MATERIALS AND METHODS

The experiment was carried out at the research field of
Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU), Salna, Gazipur, Bangladesh. The
study site is located at 24º09' North latitude and 90º26'
East longitude, at an elevation of 8.4m above the sea level.
The soil of BSMRAU farm belongs to Salna Series of
Shallow Red-Brown Terrance Soil type with silty clay in
surface and silty clay loam in sub-surface region [10,11].
Temperature during the cropping period ranged between
12.2°C to 31.2°C. The humidity varied from 73.52% to
81.2%. The day length ranged between 10.5-11.0 hours
only and there was no rainfall during the experimentation.

Eight genotypes of garden pea used in the experiment were as follows-
Name of the genotypes Characteristics
1. IPSA 1 Shorter plant, duration 70-80 days,

Light-brown colored seed
2. IPSA 2 Shorter plant, duration 80-90 days,

Green colored seed
3. IPSA 3 Tall and first growing, duration 100-110 days,

grey colored seed
4. P 30 Seed round and white in color
5. P 51 Seed wrinkled and brown in color
6. P 52 Seed wrinkled and brown in color
7. J 1 Height as like IPSA 3, pink colored flower
8. Local white Flower white in color, Brown colored seed

The experiment was conducted in a split-plot design
with three replications. Four light treatments were
assigned in main plots and eight varieties were arranged
in subplots. Individual plot consisted of 2 m long rows
accommodating 3 rows of each genotype. Natural light
was considered as 100% Photosynthetically Active
Radiation i.e. 100% PAR. The main plot treatments were
four  light  levels,  such  as:  T =  100%  PAR  (Control),1

T = 75% PAR, T = 50% PAR, T = 25% PAR.2 3 4

These reduced light levels were created by using
nylon nets as compared to open field light (100% PAR).
The land was well prepared with the tractor followed by

were leveled smoothly and prepared according to the
design and layout. The Fertilizers were applied as per
recommendation.

The plots were kept weed free by weeding frequently
and irrigated whenever needed by using hose pipe to
supply sufficient soil moisture.

Five plants from each treatment were selected for data
collection. With the help of the recorded data, Specific
leaf area (SLA), Specific leaf weight (SLW) and leaf weight
ratio (LWR) were calculated using following formula:

SLA (cm g ) = Leaf area ÷ Leaf dry weight 2 1

SLW (g cm ) = Leaf dry weight ÷ Leaf area 2

LWR = Leaf dry weight ÷ above ground dry weight 

Leaf gas exchange was measured at pod filling stage
using a portable photosynthesis system (LICOR-6200)
assembled with an Infra Red Gas Analyzer (IRGA) and
data logger following the procedure described by Kubota
and Hamid [12].

The data on various parameters were statistically
analyzed by using MSTAT-C software [13]. The treatment
means were compared by LSD test at 5% level of
significance.

RESULTS AND DISCUSSION

Leaf Area: Leaf is the major photosynthetic organ in
plants, which generally expressed through the final dry
matter production. Under low light condition,
considerable  changes  in leaf morphology occurred
(Table 1). At 25% PAR leaf area (LA) expansion was lower
compare to control (100% PAR) condition with an
exception in P 30 and Local white where expansion of leaf
area was slightly higher than control. Morita et al. [14]
reported that total leaf area increased significantly in
grasses whereas in legume it increased slightly under
shade condition. Shading up to 25 percent (75% PAR)
during pod filling stage alone reduced the leaf area in
peanut [15]. In the present experiment, the genotypes
IPSA 2, P 30, J 1 and Local white showed the highest leaf
area at 50% PAR level. Then a drastic reduction in leaf
area under further reducing of light level (25% PAR)
found in IPSA 2,IPSA 3 P 51 and P 52 genotypes compare
to  other  genotypes,  though  the maximum leaf area
(70.23 cm leaf ) was found in IPSA 3 under control2 1

condition considering all genotypes. At 100% PAR level,
leaf area was higher in IPSA 1, IPSA 3, P 51 and P 52 than
grown in other three light levels. Increase in LA under
reduced light level can be considered as an adaptation to
compensate the total light harvest.
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Fig. 1: Effect of different light levels on SLW of eight (8) garden pea genotypes (average) at pod filling stage

Fig. 2: Leaf weight ratio (LWR) of eight garden pea genotypes under different light levels

Specific Leaf Weight: Specific leaf weight (SLW) was and Local white compare to other genotypes (Fig. 2).
lower in shaded plants than in the normal plants  [15]. The However, the values of LWR in P 30, P 52 and Local white,
maximum SLW was obtained from 100% PAR level, which were more or less same between 75% PAR and 25% PAR
was closer with 75% PAR level (Fig. 1). Considering all the level. LWR slightly increased in shade tolerant species
genotypes significantly lowest specific leaf weight (SLW) and decreased in shade intolerant species with decreasing
was obtained at 25% PAR level. Singh [16] reported that light intensity [17,18]. These results were consistent with
SLW of legume crops reduced drastically by low those reported for green gram and groundnut [16].
radiation. Similar observation of decreasing SLW cause of Under reduced light levels plants had a tendency to
shading has been reported in tall fescue [2]. Decrease in increase their LA rather than investing tissue in order to
SLW  means  reduction  of  tissue  available  in  an unit harvest more light and the plant in which this type of
LA indicating the sensitivity of a genotype to low light tendency is shown suppose to be tolerant type and they
level. The genotypes showing little change in SLW might also maintained more or less similar SLW under reduced
be less tolerant to low light. Because it is apparent that light condition compare to control. The plant with higher
when light is the limiting factor for photosynthesis, then SLW (thick leaf) possesses more mesophyll cells for
it might bring limited advantage from investing more leaf photosynthesis. Under reduced light levels the genotypes
tissue in unit LA for photosynthesis. which maintain higher LWR also considered as tolerant

Leaf Weight Ratio: At 25% PAR level, the genotypes LA and harvest more light resources, only in that case the
IPSA 1, P 30, P 52 and Local white maintained maximum plant may resist to reduction of total dry matter. As such
leaf weight ratio (LWR). The increasing pattern of LWR low light adaptive genotypes allowed to develop large leaf
with decreasing light intensities was higher in P 30, P 52 area  by  allowing  more  dry  matter  to it which would be

type. If plants allocate more tissue for producing larger
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Table 1: Leaf area (LA) of eight garden pea genotypes under various
reduced light levels

Genotypes Light levels (%PAR) LA(cm leaf )2 1

IPSA 1 100 17.5 (100)
75 17.4 (99)
50 16.93 (97)
25 14.00 (80)

IPSA 2 100 47.23 (100)
75 29.13 (62)
50 48.50 (103)
25 25.20 (53)

IPSA 3 100 70.23 (100)
75 54.27 (77)
50 35.07 (50)
25 34.93 (50)

P 30 100 18.8 (100)
75 16.57 (88)
50 24.53 (130)
25 20.33 (108)

P 51 100 50.80 (100)
75 37.43 (74)
50 38.67 (76)
25 31.30 (62)

P 52 100 57.07 (100)
75 40.70 (71)
50 49.77 (87)
25 36.50 (64)

J 1 100 64.97 (100)
75 52.83 (81)
50 67.30 (104)
25 54.80 (84)

Local white 100 18.50 (100)
75 23.33 (126)
50 30.70 (166)
25 22.03 (119)

Figures inside the parenthesis indicate relative change in percentage over
control

reflected through larger LWR as in P 30 and Local white.
That is, in this type of plant the investment into leaf
increases with decreasing light intensities. With the
above statement P 30, P 52 and Local white may be
considered as low light stress tolerant genotypes.

Gas Exchange: The gas exchange characteristics of two
genotypes i.e. IPSA 3 and P 30 were measured where,
IPSA 3 represents the adversely affected or sensitive type
and P 30 represents the less affected tolerant type under
low light stress.

The photosynthetic rate decreased with decreasing
PAR level in both of the genotypes IPSA 3 and P 30
(Table 2). The rate of photosynthesis was reduced to
about half of the control (100% PAR) under high shade
i.e. at 25% PAR, but the reduction was higher in IPSA 3.
Under full sun light larger quantity of tissue was
distributed to leaves showing higher LWR (Leaf Weight
Ratio) and contains more photosynthetically active cells,
results in higher rate of photosynthesis [19]. LWR was
higher in P 30 compare to IPSA 3. The low photosynthetic
rate in shade grown plants can be attributed to the lower
RuBP carboxylase activity [20] and lower stomatal
conductance [21]. Woledge [22] suggested that the
decrease in photosynthetic capacity of shade grown
plants was attributed to both stomatal and mesophyll cell
properties. High photosynthetic rate in high light
intensity is found to depend on the higher stomatal and
mesophyll conductance [23].

Stomatal conductance in garden pea genotypes
grown with different PAR level decreased with decreasing
light intensities with an exception in P 30 where highest
stomatal  conductance  (g )  was  found  in  75%  PARs

level  (Table  2).  The  decrease  of  stomatal  conductance
in  plants  grown   in   shaded    conditions  was  probably

Table 2: Effect of different light levels on gas exchange characteristics in IPSA 3 (susceptible) and P 30 (tolerant) genotypes of garden pea at pod filling stage

Gas exchange characteristicsa

------------------------------------------------------------------------------------------------------------------------------------------------

Light level Photosynthesis Mesophyll conductance Intercellular Stomatal conductance

Genotypes (% PAR) (µ mol m  s ) (cm s ) [CO ] (ppm) (cm s )2 1 1 -1
2

IPSA 3 100 10.82±0.61 0.0343 315.37±4.18 2.02±0.02

75 8.68±0.16 0.0280 309.97±4.94 1.79±0.03

50 7.08±0.19 0.0249 284.23±3.71 2.00±0.03

25 6.93±0.40 0.0216 320.57±1.75 1.95±0.005

P 30 100 15.19±0.84 0.0515 294.7±3.10 3.11±0.02

75 19.38±1.59 0.0580 333.8±10.85 3.95±0.03

50 8.65±3.08 0.0292 295.33±10.4 2.23±0.03

25 10.10±1.02 0.0314 320.77±2.15 2.75±0.06

Mean ± Standard deviationa
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due to lower stomatal density [2]. Larger decrease in 5. Corre, W.J., 1983. Growth and morphogenesis of sun
mesophyll conductance (g ) with decreasing lightm

intensity contributed to the reduction of leaf
photosynthesis in IPSA 3. On the other hand in P 30
mesophyll conductance was higher (0.058 in 75% PAR
level) and leaf photosynthesis was also higher in the same
PAR level compare to other three PAR levels inspite of
reduced stomatal conductance.

The  intercellular  CO   concentration  increased2

under low light stress (25% PAR) condition in both the
genotypes, exhibiting the lower CO  fixation rate (Table 2).2

As light was lowered the stomatal conductance was also
lowered in both of the genotypes. Similar results have
also been reported by other authors [2,21]. They found
that stomatal conductance was decreased mainly because
of reduced number of stomata due to reduced light. In the
present experiment reduced mesophyll conductance was
recorded without any clearly visible corresponding
changes in internal CO  concentration (Table 2).2

Photosynthesis was reduced which was more or less
coincided with mesophyll conductance reflecting the poor
carboxylation activity in the mesophyll. These indicate
that carboxylation efficiency (mesophyll conductance)
decreased with decreasing light level eventually affected
the rate of photosynthesis to a greater extent than
stomatal conductance. This is clearly reflected that
photosynthetic enzyme such as RuBP carboxylase might
have  some  limitation  under low light condition to fix
CO . So, considering all PAR levels as the mesophyll2

conductance was higher in P 30 compare to IPSA 3 the
photosynthetic rate was lower in every case. Kubota and
Hamid [12] also reported that the reduction of
photosynthesis due to low light conditions in mungbean
and blackgram.
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