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Abstract

The present world is facing an acute shortage of biomass and developing countries require increase mass of firewood, fodder
and fibres. In view of filling these requirements an increased investigation into fast growing, nitrogen fixing and fibre
obtaining plant species has been required. Thus present study is an attempt to envisage the biomass productivity of Sesbania
cannabina Poir. in different planting densities. Sesbania cannabina Poir. is a multipurpose leguminous crop with many
unexplored economic uses. Environmental factors such as planting density greatly affect the biomass production of a plant
species. Plant products such as leaves, fibres etc. are directly correlated with the biomass production of a plant species.
Therefore it is important to study the effect of planting density on the biomass production of a plant. Planting densities affect
various parameters of plants such as germination percentage, survival percentage, plant height, stem breadth, number of
leaves, leaf length, pod length etc. Therefore present study is an attempt correlates the different planting densities with these
morphological parameters. The present study was conducted at Department of Botany, University of Allahabad, India. The
experiment was based on complete randomized block design with three replicates using five different planting densities viz.
1, 10, 25, 50 and 100. Means study showed that highest biological yield was achieved under plants within lowest density set.
The results of this experiment showed that planting density is an important effective factor on quantity and morphological

characteristics of plants that they can greatly affect yield of Sesbania cannabina Poir.

Keywords: Germination, morphological characteristics, planting densities, Sesbania cannabina, survival.

Introduction

Sesbania cannabina Poir. is a multipurpose leguminous crop
and is widely used as green manure crop to increase the yield of
rice, wheat and maize etc. Due to vigorous growth and high
potential to increase their biomass during rainy season, it is used
as green manure for many important food crops. Sesbania seed
contains 30-36% crude protein and is at present not being used
for other agricultural or industrial purposes. A very little
attention has been paid for this crop which may lead into its
widespread use among fodders and food resources. It may be a
potential source of nitrogen for other plants and proteins for
cattle as being a leguminous plant. It is grown during the
summer season and is widely adaptable to different adverse
climatic conditions like drought, waterlogging, soil salinity,

etc'.

Planting density is among the most important factors
influencing the yield and yield components of crops. The
increasing cost of crop planting has resulted in increase in
determining optimal planting densities for various crops.
However, manupulation of planting density greatly affects the
growth and growth parameters of crops. Population density or
the number of adults in an environment related to the limiting
resources may have important long and short-term
consequences for the longevity of organisms. Plant density has
been recognized as a major factor determining the degree of
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competition between plants. Yield per plant decreases as the
density per unit area increases. High planting density results in
intra-specific competition among population for various
resources. The net productivity of plants will also be affected by
incresing planting densities as it affects light penetration and
increases competition for various nutrients present in soil. If the
planting density is lower than its optimum value then total
production will be lower and weeds will be higher’. Higher the
planting density, higher will be the canopy, which results in
increased solar radiation capture. In addition, increasing
planting density will also increase intra-specific competition
among the plants which affects the vegetative and reproductive
growth of plants’. Higher planting density also increases the
relative humidity within canopy and leaf wetness by reducing
air movement and sunlight penetration within canopy””. Thus
plant density could have significant impact on plant disease
incidence™®. Reduction in seed yield may be the result of lower
number of pods, lower seed weight or a combination of these
components. In dense populations, many seeds may not
develop. Jettner et al. stated that increasing yields at high
sowing rate could be directly attributed to large plant
population’. Regan et al. concluded that there was strong
relationship between economic optimum plant density and seed
yield potential®. Increasing planting density is negatively
correlated with fresh weight/plant, the marketable fresh
weight/plant and head size of the plants. It is, therefore,
necessary to determine the optimum density of plant population
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per unit area for obtaining maximum yields, for which it is
important to know the effect of increasing planting densities on
plant yield and biomass production. The present study was
undertaken to study the effect of increasing planting densities on
germination, survival ~and  different =~ morphological
characteristics of Sesbania cannabina.

Material and Methods

Procurement of seeds: Seeds of Sesbania cannabina variety
ND-1 were obtained from Sunn Hemp Research Station,
Pratapgarh, Uttar Pradesh, India.

Sowing of seeds: The experiment was conducted as a pot
experiment in a randomized block design with three replicates.
Weather conditions of experimental site were hot and dry during
sowing period (May). The five plant densities (1, 10, 25, 50 and
100) were applied. Dry and healthy seeds were soaked in water
for 14 hr and were used for sowing in large cement made pots.

Field study and scoring of data: Data for germination
percentage and survival percentage were taken after 15 and 30
days of sowing, respectively. In order to determine the yield and
other characters under varying plant densities data for plant
height was taken twice (after 30 days and 45 days) and data for
stem girth, number of leaves, leaf length, internode length and
pod length were taken after 45 days of sowing.

Statistical Analysis: All statistical analyses including One-way
Anova were performed using SPSS 11.0 software.

Results and Discussion

Germination and survival percentages: The germination and
survival in seeds of density stress sets of S. cannabina were
evaluated and have been presented in table-1. The overall
estimation of germination and survival percentages illustrated
that these parameters were greatly affected by increasing plant
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Figure-1
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densities. The maximum germination and survival percentage
among all the five density sets was observed in case of 1
plant/pot set which was noted to be 100%. It shows that this set
caused no inhibition on seedling germination and survival. The
density sets with increasing numbers of seeds were affected and
germination and survivability percentages lowered to a greater
extent at 100 seeds/pot. The germination was found to decrease
from 100% at 10-plants/pot set to percentage of 70.29% at 100-
plants/pot set. While, the survivability was observed to fall off
from 93.33% (10-plants/pot set) to 70.29% (100-plants/pot set).
Thus, the two lower densities of 10-plants/pot and 25-plant/pot
do not significantly affect the germination and survival
percentages.

Table-1
Effect of different planting densities on germination and
survival percentages of Sesbania pea

Planting Germination % Survival %
densities (mean) (mean)
1 100 100
10 100 93.33
25 89.32 88.15
50 88 74.12
100 83 70.29

Morphological parameters: The morphological parameters
(figure-1 and 2) such as plant height, stem girth, number of
leaves per plant, leaf length, pod length of each density set were
evaluated and result showed that planting density significantly
affected plant height, stem girth, number of leaves/plant, leaf
length and pod length (table-2 to 7). The range (Max. and Min.),
general mean, standard error and standard deviation have been
calculated for each parameter of all the density sets. A wide
spectrum of variability was encountered in each case. A density
dependent increase in plant height at certain level was observed
in each set. Comparative description of these has been discussed
below.
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Plant experimental set after 30 days of sowing
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Figure-2

Plant experimental set after 45 days of sowing
Table-2
Plant height after 30 days (cm)
Planting Densities *Mean Std. Deviation Std. Error of Mean Minimum Maximum
Control 35.0000 . . 35.00 35.00
10plants /pot 37.3000™ 3.19896 1.01160 32.00 42.00
25plants/pot 39.7000® 4.71522 1.49108 29.00 45.00
50plants/pot 44.6000 ™ 6.97933 2.20706 32.00 52.00
100plants/pot 33.6000 ™ 3.20416 1.01325 28.00 39.00
Table-3
Plant height after 45 days (cm)

Planting Densities **Mean Std. Deviation | Std. Error of Mean | Minimum Maximum
Control 102.0000 . . 120.00 120.00
10plants /pot 106.9000 8.90006 2.81445 89.00 120.00
25plants/pot 107.1000* 9.88208 3.12499 95.00 120.00
50plants/pot 111.6000* 6.51835 2.06128 105.00 125.00
100plants/pot 93.4000*° 8.89694 2.81346 80.00 110.00

Table-4
Stem girth (cm)
Planting Densities *Mean Std. Deviation Std. Error of Mean Minimum Maximum
Control 3.5000 . . 3.50 3.50
10plants /pot 22300 12042 .05385 2.10 2.40
25plants/pot 1.8800 .08367 .03742 1.80 2.00
50plants/pot 1.6400* 11402 .05099 1.50 1.80
100plants/pot 1.3800 13509 .06042 1.25 1.60
Table-5
Number of leaves/ plant
Planting Densities *Mean Std. Deviation Std. Error of Mean Minimum Maximum
Control 28.0000 . . 28.00 28.00
10plants /pot 22.6000 " 2.88097 1.28841 19.00 27.00
25plants/pot 19.4000 ™ 1.51658 .67823 17.00 21.00
50plants/pot 17.2000 ™ 2.38747 1.06771 14.00 20.00
100plants/pot 15.4000 ™ 2.07364 92736 12.00 17.00
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Table-6
Leaf length (cm)
Planting Densities *Mean Std. Deviation Std.l\}il:;gr of Minimum Maximum
Control 29.8000 1.48324 .66332 28.00 32.00
10plants /pot 21.2000% 1.64317 73485 19.00 23.00
25plants/pot 19.0000* 1.58114 70711 17.00 21.00
50plants/pot 17.4000 1.51658 .67823 15.00 19.00
100plants/pot 14.4000 1.14018 .50990 13.00 16.00
Table-7
Pod Length (cm)
Planting Densities **Mean Std. Deviation | Std. Error of Mean Minimum Maximum
Control 24.3000 1.35810 42947 22.00 26.00
10plants /pot 20.9500*° 1.23491 .39051 19.00 23.00
25plants/pot 18.7200* .94962 .30030 17.00 20.00
50plants/pot 18.3000*° 1.45678 46068 16.50 21.00
100plants/pot 16.1900* 2.07335 .65565 11.00 18.00

*Mean value of 5 plants at each density level, **Mean value of

10 plants at each density level, Means in each row followed by

unlike letters shows that difference compared to control values are significant at p<0.05 = a, at p<0.01=b.

Plant height after 30 days (table-2): The mean height of the
plant of the lowest density has been recorded as 35 cm. The
plants of subsequent densities exhibited an increase in height
upto the density level of 50 plants/ pot, and reduced very much
at the highest density level of 100 plants/ pot. The maximum
plant height was observed at 50 plants/ pot and was observed to
be 44.60 cm which was much higher than the control value.

Plant height after 45 days (table-3): The mean height of
control plant after 45 days was observed to be 102cm, which
increases upto planting density of 50 plants/ pot and reduced
much as compared to control at 100plants/pot density level. The
maximum plant height was observed to be 111.60cm at the
density level of 50 plants/ pot.

Stem girth after 45 days (table-4): The mean value of stem
girth of different planting density levels shows a linear decrease
in stem diameter with increase in planting densities. The mean
values for maximum and minimum stem girth were observed to
be 3.5cm and 1.38cm at planting densities of 1 plant/pot and
100 plants/ pot, respectively. Thus increasing planting density
negatively affects the stem girth.

Number of leaves per plant after 45 days (table-5):
Evaluation of number of leaves/plant for lowest to highest
density set displayed a wide spectrum of variation. The lowest
density set exhibited number of leaves per plant as mean of
28.0. However, subsequent sets exhibited lower mean values of
total number of leaves/plant than the lowest density set. The
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maximum reduction in number of leaves/plant was observed in
case of 100 plants/pot set where a severe decline from 28 leaves
(at lowest density set) to 15.40 (at highest density set) was
registered.

Leaf length after 45 days (table-6): Estimation of mean values
of leaf length was observed to be maximum at the planting
density of I plant/pot and it showed a linear decrease in leaf
length with increasing planting densities. The maximum and
minimum mean values for leaf length were observed to be
29.80cm and 14.40cm at the planting densities of 1 plant/pot
and 100 plants/ pot, respectively.

Pod length (table-7): The mean values for pod length showed a
linear decrease with increasing planting densities. The mean
values for maximum and minimum pod length were observed to
be 24.30cm and 16.19cm at the planting densities of 1 plant/pot
and 100 plants/ pot, respectively.

Discussion: Competitive stresses among plants pose a serious
limitation on crop yield and yield parameters. Competition
among plants occurs when plants require similar nutrients or
factor and that nutrient or factor have limited supply below the
combined demands of the plants’'’. These necessary factors
may be water, nutrients, sunlight, carbon dioxide or oxygen.
Plants exhibit extreme plasticity by responding in size and form
to the available space’. Donald emphasized the importance of
measuring the three parameters: density, yield of dry matter and
seed yield, together’. These results have agricultural



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 2(9), 48-53, September (2013)

implications. Furthermore, higher plant density is desirable so
that the crop can compete successfully with weeds at the
beginning of the growing season. Increasing planting density
lead to growth competition for achieving more spacing, this
inhibits underground growth but enhances the stem growth''"”.
Thus, planting density has significant effect on plant growth.

In some cases, higher planting densities may be used to
compensate lower germination. Norton et al. reported that
growers in northern Arizona increase seeding rates to ensure
sufficient plant germination'*. However, this strategy can prove
detrimental if germination is not hindered. In contrast to
previous information, Heitholt , Silvertooth and Bednarz et al.
provided evidence that increased plant densities can negatively
affect crop yield”"’. Jones and Wells reported that lower
densities result in more light penetration and lower plant
competition, causing a shift in sink/source ratios'®.

The results showed that plant density stress had significantly
affected on biological yield, leaf number, leaf length, pod
number and stem girth however plant height had not been
negatively affected with plant density stress (table-2 and 3). As
it was shown in the results of this study, stress had a negative
effect on most of the Sesbania pea characteristics under study.
Plant height showed an increasing trend with increasing planting
densities. Similar results have been reported by Zhang et al.” in
maize hybrids and Mobasser et al."” in rice cultivars. The
increase of planting density causes increase in plant height and
debilitates stems by decrease of stem diameter. Environmental
conditions during stem elongation pose a serious limitation on
stem diameter. Konuskan™ and Mobaser et al.'® reported that
stem diameter was lower in higher plant densities as a
consequence of inter plant competition. Our study depicts that
the pod length was significantly affected by the planting
densities and pod length tend to decrease with increasing
pla:nting densities. Similar trend was also reported by Zhang et
al.”

Conclusion

Present investigation showed that planting density is an
important and effective factor affecting quantity and quality of
plants. Plants susceptibility to variation in planting densities
generated intense effort to understand how it affect yield of crop
plant and also to decide optimum density for the species. There
has been much theoretical speculation about the possible impact
of population density on the evolution of longevity but little
experimental evidence has been gathered to test these ideas. Our
study is a little contribution towards this field of work.
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