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Fodder Productivity of Flemingia Macrophylla
under Different Planting Density, Defoliation
Management and Fertilizer Application

R. P. Ghimire®, K. P. Kayastha®, N. R. Devkota®& M. R. Tiwari ®

Abstract- Flemingia macrophylla (Willd) Merril is a perennial
leguminous shrub with higher potential of fodder use. The
objective of the study was to identify its appropriate planting
density, defoliation management, and fertilizer doses to the
mature stands. The planting density experiment consisted of
five treatments of different planting densities (15873, 18518,
22222, 27777 and 37037 plants ha™) with four replications in a
Randomized Complete Block Design (RCBD). Similarly, the
defoliation management experiment was conducted in a 2x3
factorial combination using RCBD. The combinations of
different levels of two factors; defoliation frequency (8 and 12
weeks interval) and defoliation intensity (0.25, 0.50 and 0.75 m
defoliation height above the ground level), were used as
treatments and replicated five times. Subsequent experiment
was conducted on the three-year old mature stands of F.
macrophylla for testing the treatments of five graded levels of
phosphorus (P), viz. 0, 10, 30, 50 and 70 kg ha™'. Each level of
P was combined with 30 kg N ha'. The experiment was
conducted in RCBD with four replications. The results of the
planting density experiment revealed that the F. macrophylla
yielded highest fodder dry matter (DM) at very low plant
density (p<0.001), without affecting nutrient composition
(p>0.05). Likely, the results of the defoliation management
experiment showed that higher fodder DM was obtained from
the treatment of 12 weeks defoliation interval. The fodder DM
was found higher while the defoliation was done in 0.75 m
from the ground level. The interaction effects of defoliation
intervals and defoliation heights were similar (p>0.05). The
results from the P fertilization experiment had revealed that the
fertilization by 50 kg P ha” with 30 kg N had significantly
higher (p<0.001) fodder DM than lower levels of P application,
whereas fertilization of different levels of P had similar nutrient
composition on the fodder. The results of these experiments
suggested that F. macrophylla could produce higher biomass
at low level of planting density (15873 plants ha™); with
delayed defoliation interval of 12 weeks maintaining 0.75 m
defoliation height. Likewise, the fodder yield of mature stands
of F. macrophylla could be substantially increased by the
fertilization with 50 kg P and 30 kg nitrogen per hectare. The
information could be used for the preparation of cultivation
practices of F. macrophylla to increase the fodder productivity.
Keywords: biomass, defoliation height, defoliation
interval, planting density, digestibility.
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L. [NTRODUCTION

the Asian and African countries rely on the green
fodders. Feed deficit, especially the green
fodders, is the foremost problem of ruminant livestock
enterprises in those countries (Younas and Yahoob,
2005; Upreti and Shrestha, 2006; Pariyar et al., 2013).
To tackle with this situation, it has thus been necessary
to promote possible shrubs, trees and herbs which may
produce larger biomass of quality fodders (Yadav and
Devkota, 2005).

Flemingia macrophylla (Willd.) Merrill is a
multipurpose perennial leguminous shrub that can
supply fodders all the year round. It is a woody deep
rooting shrub naturally distributed in Southeast Asia,
Southern China, Taiwan, India and Sri Lanka in the sub-
humid to humid. It is relatively high vyielding legume
fodder with high calcium and protein content (Dzowela
et al., 1995). Where adopted and once established, the
species grows very vigorously (Singh, 2000) and has an
excellent coppicing capacity and re-growth after cutting.
When cut, the plant forms a tussock by producing
numerous shoots from buds at the lower part of the
stem near the base (FFTC, 2004). F. macrophylla is
receiving the significant attention as a fodder in recent
years due to its higher biomass productivity (Kharel,
2000) and better fodder quality (Sharma, 2006;
Chaudhari, 2007). But, the information on appropriate
cultivation  practices, especially planting density,
defoliation management and fertilization to mature
stands are scanty. Therefore, the experiments were
conducted during 2003/04 to 2006/07 at Rampur,
Chitwan, Nepal with the objectives of investigation in
appropriate cultivation practices of F. macrophyila.

q uminant livestock production systems in many of

[I.  MATERIALS AND METHODS

The experiments were carried out on upland site
of Rampur, Chitwan district, Nepal at 27°40’' N, 84°19’ E
and 228 masl. The soil was sandy loam, fairly well
drained with medium fertility having 5.4 pH. The
maximum temperature on the experimental site was
ranged from 24.34°C (December) to 36.04°C (May) and
minimum temperature was from 7.8°C (January) to
26.2°C (July). Likely, the annual rainfall varied from
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2105.8 to 2468.5 mm during the experimental years with
higher precipitation in June to September.

A couple of experiments were carried out from
2010 to 2012. Planting density experiment was
conducted by using Randomized Complete Block
Design (RCBD) with five treatments and three
replications. Five different planting densities; 15873,
18518, 22222, 27777 and 37037 plants ha™, were used
as treatments. Constant row to row (RR) of 0.9 m
distance were maintained for every treatment and plant
to plant (PP) distance was varied. The treatments were:
very low plant density (0.9x0.7 m?), quite low plant
density (0.9%x0.6 m?), normal plant density (0.9x0.5 m?),
high plant density (0.9x0.4 m?), and very high plant
density (0.9x0.3 m?) . The plot size was 37.80 m? and
the numbers of plants were adjusted for different
densities. The nutrient content of the soil was 2.83%
organic matter, 0.15% nitrogen (N), 43.7 kg ha™' P and
183.4 kg ha' potash (K). Three months old saplings,
which were raised in the polythene pots, were
transplanted. The saplings were 20 to 25 cm in height
and three to six leaf-stage with thin-stem. The fodder
was harvested at the height of 50 cm above ground
level. Three harvestings were monitored during the study
and their cumulative DM production was calculated.

The subsequent experiment on defoliation
management was conducted by using RCBD in 2x3
factorial arrangements, with five replications. The
treatment combinations of two levels of defoliation
frequency (8 and 12 weeks defoliation interval), and
three levels of defoliation intensity (defoliation height of
0.25, 0.50, and 0.75 m from the ground level) were used
for the study. The plot size was 7.56 m? plot' and each
plot consists of 12 plants. The RR and PP distances
were maintained 0.90 m and 0.70 m, respectively. The
fresh green fodder mass were monitored in three
harvestings and cumulative DM yield was calculated.

Phosphorus  fertilization  experiment  was
conducted during June 2010 to January 2012 to assess
the effect of different levels of P fertilization on the
fodder vyield of three-years-old mature stands of F.
macrophylla. Five treatments of different graded P levels
were compared with four replications in RCBD. The
treatments (0, 10, 30, 50 and 70 kg P ha™) were used
with uniform basal dose of N (30 kg ha'). The
experiment was executed by maintaining the spacing of
090 m RR and 0.70 m PP. Before setting of the
experiment, average number of branches of the three-
year old mature stands of F. macrophylla was 17.33
plant™; average branch height was 1.21 m and average
number of compound leaves plant’ was 305. The
observations were taken by defoliating at 0.75 m height
from the ground level at 12 weeks defoliation interval.
Two harvests of fodders were monitored during the
study and the cumulative DM vyield was calculated.
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a) Herbage Analysis

The nutrient analysis of green leaf samples were
done in the laboratory of Animal Nutrition Division,
Khumaltar, Lalitpur, Nepal and Animal Nutrition
Laboratory, IAAS, Rampur, Chitwan, Nepal. Samples
from each experiment were dried at 70°C for 24 hours
and dry matter (DM) content calculated. The proximate
constituents; crude protein (CP), ether extract (EE),
crude fiber (CF), total ash (TA), nitrogen free extract
(NFE) were determined according to the conventional
method (AOAC, 1990). Estimation of neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid
detergent lignin (ADL) (sulfuric acid lignin) was carried
out according to the methods suggested by Van Soest
etal. (1991).

b) Statistical Analyses

The data were analyzed by using analysis of
Variance (ANOVA) for all of three experiments. The
statistical analyses were carried out by using GenStat
Discovery Edition (2011). The multiple comparisons
among treatment means were performed by using
Duncan's Multiple Range Test (DMRT).

[1I.  RESULTS AND DISCUSSION

a) Effect of planting density to fodder production

Dried fodder vyields for the different planting
density of F. macrophylla were significantly different
(p<0.001). Plants under very low plant density had
produced significantly higher fodder mass than other
treatments (p<0.001), where as very high plant density
produced lower fodder dry matter (Table 1). The fodder
DM vyield under quite low density, normal density and
high density were statistically similar (p>0.05).

Table 1 : Effects of planting density on fodder yield of F.

macrophylla

Treatments Fodder yield

(DM, t ha™)
Very low density (0.9 x 0.7m?) 4.46°
Quite low density (0.9 x 0.6 m?) 3.06°
Normal density (0.9 x 0.5 m?) 2.93°
High density (0.9 x 0.4 m?) 2.73%
Very high density (0.9 x 0.3 m?) 2.26°
S.E. 0.14

The mean within the same column with different
superscripts differ significantly.

The Nutrient compositions of F. macrophylla
fodder produced under different planting density are
presented in Table 2. The proportions of CP, CF and TA
were not significantly affected by the variation in planting
densities (p>0.05). The CP, CF and TA contents of the
fodders were ranged from 15.96 to 16.91%, 23.46 to
23.79% and 6.05 to 6.35%, respectively.



Table 2 : Effect of different planting density on nutrient composition of F. macrophylla, %

Treatments Crude protein Crude fibre Total Ash
Very low density (0.9 x 0.7m?) 16.91 23.62 6.34
Quite low density (0.9 x 0.6 m?) 16.37 23.54 6.35
Normal density (0.9 x 0.5 m?) 16.57 23.79 6.19
High density (0.9 x 0.4 m?) 16.37 23.66 6.05
Very high density (0.9 x 0.3 m?) 15.96 23.46 6.21
S.E. 0.26 0.89 0.14

b) Effect of defoliation frequency and defoliation
intensity to fodder production

Both defoliation interval and defoliation height
had significant effect (P<0.001) to the fodder yield of F.
macrophylla, where as the interaction effects of
defoliation intervals and defoliation height were obtained
non significant (p>0.05).

The effect of defoliation interval was significant
to the fodder DM vyield (p<0.001). Accordingly, the
fodder vyield of F. macrophylla defoliated at 12 weeks
interval was  significantly  higher (p<0.001) in
comparison to the fodder defoliated at 8 weeks interval.
Similarly, the plant defoliated at the 0.75 m height above
the ground level had produced significantly higher
fodder vyield (p<0.001). The experimental plants
defoliated at lowest regime (0.25 m above ground level)
had yielded lowest fodder DM.

Table 3 : Effects of defoliation interval and defoliation
height on the yield of F. macrophylla

Fodder yield
Treatment (DM, t ha')
Defoliation interval*
8 weeks 4.42
12 weeks 9.46
S.E. 1.07
Defoliation height*
0.25 m from the ground 4.84
0.50 m from the ground 6.55
0.75 m from the ground 9.80
S.E. 1.31

*The values are significantly different at p<0.001).

c) Effect of different levels of phosphorus application to
the mature stands

The dried fodder yield of F. macrophylla for
different graded levels of P fertilization is presented in
Table 4. The fodder DM yield was obtained higher for
the treatments of 70 and 50 kg P ha™' compared to lower
levels of P fertilization (p<0.001). But, the fodder yield
was statistically similar for those two higher levels of P
fertilization (p>0.05), viz. 70 and 50 kg P ha™.

Table 4 : Effect of different levels of P fertilization on the
fodder yield of F. macrophylla

Treatments Fodder yield (DM, t ha™)
0 kg P ha'and 30 kg N ha' 2.96°
10 kg P ha™ and 30 kg N ha™ 3.40°
30 kg P ha'and 30 kg N ha' 3.19°
50 kg P ha' and 30 kg N ha 4912
70 kg P ha' and 30 kg N ha 4.96°
SEE. 0.423

The mean within the same column with different
superscripts differ significantly.

d) Effect of different levels of P application on the
nutrient composition of fodders

The effect of different levels of P fertilization to
the nutrient composition of F. macrophylla is presented
in Table 5. The nutrients; CP, NDF, ADF, calcium (Ca)
and P, were statistically similar for all the treatments
(p>0.05). Accordingly, mean CP content was ranged
from 16.43% to 18.09 %. Likewise, the range of NDF and
ADF portions were 61.91 to 65.46% and 58.95 to
63.51%, respectively. Similarly, the Ca and P contents
were ranged from 1.03 to 1.22% and 0.25 to 0.29%,
respectively.

Table 5 : Effect of different levels of P fertilization on the nutrient composition of fodders, %

Treatments CP NDF ADF Ca P
0 kg P ha'and 30 kg N ha™ 17.00 61.91 60.23 1.19 0.29
10 kg P ha™ and 30 kg N ha™ 17.26 63.14 61.05 1.17 0.25
30 kg P ha'and 30 kg N ha' 18.16 62.76 58.95 1.22 0.29
50 kg P ha' and 30 kg N ha 18.41 63.08 60.06 1.18 0.28
70 kg P ha' and 30 kg N ha 17.19 65.46 63.51 1.03 0.26
S.E. 1.74 3.29 3.23 0.24 0.05
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IV. DISCUSSION

Maximum fodder DM yield was obtained from
very low plant density (15873 plants ha” from the
spacing of 0.9 x0.7 m?) of F. macrophylla. In deed the
cumulative fodder DM vyield was consistently increased
with lowering the planting density. In consistent with the
findings of present study, Buddleman and Siregar
(1997) reported that the RR distance of 0.90 m and PP
distance of 0.60 m would be best and the most effective
planting geometry for F. macrophylla to produce higher
biomass production in Indonesia. Increasing planting
density might have increased the interplant competition,
which could negatively affect the different fodder
attributing characters. The influences on plant stature
and number of leaves plant™ due to competition for light,
aeration and nutrients availability was obtained in
another study performed in the case of intercropping of
maize and cowpea (lbrahim et al., 2006). In the present
study, the higher fodder yield of F. macrophylla under
very low plant density could have been related to the
lessen effect of competition for sunlight as well as water
and soil mineral absorption.

The results of defoliation frequency and
intensity showed that F. macrophylla responded well to
the defoliation interval and defoliation height. Late
cutting (12 weeks interval) produced comparatively
higher fodder yield compared to early cutting (8 weeks
interval) without affecting nutrient composition of the
fodder. The results of other several studies on Leucaena
agree with the findings of the present study. Longer
cutting interval resulted larger branch size and higher
fodder mass in the case of Leucaena (Goevarra et al.,
1978) and had shown greater edible biomass
production while defoliated at 12 weeks than defoliated
in 6 weeks (Ella et al., 1989).

The result of the present study showed that
fodder yield of F. macrophylla was obtained higher while
defoliating at 0.75 m from the ground level compared to
shorter heights indicating negative effects of shorter
harvesting heights for fodder mass accumulation. Taller
defoliation height improved the shoot development than
lower heights (0.70 m vs. 0.30 m and 0.50 m) in another
study in the case of Gliricidia sepium, a browse species
(Asare, 1985). The similar results were found in the case
of Leucaena too (Krishna Murthy and Munegowda,
1982; Isarasenee et al., 1984). The greater re-growth
response of plants for higher defoliation height in the
experiment might be due to the greater mass of active
meristematic tissues (buds) leftover after defoliation,
higher amount and photosynthetic capacity of residual
leaf area and greater mobilization of available
carbohydrates and other reserves from plant material
which remains after defoliation. The factors perhaps
favored better re-growth of the F. macrophylla as in the
case of other legume fodder trees and shrubs as stated
by Stur et al. (1998). The author reported that the lower
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cutting heights result reduced numbers of leaves, and
prolonged lag phase before high growth phase,
because new growth has to be supported initially by
stored carbohydrate reserves.

a) Phosphorus  fertilization
production

The result of the present study revealed that the
three-years old mature stands of F. macrophylla had
acquired higher fodder yield under 50 kg P with 30 kg N
ha™. Since the legumes are highly responsive to the P
fertilization (Geethakumari, 1981; Jain et al., 1986), the
response further increased for the mature stands of the
perennial fodder legumes. Phosphorus is a vital nutrient
for N fixation, root proliferation and growth in legumes
(Singh and Thrivedi, 1981; Rajasree and Pillai, 2001).
The application of P stimulates early vegetative growth
of plant by increasing the rapid cell division, root
formation and other physiological roles. Moreover, the
application of P might have increased the uptake of
other minerals, especially N as reported by Khatri-
Chhetri (1991). Simultaneously, lower fodder yield in the
case of control and lower P fertilization treatment (0, 10
and 30 kg P ha') might have been related to the
situation mentioned by Haque and Jutzi (1984) that the
P deficiency in the soil that affected especially to the N
fixation through its effect on root infection, nodule
development and nodule function and plant growth. In
deed the soil under the continuous cultivation of
perennial legumes becomes P deficit hence a certain
soil P level is required for the plant establishment
(Andersson et al., 2002) and optimum growth (~50 kg P
ha'; present study). Hence, the findings of present
study suggest the need of moderate level of P
fertilization which could be perhaps varied in amount
and dose as per the inherent variation in plant uptake,
characteristics to the plant type and soil condition and
structure (Rajasree and Pillai, 2001).

In the present study, chemical composition of
the F. macrophylla was altered neither by the planting
density nor by the levels of P application. Planting of F.
macrophylla with very low planting density and
application of 50 kg P ha' with 30 kg N ha' may
increase the herbage mass without any deterioration in
the quality of the fodder. In addition, higher CP content
(approximately 16%) of F. macrophylla indicates the
potential of good quality fodder from this leguminous
shrub. These evidences support the fact that F.
macrophylla could be considered as good quality
fodder.

and  herbage mass

V. CONCLUSION

The results of the experiments conducted in the
present study revealed that low density planting (15873
plants ha') by providing the spacing of 0.9 x 0.7 m?2
plant”, defoliation at 0.75 m height from the ground level
in an interval of 12 weeks are the appropriate practices



for the cultivation of F. macrophylla fodder. The findings
also revealed that yields of three-years old mature
stands of F. macrophylla can be substantially increased
by the application of 50 kg P with 30 kg N ha'. The
information could be useful for the preparation of
cultivation practices of F. macrophylla for the better

fodder

productivity. With the inclusion of these

cultivation practices, it can be well expanded as a
promising leguminous shrub, particularly to that of high
humidity and dried areas of sub-tropical climate. It could
contribute to mitigate the fodder deficit of farming
communities as an alternative nutritious legume fodder
for dry seasons with higher biomass yield.
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