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ABSTRACT

The effects of different levels of farmyard manure (FYM) and inorganic phosphorus (P) and potassium
(K) fertilizer application on the physiology, forage yield and quality of Stylo (Stylosanthes guianensis cv.
Pauciflora) — guinea grass (Panicum maximum cv. Green panic) pasture grown on an acid soil in Malaysia
were evaluated in this study. The treatments were six rates of FYM application (0, 10, 20, 30, 40, 50 t FYM/
ha and a combined application of 50 kg P with 50 kg K/ha) as triple-superphosphate and muriate of potash,
respectively. Four consecutive cuttings were taken at 6-week intervals. Dry matter (DM) yield of guinea
increased linearly with increasing levels of FYM with rates of increase from 239 to 457 kg/ha per tonne increase
of the FYM applied. On the other hand, the DM yield of Stylo was found to decline with the increasing rates
of FYM. Crude protein (CP) concentration of guinea increased linearly from 9.27% to 11.93% from 0 to 50
t FYM applications, while the CP concentration of Stylo increased from 17% to 20%. The photosynthetic
rate, leaf area index and stomatal conductance of guinea significantly increased with the increasing rates of
the FYM applied. On the contrary, acid detergent fibre and neutral detergent fibre concentrations of guinea
declined with the increasing rates of the FYM used. Meanwhile, the use of inorganic P and K fertilizers gave
a higher yield and higher quality of both the species compared to the control at the first cut but they were not
significantly different from the control at the fourth cut.
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INTRODUCTION pasture is low mainly due to the low soil

Shortage of feeds is one of the major problems fertility.(Coulter, 1972). In Malaysia, Ultisols
that the ruminant industry is facing in Malaysia, and Oxisols occupy about 72% of Peninsular
In 2008 alone, the country spent more than Malaysu.i (IBSRAM, 1.985). I.n.thes.e soil types,
RM2.14 billion (USD 621 million) to import the efficiency of applied fertilizer is re.latlvel.y
animal feeds (Ministry of Agriculture and Agro-  10W because the root uptake of nutrients is
Industry, Malaysia, 2009). This method of inhibited by the acidic pH of the soil (Baligar &
ruminant production that is based on formulated ~ Bennett, 1985). N .

concentrates is expensive, indicating that Resear.ch on .plant nutrition carried out on
the production of ruminants has to rely on rePresentative §01l has shown thgt .p.hosphoms
conventional green feeds or pasture and some deficiency is an important factor limiting legume
substitutes. However, the productivity of establishment in sedentary soil (Oxisols and
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Ultisols). Widespread deficiencies of nitrogen,
potassium, and molybdenum were also recorded,
while calcium, magnesium and sulphur are
also deficient in some soil series (Tham, 1976;
Tham & Kerridge, 1979). A grazing trial was
conducted in Serdang, in which guinea and
other grass species were evaluated in the soil
fertilized at 150 and 300 kg N/ha/year. All the
grasses produced had higher live weight gain
when the fertilizer rate was increased to 300
kg N/ha/year (Chen ef al., 1982). This finding
indicated that the application of fertilizer is
needed to improve the fertility of the soil and
consequently, the productivity and quality of the
pasture. Thus, the general recommendation is
to apply inorganic fertilizers, including urea, to
meet the nutrient requirements of the pastures.
An alternative method is to make use of organic
fertilizer, such as farmyard manure (FYM),
because it is available locally and it can avoid
pollution of water resources from leaching and
runoff of inorganic fertilizer.

Since animal performance is directly related
to forage quality, information is therefore needed
on the effects of the FYM on forage quality.
However, little information is available on
the effects of the FYM application on forage
quality, particularly on the fibre content. Studdy
et al. (1995) reported that the total N of reed
canarygrass was increased with the increasing
rate of dairy manure. On the other hand, the
applications of 112 and 336 kg N/ha from dairy
manure and 112 and 336 kg/ha from ammonium
nitrate fertilizer immediately after the first
cutting of alfalfa were found to have no effect
on the herbage N concentrations (Daliparthy et
al., 1994). The common viewpoint has been that
manure should be applied to row crops or grasses
rather than legumes since the latter can fix their
own nitrogen. Klausner (1995) reported that
when manure has to be applied, grasses should
have the first priority because they are nitrogen
accumulators.

Organic fertilizers, such as green manure,
have been investigated for their effects on
forage yield and they have shown promising
results (Tham & Kerridge, 1982; Eng, 1983).
Comparative studies on the effects of the rates

and frequencies of animal manure application
on forage quality have not previously been
conducted. Therefore, the objective of this study
was to evaluate the effects of various rates of
FYM application on forage growth and quality
of a Stylo-guinea mixed pasture.

MATERIALS AND METHODS

The experiment was conducted on acidic (pH5.5)
ex-tin mine soil at the Faculty of Agriculture,
Universiti Putra Malaysia. Each of the plots
has an area of 4m>. Seven fertilizer treatments
were applied, namely control (zero fertilizer),
50 kg P and 50 kg K/ha, and 10, 20, 30, 40, 50
t FYM/ha, in four randomized complete blocks.
The FYM application was done only once,
i.e. before planting. Dairy cattle bedded pack
manure from a covered barn was broadcast on
the soil surface of each plot and immediately
incorporated manually on 20 July 2002. The
manure contained 10.5, 2.3 and 10.2 kg/t (wet
basis) of the total N, P and K, respectively.
Stylosanthes guianensis cv. Pauciflora and
Panicum maximum cv. green panic were planted
in 0.5 x 0.5 m spacing using rooted tillers, while
Stylo was sown in between planting rows of
guinea using seeds hand sown at the rate of 2
kg/ha.

Yield and Physiology

Photosynthetic rate (Pn) of the plants leaf was
monitored using a LCA-3 portable infrared gas
analyzer between 10 and 11 am. It was an open
system used with Parkinson broad leaf cuvette
with a leaf area of 6.2 cm?. The leaf area index
(LAT) was measured using LAI-2000 plant
canopy analyzer for both Stylo and guinea during
different stages of growth. The reading was
taken separately for each species. The plots were
harvested manually using a sickle, followed by
fresh weight measurement for both the species.
The samples were cut in 0.5 x 1.0 m quadrate,
and the fresh weight of the shoot components
was determined using an electronic balance. The
plants were immediately enclosed in paper bags
after they had been cut to prevent dehydration.
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After weighing and determining their fresh
weights, the plant parts were enclosed in paper
bags and placed in an oven at 85°C for 72 hours.
After that, the dried samples were re-weighed for
dry matter determination.

Chemical Composition

The dried samples were ground and sieved
(0.2 mm sieve) for the NDF and ADF analysis
(Goering & Van Soest, 1970). The NDF is
a measure of the cell wall constituent of the
plant cell and is inversely correlated to the
voluntary intake of feed by ruminants, while
the ADF is the cell wall after removal of
hemicellulose component and is inversely
correlated with digestibility of forages (Van
Soest & Robertson, 1980). Crude protein was
determined by Kjeldahl digestion (AOAC, 1990)
with concentrated sulphuric acid, followed by
steam distillation and acid titration.

Statistical Analysis

The results obtained were subjected to an
analysis of variance for a randomized complete

block design, with the aid of SAS software (SAS,
2001). The differences between inorganic and
organic fertilizer treatments were tested using the
LSD, while a linear regression was fitted for the
different levels of organic fertilizer used.

RESULTS
Dry Matter Yield

There was a significant linear increase in the dry
matter yield of guinea, with an increasing rate of
the FYM application at all harvests (Fig. /). The
highest rate of FYM (i.e. at 50 t/ha) produced
the highest mean DM yield (10.05 t/ha). The
treatment receiving inorganic fertilizer showed
a yield that was equivalent to an application
of 20 t/ha of FYM. The lowest DM yield of
guinea was obtained from the control, where
no fertilizer was applied (7.43 t/ha). During
the second cut, the DM yield of guinea showed
the same trend of a linear increase in the DM
yield with the increasing rate of FYM applied
(P<0.001). At the third and the fourth cut, the
DM yield obtained at 50 t FYM/ha (7.94 and
7.04 t/ha/harvest, respectively) was significantly
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Fig. 1: Regressions of dry matter yield of guinea on the rates of farmyard manure
(FYM) applications at four consecutive cuttings
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Fig. 2: Regressions of dry matter yield of Stylo on the rates of FYM application at four
consecutive cuttings

higher (P<0.01) than those of the control and
inorganic fertilizers.

As compared to guinea, Stylo showed
a linear decrease in the DM yield with the
increasing rate of FYM applied at the first three
harvests (Fig. 2). However, at the fourth cut,
Stylo yield was shown to be not affected by the
FYM rates.

The total dry matter yield (sum of guinea
and Stylo) showed a significant linear increase
with the increasing rate of the FYM applied.
This finding indicated that the decline in the
Stylo yield was more than offset by increasing
guinea yield with the increase in the FYM rates.
Meanwhile, the use of inorganic fertilizer was
shown to be equivalent to the application of the
FYM at 10 t/ha in all the harvest (Table 1).

PHYSIOLOGY

Photosynthesis Rate

There was a significant linear increase in Pn of
guinea with the increasing rate of FYM used
(P<0.01) at both the first and the fourth cut. At

the first cut, Pn increased from 24.7 to 32.0 umol
m? s from 0 to 50 t/ha FYM (Fig. 3). The Pn of
guinea at 40 and 50 t FYM/ha was significantly
higher than that of the inorganic fertilizer. The
Pn of guinea was greater in cut one than in cut
four. In contrast, there was a significant linear
decrease in Pn of Stylo from 21 to 15 umol m?
s, with the increasing rate of FYM applied
(P<0.001) (Fig. 4).

Leaf Area Index

There was a significant linear increase in the
LAI of guinea with the increasing rate of FYM
application (p<0.001) (Fig. 5). Correspondingly,
the LAI of Stylo declined with the increasing
rates of the FYM used (Fig. 6).

Crude Protein (CP)

There was a significant linear increase in the CP
concentration of guinea with the increasing rate
of FYM application (P<0.01) (Table 3) and the
value ranged from 9.27% (control) to 11.93%
(50 t FYM/ha).
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TABLE 1

Dry matter yield of total herbage at four cuttings

Treatment Cut 1 Cut 2 Cut 3 Cut 4
t ha'! cut!
50 kg/ha P, 50 kg/ha K 10.58 8.69 8.01 7.12
Control (0 FYM) 9.39 8.22 8.06 6.89
10 t/ha FYM 10.88 9.06 8.06 7.35
20 /ha FYM 11.22 9.67 8.37 7.37
30 ttha FYM 11.56 9.77 8.90 7.46
40 t/ha FYM 11.37 9.72 9.06 7.86
50 ttha FYM 11.52 10.06 9.24 8.17
LSDg s 0.65 0.58 0.34 0.22
R 0.81" 0.90™ 0.97" 0.96™
Slope 0.36 0.32 0.27 0.23
SE 0.756 0.835 0.694 0.934

FYM= Farmyard Manure; P=phosphorus; K=potassium; LSD0.05=least significant difference at P<0.05;
SE=standard error of mean; r=correlation coefficient (for linear regression of dry matter yield on FYM application
rate *, ** regression significant at P< 0.05, 0.01, respectively)
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Fig. 3: Regressions of the photosynthetic rate of guinea on the rate of FYM application
at the first and fourth cycles of vegetative growth
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Fig. 5: Regressions of the leaf area index (LAI) of guinea on the rate of application of

FYM at the first and fourth cycles of vegetative growth
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Fig. 6: Regressions of the leaf area index (LAI) of Stylo on the rate of application of
FYM at the first and fourth cycles of vegetative growth

In Stylo, the CP concentration increased
with the increasing rates of the FYM application
for both the cuttings (Table 4). At the first cut,
the CP increased from 17 to 21% and this was
from 16 to 17% in the fourth cut.

Neutral Detergent Fibre (NDF)

There was a significant effect of the FYM on the
fibre concentration of the pasture whereas the
NDF concentration declined significantly (from
69.78 to 61.89 % for guinea, and this was 52.56
to 51.31% for Stylo) with the increasing rate of
FYM application (Tables 3 and 4).

Acid Detergent Fibre (ADF)

The ADF concentration of guinea declined
with the increasing rate of the FYM used (i.e.
from 43.87 to 40.20 %). The results showed
an increase in the ADF concentration from
the first to the fourth cut (Table 3). The ADF
concentration of Stylo, however, did not show

any significant variation with the increasing rate
of the FYM applied (Table 4).

DISCUSSION

The composition of guinea was found to have
been affected by the input of plant nutrients
which were available in the manure. This input
might be substantial to maintain plant growth by
improving leaf growth and photosynthesis. A
similar result was also reported by Jarvis (1993)
as a pasture land in the UK cycled and recycled
N input through animal excreta alone.

The results obtained in this study showed
the contribution of FYM on the growth of
guinea. The fodder yield of guinea increased
linearly with the increasing rates of the FYM
applications for all the cuttings. The nutrient
from FYM, particularly N, plays a major role in
leaf growth via its involvement in cell division
and as a primary component of enzymes for all
the living systems and processes (Duru et al.,
1997). In addition, the FYM also increased
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TABLE 2
Crude protein, NDF and ADF concentrations of guinea at cut 1 and cut 4 under different
fertilizer treatments

Treatment Crude protein (CP) %  Neutral Detergent Fibre  Acid Detergent Fibre
(NDF) % (ADF) %

Cut 1 Cut 4 Cut 1 Cut 4 Cut 1 Cut 4
50 kg/ha P, 50 kg/ha K 11.60 8.76 67.99 72.00 44.22 46.31
Control (0 FYM) 9.27 8.74 70.93 74.03 45.62 46.58
10 t/ha FYM 9.96 8.89 69.78 71.41 43.87 45.93
20 /ha FYM 10.20 8.97 67.34 71.37 41.85 45.63
30 t/ha FYM 11.19 9.10 66.40 69.13 41.74 44.77
40 t/ha FYM 11.70 10.20 63.89 69.10 40.19 43.71
50 t/ha FYM 11.93 10.49 61.89 65.44 40.20 43.50
LSDy s 0.95 1.12 3.28 3.24 0.99 1.17
R 0.93" 0.90™ -0.99" -0.95™" -0.95™ -0.98"
Slope 0.59 0.19 -1.82 -1.49 -1.09 -0.66
SE 0.402 0.377 0.888 1.478 0.551 0.461

FYM= Farmyard Manure; LSD0.05=least significant difference at P<0.05; SE=standard error of mean; r=correlation

* kx kR

coefficient (for linear regression of quality variables on FYM application rate *, *, ™" regression significant at P< 0.05,
0.01, and 0.001, respectively)

TABLE 3
Crude Protein, NDF and ADF concentrations of Stylo at cut 1 and cut 4 under different
fertilizer treatments

Treatment Crude protein (CP) % Neutral Detergent Acid Detergent Fibre
Fibre (NDF) % (ADF) %

Cut 1 Cut 4 Cut 1 Cut 4 Cut 1 Cut 4
50 kg/ha P, 50 kg/ha K 19.02 16.34 52.48 55.84 37.36 39.09
Control (0 FYM) 17.44 16.16 52.62 56.32 38.74 39.62
10 t/ha FYM 17.50 16.30 52.55 56.42 37.07 38.45
20 /ha FYM 17.55 16.20 51.95 55.22 37.37 37.97
30 ttha FYM 18.67 16.58 52.24 55.17 36.44 35.42
40 t/ha FYM 19.97 16.60 51.24 54.08 35.64 34.71
50 t/ha FYM 19.87 17.15 51.31 52.70 35.04 34.12
LSDy s 1.24 1.28 1.28 1.68 2.66 1.59
r 0.98™ 0.92™ -0.89" -0.95™ -0.69 -0.95™
Slope 0.56 0.37 -0.52 -0.71 -0.38 -1.20
SE 0.65 0.514 0.75 0.561 2.93 0.536

FYM= Farmyard Manure; LSD0.05=least significant difference at P<0.05; SE=standard error of mean; r=correlation

coefficient (for linear regression of quality variables on the FYM application rate *, ™", ™" regression significant at P<

0.05, 0.01, and 0.001, respectively)

both plant growth and photosynthesis directly. Chapman, 1996; Gastal et al., 1992). Nitrogen
The increased rate of extension of leaves on  has also been shown to have the same positive
the existing tillers in turn stimulates greater effect on the tillering of tropical tufted species at
light capture and photosynthesis (Lemaire & the beginning of the growth stage (Coris, 1984;
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Gastal et al., 1992). The fact that the treatment
using inorganic P and K fertilizers gave yields
similar to the use of only 20 t/ha FYM indicated
that N obtained from the legume fixation was
less than that obtained from the higher rates of
FYM application.

Plots which had a higher LAI were faster in
sward growth. The increasing rates of FYM also
increased with the rates of photosynthesis and
a similar result was also reported by Bisoondat
et al. (2002) who stated that the total annual
forage DM yield increased from 21.0 t/ha at the
low dairy manure level to 23.1 t/ha at the high
manure level during Year 1, and similarly from
22.3 to 25.5 t/ha during Year 2.

Meanwhile, the use of inorganic fertilizer
gave the CP concentration in grass of 11.6%,
which was similar to that of 40 t FYM/ha at the
first cut. However, the CP concentration of grass
treated with inorganic fertilizer (8.76%) was
equivalent only to the control at the fourth cut.
This finding showed that the effects of inorganic
fertilizer did not last long in terms of the CP
concentration. The reason for the decline in the
CP could probably be due to early availability
of inorganic fertilizer to the plant, followed by
rapid losses due to leaching or fixation in the
later harvests.

In contrast to the response of guinea, high
rates of the FYM application decreased the yield
of Stylo. The shade effect of the grasses might
have depressed the growth of legume through
reduction in photosynthesis. Even during short
periods of low light intensity, photosynthesis
and the supply of materials for growth were also
reduced (Volenec & Nelson, 1994). Stylo leaves
developed in low light, under higher canopy of
the grass, had a poorer photosynthetic capacity
(Fig. 4). The same results have been reported
by many researchers (see for example, Woledge,
1971; Prioul et al., 1975). Leaves expanded
in low light were thinner (Woledge, 1971),
and they might have fewer stomata (Wilson &
Cooper, 1969) and fewer mesophyll cells per unit
leaf area, fewer and smaller chloroplasts, and
reduced activities of RuBP carboxylase (Prioul
et al., 1980).

There was an overall decline of the DM
yield from cut one to cut four and this might be
due to the mineralization of FYM, the reduction
in vegetative growth of the grass and the slow
growth of the legume after cutting. Guinea dry
matter yield was highly and positively correlated
with the rates of FYM (Fig. ). The applications
of the manures at higher rates could therefore
immensely improve fertility of slightly acidic
soil and others with similar properties.

However, there have been contradictory
reports on the effects of inorganic and organic
fertilizer on fibre content of forage crops. Min
et al. (2002) reported that the application of
inorganic and organic fertilizers did not decrease
the fibre content of grasses. In the present study,
on the other hand, both the NDF and ADF of
guinea were found to have decreased with the
increasing rates of FYM applied. Similar results
were also reported by Getnet and Inger (2001),
as NDF and ADF contents of oats and vetches
pasture slightly decreased with the increasing
fertilizer rate. Valk et al. (1996) also reported
that the undegradable NDF fractions decreased
by using more N fertilizer. In addition, Cox and
Cherney (2001) reported that the NDF and ADF
contents of corn showed a negative linear-plus-
plateau response to increased N fertilizer. Other
researchers (Cox et al., 1998) also reported a
negative linear relationship of the fibre content
with high rate of fertilizer application.

The effect of FYM on the fibre content
of grass might depend on the rate of organic
fertilizer application, soil type, climatic condition
and plant species. Meanwhile, the effect of
FYM on the soil properties, particularly on
water retention characteristics, might cause less
fibre accumulation by grass. On top of that,
at a high rate of FYM application, vegetative
growth of guinea was denser and less exposed
to direct sunlight, and this in turn might be one
of the reasons for the difference in the rates of
lignification. The plants at higher FYM rate
were in active growth as compared to other
treatments.
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CONCLUSION

The application of FYM resulted in the
improvement of both the productivity and
quality of guinea. The dry matter yield was
significantly higher at high FYM rates. Unlike
inorganic fertilizer, which showed a high CP
concentration only in the first cut, the FYM
consistently gave a high concentration of CP
even at the fourth cut. This result demonstrates
that the effect of FYM lasts longer than that of
inorganic fertilizer. In addition, the FYM also
gave a significant improvement on the mixed
pasture by reducing the fibre content (NDF).
The lowest values of NDF were obtained at a
higher rate of application (50 t FYM/ha). This
findings reveals that recycling nutrient in cattle-
mixed pasture system could help maintain the
quality of the feed. Meanwhile, the utilization
of animal wastes as organic fertilizer would
have a great potential to recycle the nutrients in
cattle-pasture production system and this in turn
could avoid dependence on chemical fertilizer.
As shown in the present study, at a rate of 50 t/
ha and above, FYM could be applied to improve
grass productivity and quality.
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