MARDI Res. Bull., (1984) 12; 1: (21-37)

PERFORMANCE OF TROPICAL FORAGES UNDER THE CLOSED
CANOPY OF THE OIL PALM. I1. LEGUMES

CHEN CHIN PENG* AND OTHMAN OMAR*
Keywords: Tropical legumes, Oil palm. Cutting frequency. Light transmission

RINGKASAN

Satu percubaan telah dijalankan di bawah naungan pokok kelapa sawit dengan penembusan
cahaya dari 15.87% ke 5.7% bagi menilai kesesuaian lapan jenis kekacang tropika dari segi prestasi
agronomi, komposisi kimia, tumbuhan dan ketahanannya menerusi tiga peringkat pemotongan iaitu 4, 8
dan 12 bulan.

Kesemua kekacang didapati berkurangan hasilnya apabila pemotongan kerap dibuat iaitu dari 4
bulan ke 12 bulan kecuali D. ovalifolium yang menghasilkan berat kering dua kali ganda pada lapan bulan
jika dibandingkan dengan pemotongan yang dibuat setiap empat bulan.

Kekacang D. ovalifolium dengan sifatnya yang lambat membesar dan kadar garam-galiannya yang
rendah sebaliknya mempunyai berat akar serta bintil vang tinggi. la juga mempunyai permukaan daun
yang lebar bagi menghasilkan berat kering vang tinggi (1 970 kg/ha/tahun) dan juga kandungan nitrogen
vang tinggi (34 kg/ha/tahun).

Walaupun kekacang C. caeruleum dan C. pubescens terus menunjukkan penghasilan yang tinggi
bagi kandungan garam-galiannya serta pertumbuhan yang cepat, masing-masing hanya dapat mencapai
29% dan 20% berat kering jika dibandingkan dengan D. ovalifolium. Kedua-dua spesies ini berupaya
mengeluarkan akar yang banyak bagi menjamin pertumbuhan vang sederhana dan masing-masing
mencapai 36.17 dan 38.37/ pokok yang dapat hidup.

D. heterophyllum dan Srylosanthes guianensis cv. Endeavour dan cv. Cook, walaupun mempunyai
ukuran daun yang lebih besar iaitu masing-masing dapat tumbuh 3.3, 2.6 dan 2.8 kali ganda dari biasa

tetapi tidak memberi hasil vang memuaskan.

C. mucunoides dan M. atropurpureum cv. Siratro didapati pokoknya lebih cepat merosot apabila

ditanam di kawasan yang kurang mendapat cahaya.

INTRODUCTION

There are about two million hectares of
rubber, one million hectares of oil palm and
(.31 million hectares of coconut in the
country. In the case of rubber there are
706 —80% interrow land available for
cultivation (ANI AROPE, 1976); and if not
cultivated, a high density of undergrowth
comprising grasses and broad-leaf weeds
could be found. The leguminous cover crops
were first introduced to the rubber planta-
tions for the purposes of weed suppression
and water and soil conservation during the
1920°s (WATSON, 1957). It was later looked
into for the improvement of soil nitrogen
(HAMILTON and PILLAY. 1941; WATSON,

WONG and NARAYANAM. 1964; FOSTER,
1975: BROUGHTON. 1976; LiM and CHALI
1976) and recently for the provision of extra
income from pasture and livestock produc-
tion (WANMOHAMED 1977; CHEN, CHANG.
AJIT  and HASSAN  WAHAB, 1978;
DEVENDRA, 1978).

TAJUDDIN, ISMAIL, CHIN and
PUSHPARAJAH,(1979) reviewed some of the
latest findings on the contributions of
leguminous covers in rubber and the extra
benefit from the use of shade-tolerant
legumes as well. They indicated, that, the
identification of shade-tolerant legumes is
very important either in the context of
plantation crops or from the feed resources
point of view.

*Feed Resources and Animal Nutrition Branch, MARDI, Serdang, Selangor.



Some tropical legume species such as

Centrosema  pubescens,  Calopogonium
mucunoides, C. caeruleum, Desmodium
heterophyllum, D. ovalifolium, Macrop-

tilium atropurpureum cv. Siratro and Stylo-
santhes guianensis were rteported to be
shade-tolerant (LupLow., WILSON and
HESLEHURST. 1974: JAVIER, 1974; STEEL
and HUMPHRAYS 1974: GuzMAN and ALLO.
1975; WONG and WILSON, 1980) or well
adapted to conditions under the plantation
canopies  (WATSON et al., 1964
BROUGHTON, 1976: REYNOLDS. 1978; HAN
and CHEw, 1981). However, these legumes
were screened separately, in different
environments with illumination ranging from
107¢ to 100¢ daylight. Tt will be of great
advantage to understand the growth and
production of these legumes under the
plantation  environment  where  light
transmission is a critical factor.

The objective of the study was to screen
eight tropical legumes for their general per-
formance and their changes in dry matter
yield, in chemical composition and in plant
survival with time in response to different
cutting frequencies under a fully closed
canopy of the oil palm.

MATERIALS AND METHODS

General information regarding the oil
palm and light transmission in relation to the

experiment has already been described in the
previous paper (CHEN and BONG JULITA,
1983). The mean light transmissions under
the canopy as compared to thatin the open at
mid-day are summarised in Table I.

In this experiment, a total of eight
legumes were included in a split-plot design
with species in the main plots (size: 4 m x4 m)
and cutting frequency (4. 8 and 12-months)
in the subplots (size: 1.3 m x 4 m) in six
replications. The eight species were:

Species Common  Seed
Name (g/plot)

1. Calopogonium caeruleum - 35
2. Calopogonium mucunoides 20
3. Centrosema pubescens Centro 50
4. Desmodium heterophyllum Hetero -
3. Desmodium ovalifolium - 20
6. Macroprilium atropur-

pureum cv. Siratro Siratro 40
7. Stvlosanthes guianensis cv.

Endeavour Stvlo

Endeavour 20

8. Stvlosanthes guianensis cv.

Cook Stylo Cook 20

Inoculated seeds were used for the
initial sward establishment on December 15,
1975 except D. heterophyllum which was
planted from rooted vegetative material.

Table 1. Percent light transmission during the day under the closed canopy of the oil palm

- Year | Year 11
Time (Auguzfr1976) (September 1977)
7.00 am 2.5% -
8.00 am — 2.5%
9.00 ami 21.1% -
11.00 am 38.0% 10.7%
1.00 pm 16.7% -
3.00 pm 14.1% 4.1%
5.00 pm 2.9% -
Mean 15.8% 5.7%

22



Seeding rates of the various legumes as
stated in the above table were worked out on
the basis of their seed viabilities with the aim
of achieving similar plant population per
plot. Weekly germination counts were made
until the 9th week after sowing on randomly
placed quadrats (0.3 m x 0.3 m). A total of
three quadrats per sub-plot were taken
during seedling counts.

A general cut-back was made to all
legumes on June 15, 1976 at heights between
5 to 10 cm so as to condition the species to an
even vegetation at the start. Dry matter
(DM) yields were recorded from cutting the
sward in the whole plot where a small sample
was taken for plant mineral composition
analyses. Seed collection was made from the
12-month cutting treatment plots almost 10
months after the experiment started. It was
observed that some pods of C. mucunoides
had already shattered their seeds by then. A
total of three collections of seed were made
during the experiment. Leaves from three to
five plants of each species in the main plots
were randomly selected and removed for
single leaf area measurement, using an area
meter (LI-COR model 3100) on December
7, 1977. These plants were later dug up with
the help of splashing water and spade to the
depth of 25 cm and diameter of 20 ¢cm. and
oven-dried for root weight and nodulation
records. Meanwhile, leaves from two plants
of the same species/cultivars in the museum
plot, approximately half a mile away from
the experimental site were taken for leaf area
measurements as the control. Before the
above parameters were taken, plant number
count in three random quadrats (0.3 m x 0.3
m) were recorded but data on the final
number of plants that survived at the end of
the experiment were not available because
the experimental site was accidentally
sprayed with weedicide during oil palm
management.

Basal fertilizers were  applied
immediately after planting at a rate of 30
kg/ha of each P and K and subsequent main-
tenance fertilizers of 50 kg/ha/year of each P
and K in the forms of triple super phosphate
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and muriate of potash, respectively. They
were split equally in three applications
annually and were applied after each
harvest.

In order to understand the growth
pattern of plants under the closed canopy of
the oil palm. one plant from each of the
selected legume species were grown in poly-
bags in four replications on June 14, 1976.
Top soil from outside the experimental site
was used to fill the individual polybags. All
seeds were inoculated with appropriate
rhizobia before planting. After planting,
hand watering was carried out every
morning, except when it rained. The plants
were harvested on the 12th-week after
planting at 3-weeks interval. The whole plant
was removed from the polybag, washed and
oven dried for DM content and separated
into leaf, stem. root and nodules.

RESULTS

Light measurements under the palm
canopy, averaging from [5.87¢ daylight in
vear [ 10 5.7¢ daylight in year Il showed that
there was no statistical significant difference
in any position of light measured at the fixed
points during the day. It is assumed that
uniform light distribution was ensured under
the palm canopy during the course of the
experiment. Rainfall recorded during the
period did not produce any specific influence
on the legume production (Figure 3).

The overall plant growth of all the
legume species during the early stage of the
experiment was fairly vigorous except in
Siratro which appeared very weak (etio-
lated) and suffered from foliar blight caused
by Rhizoctonia solani. After one year, the
growth of all legumes deteriorated rapidly
except for D. ovalifolium, C. caeruleum and
Centro which still showed green, vigorous
and healthy plants. It was observed that all
plants tended to be etiolated, particularly the
Siratro and the two Stylos. Insect attack on
Siratro and Hetero by Lamprosema
diemenalis was noticed two months after the
experiment. Seed collections were made



from the following species: C. mucunoides
(2 377 seeds/plot), D. ovalifolium (579
seeds/plot), Centro (434 seeds/plot) and
Stylo Endeavour (41 seeds/plot).

Single plant growth in relation to sward

The growth of single plant at 32nd
week, in polybags under the same canopy
showed that C. caeruleum, Centro and C.
mucunoides achieved faster establishment
than Siratro and D. ovalifolium which in turn
were better than Hetero. The two Stylos
were slowest in establishment (Table 5). Un-
like other species, D. ovalifolium recorded a
very slow rate of growth at the beginning. It
gained its pace only after 23rd week from

planting. The Hetero and Siratro grew fast
initially, but they declined drastically after
the 20th week (Figure Ib). Similar results
were recorded on root development for the
various legumes (Figure la).

All the legume species showed relative-
ly good nodulation ranging from 8.5 to 15.1
nodules/plant except Stylo and Siratro which
had only 4.2 and 2.3 nodules/plant, respec-
tively. Efforts were made to relate the single
plant growth characters of various legumes
with those in the sward and it was found that
single plant characters such as nodule, root
DM and whole plant DM were positively
correlated to root DM and plant survival in
the sward as shown in Table 2.
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Figure 1: The single plant growth of various tropical legumes under the oil palm canopy.
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Table 2. Correlation coefficients between characters of single plant and sward from the tropical
legumes

Single plant character

Sward character

Root DM (g/plant)

% Survival*

Nodule
Root
Whole plant

0.60 0.72
042 0.38
0.55 047

*Species C. mucunoides excluded

Accumulated total dry matter vields of
the legumes over the experimental period of
two years ranged from as high as 1 950 kg/ha/
year (D. ovalifolium) to as low as 74 kg/ha/
year (Siratro) (Tables 3 and 5).. All legumes
responded markedly (P <0.01) to the cutting
treatments when grown under the oil palm
canopy (Figure 3). Their DM decreased
when cutting interval was increased from
four months to 12 months with the exception
of D. ovalifolium which increased yield by
96% (Figure 2a). There were strong inter-
actions (P<0.01) also between the species
and cutting regime. C. caeruleum tended to
maintain its yield under the same treatments.
The DM vyield also differed (P<0.01)
between species (Table 3), with D.
ovalifolium ranking persistently higher
(1 151-2 377 kg/ha/year) than C. caeruleum
(550-700 kg/ha/year), Centro (351468 kg/
ha/year), Stylo Endeavour (267—-337 kg/ha/
year), D. heterophyllum (244—334 kg/ha/
year), Stylo Cook (110— 146 kg/ha/year), C.
mucunoides (21—-171  kg/ha/year) and
Siratro (15— 183 kg/ha/year).

Plant mineral composition

Under the critical light transmission
situation found under the oil palm, all the
mineral contents in the legumes were
seriously affected. It was apparent that per-
centage nitrogen differed between species
(P<0.01) ranging from 1.65%% to 2.48% with
mean nitrogen percentage in Centro (2.20%
to 2.70%) being about 50% higher than the
lowest viz. Stylo Cook (1.47% to 1.83%).
The other legumes were ranked sequentially
as D. heterophylllyum (2.08% to 2.27%), C.

25

caeruleum (1,937 t02.257¢), C. mucunoides
(1.737 10 2.04¢¢), Stylo Endeavour (1.64%¢
t0 2.06%¢), D. ovalifolium (1.69% to 1.9477)
and Siratro (1.857¢). The overall nitrogen
percentage declined significantly (P<0.01)
when cutting interval increased from four
months (2.13¢¢), to eight months (1.91%)
and to 12 months (1.79¢¢ ) (Figure 2¢).

Under the 4-month cutting regime, the
analyses showed that nitrogen concentra-
tions of various legumes changed signifi-
cantly with time. The nitrogen concentra-
tions in Centro and C. caeruleum were the
highest among the species studied and
increased with time irrespective of their
cutting frequency. The nitrogen concentra-
tion for the two Desmodium species plus C.
mucunoides and Stylo Cook decreased with
time under the 12-month cutting regime. The
rest of the species tended to maintain the
same level of nitrogen concentration at more
frequent cutting intervals, i.e. 4 and 8-
month. Total nitrogen production per
hectare per year (Table 5 and Figure 2b) was
highest in D. ovalifolium (34 kg), following
by C. caeruleum (12.7 kg), Centro (10.4 kg),
Hetero (6.7 kg) and Stylo Endeavour (5.4
kg). The nitrogen productions of C.
mucunotdes, Stylo Cook and Siratro were 2.2
kg, 1.9 kg and 1.6 kg, respecitvely.

Of all the minerals tested, phosphorus
was the only element with no significant
differences between species (Table 4). How-
ever, it decreased steadily (P<0.01) with
time. Phosphorus levels in the legumes also
decreased tremendously (P<0.01) from
0.21% at 4-month cutting to 0.13% at 8-
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Figure 2. The nitrogen and dry matter production of tropical legumes in relation to cutting
frequency under the oil palm
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month cutting and to 0.13% at 12-month
cutting in Year I, and from 0.15% to 0.13%
and to 0.09%, respectively, in the following
year when subjected to the different cutting
frequencies. Phosphorus level in the two
Stylos and D. ovalifolium appeared
numerically lower than the rest of the
species.

The potassium values were severely
affected by cutting intervals declining by
13.2% at 8-month and by 40.8% at 12-
month as compared to that of 4-month’s.
The highest values were found in the two
Stylos (0.68% —1.29% ) and the lowest in D.
ovalifolium  (0.54% —0.81%) and C.
mucunoides (0.52% —0.68%¢) (Table 4). It
was also observed that the decline of K

1. C. caeruleum

5. D. ovalifolium

values with time over two years was greatest
with rates of 837 857 and 33/ respectively
for cutting frequency of 4, 8 and 12 months.

Unlike P and K, the calcium values in
all the legumes increased consistently
(P<0.01) with time, irrespective of their
cutting intervals. The values varied (P<0.01)
between species with D. ovalifolium
(1.09¢-~1.34%) and C. caeruleum
(1.13%—1.28%), being the highest, and
Hetero (0.87% —1.01¢7) the lowest.

Magnesium contents were significantly
affected either between the cutting intervals
or between species within each cutting
interval over the time. The significant differ-
ences between species only at both 4-month
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Figure 3. The effects of rainfall and cutting on changes in DM yield of tropical legumes.

27



BlEp [enjoe = SIsoyjuaIeq
pawIojsuen) X Bof,

TEOV'0 * %1 sowads  TSYEO ¢ %1 TETTO & %l

X soroadg Aouonbaiyg onpea Qs

P9SY°0 ¢ %S  Aouenbary ¥E9T0 ¢ %S EI91°0 * %S
(L86 ) sg€oC (8s01) oLIET (T9L ) 865¥'T uBdp
(zsz ) L1L0T (ThT ) 79S0T (122 ) L600°T (€6T ) €691 q00) “AD spsudupIng g
(865 ) TI1TTT (P€S ) CI80'C (L8S ) LISTT (PL9 ) LOEST INOABAPUY “AD SISUIUDING
(6v1 ) 88I¥'I (1€ ) 9L£L0 (8% ) S09CT'1 (99¢ ) 8sTT ONeIg “Ad Wnaundindonv p
(106£) se£T’e (PSLY) o6€8¢°€ (8%9%) ¥9lce (z0£7) €810°¢ wnyjofypao q
(zSs ) 66S1C (68Y ) L7891 (86% ) ¥TreT (899 ) 9¥S+'T wnjdydoiaidy -q
(66L ) SISET (zoL ) e66z€C (6SL ) L¥E€T (9¢6 ) 66LY'C suaosagqnd )
(67T ) 8006'1 (tv ) L18T1 (00€ ) 9881°C (eve ) 1T£TC saprounonui )
(soz1) 169LC (0011) xSP1L'T (00%1) x16£8°C (ET1T) +9€5L°T wnajniend )

uowr —~ 77 yuowr — g uow -- 4

Ueo LN

Aouanbaiy Fuping

(siwK 7 /ey 3)
sawngo[ [eordon jo uoponpord 1ayiew Ai1p (101 Uo Aouonbary Surno Jo 100§)8 YL ¢ alqe],

28



* sk * sk wk sk T su su * sk K3k su sk dok o ok * as 1
- - - - - - - - - = - - - - - - - — IA 1S9ATeRH

- - - - - - - - - - - - - €€T 8Y0 010 61T A Isaarey

- - - - - - - - . - - - Ly'0 €TT 890 ST0 9T¢ Al 1sealey

- - - - - - - - Iv0 €T1 00 01'0 90T 9¢’0 ¥0°T 680 €10 €0C TII 3seATey
65°S¢ LO'TL  TL'T9 LEO 1TT 8¥0 600 681 IF'0 0I'T 190 €10 96°I Iv°0 L60 T8T ST0 661 11 1saaley
6607 L6L iy 60 L60 IL0 €I'0 181 6€0 660 09T SI1'0 LS L6'0 $60 8I'T 610 LIT 1 1soaIeHq

su * *k su sk su su * *% sk o ok su * % sk *ok SU - 4y as-1
- - - - - - o - — - - - 581 Ss0 — - - - ONBHS A wnaindindody
- - - €€°0 8T1 TSO TIo €Ll SY0 STT 890 TI0 $0¢C €50 — - - 681 Saprounonui D
£€9°0¢ LT9 66T PE€0 880 890 010 L¥'1 o cTr ve'l 110 S9°1 PLO T€T 6T1 ¥#I'0 €81 OO “Ad sisudupIng g
P57 6T SY'IT  9¥'¢eS €0 10°T 190 IT'0 01°¢ ¢P’0 L8O 960 €1'0 80T 0§80 160 960 SI'0 LTT wnjdydoiziay “q
LT OV STL €T'ST $€0 080 080 TI0 91 060 160 €01 TI'O0 vL'I 180 9I'l 6I'T SI'0 90T INOABIPUY "AD SISuauvng g
S6°¢€T 811 S6'vb 0€0 SOT LYO TI'0 07T 00 101 T6EO €10 ST £V'0 €60 TOT ST0 0LT suaosagnd ;)
Tree 86 S6'vy 8€'0 8T'T TILO0 TI0 €61 PO €T1 0L°0 €10 TIT $S0 €I'T 00°T SI'0 STT wnaniand
€T°0¢ 6L°L eS8 670 60T %S0 TIO0 TL1 9¢€'0 $E'T TLO TT0 691 6¥0 LI'T 180 +I'0 v6'I wnjofipao q
wdd
uz ny UN %P %RD %M %d %N BN %ED %M %d %N 4B %ED %N %bd %N —

Sunno yuowr — Z1

urjino yuow — §

Bur)Ino yiuow — v

Adoueo wied 1o

Iepun juowiyear) Surno o} sesuodsal sir pue sw Y sswngsj [eotdon jo uopsodwos jereunu juerd ur seSueyo syl 4 S[qeL

29



*(50°0>d) 1930 Yo WOy JuALYIp
AnuedyIusis are uwnjos awres oy} ut 51d11os1adns WULIIYIP Yiim susaus = po‘qQ'e

BIED [ENJOE — SBIYIUSIRJ ‘pawriojsuen ([+X) 8o1,, ‘pawuogsuen x 3o,

€0°L L1 €60 %1

6T'S o L90 %S as1

8y _uv.m L'69 09 €6 (60°0) ¥0°0 rr ) €00 91 vL (A [ 4 £2€°0 oneng
*Ad wnaundindoyo W
¥ 171 n—.NN T8I 81 9Ts as o LE0 @8y ) 890 Tt 141 89'C S0t o saprounonmu )
6'vT HLLl T LT 60 @y o 1o 1) 10°1 6’1 9TI 170 Ty 6£0°0 300) "a sisuauving °g
£°6T SF Pl 06 9y i (80°0) €00 ®6 ) 960 L9 9L 60 98 9070 winydydosazay q
8'SI 5S' ¥l S 16 €t [ 0t'0) o @v¥s) (R ¥'s 00¢ €20 L8 $S0°0  InoABIpUY “Ad SisusuDINg g
LLe uw.h L0t €St 691 60 Lo e ) ¢€vo ol 66€ 18°¢ S8 S18°0 suaosagnd D
9°se vb.v el 0zt L'y orn 0 (P91)  oz1 LTl 0LS L6's rst 190 winapnaavs )
Ty e8LT S'L9 €11 '8 (ST'T)  #4ZE0 (€°101) 961 0'¥e 0L6! 91’1 Lot 8910 wnyofipao q

- . (yuerd/%) (uerd/oN)
enrn R Tty apeug usdo i Oomt By e a, S aomerm
[RAIAIRG yuawiystiqelsy i N na sapedg
Cuo_\NEov BIY Jeo] A1p 1009 s[npoN ajoym ueopW
Iequinu juely —m——

Adoueo wred [10 1apun sawngo| [eordon jo sourwilojiad pue s19)0RIEYD JIWOU0ISE dY], *§ J[qR]

30



and 8-month but not at 12-month. The two
Stylos sustained the highes Mg values,
whereas D. ovalifolium and Centro main-
tained the lowest.

The chemical values of manganese,
copper and zinc were not available except at
the 12-month cutting. All these elements
increased in concentration with time from
41.1 ppm, 7.9 ppm and 20.9 ppm to 61.7
ppm, 11.1 ppm and 35.6 ppm respectively for
Mn, Cuand Zn (Table 4). There were signifi-
cant differences between species in both
manganese (P<0.01) and copper (P<0.05)
but not in zinc. D. ovalifolium recorded the
highest Mn (85 ppm) contents, while Stylo
Endeavour had the highest Zn (40 ppm) and
Centro the highest Cu content (11.8 ppm).

Leaf area, nodulation and plant root weight
of the sward

Analyses of leaf area showed that
individual leaf size of the legumes were signi-
ficantly affected (P <0.01) by the shade of the
oil palm canopy, with a mean value of 16.69
cm?/leaf in the open and 11.38 cm?/leaf in the
shade. The species variations (P<0.01)
ranged from mean values 37.35 cm?leaf in
C. caeruleum to 1.82 cm?%leaf in Stylo Cook.
It was interesting to note that there were
significant differences (P<0.01) in the inter-
action between species and shading (Table
5). Some species, such as the two
Desmodiums and two Stylos increased their
leaf areas under shade as compared to that in
the open; whereas the two Calopogoniums,
Centro and Siratro recorded opposite
effects. Under the shady canopy, D.
ovalifolium experienced a 33% increase in
leaf area, while Hetero, Stylo Cook and
Endeavour recorded leaf sizes which were
3.3, 2.8 and 2.6 times respectively larger than
normal. Of all the species tested, however,
only the two Calopogoniums produced signi-
ficant decreases from 42.70 to 32.02 cm?/leaf
for C. caeruleum and from 52.62 to 15.86
cm?/leaf for C. mucunoides.

The formation of nodules by the end of
the experiment varied significantly (P <0.01)
between species with D. ovalifolium ranking
first followed by Stylo Endeavour, C.
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caeruleum, Stylo Cook, Hetero, C.
mucunoides, Centro and Siratro. Nodules of
all the species examined were found to be
relatively smaller in size and lighter in colour
than .the normal pinkish nodule. Root dry
matter studies showed that there were highly
significant differences between species, with
D. ovalifolium, C. caeruleum and Centro
ranking among the highest (Table 5); while
Siratro and Hetero ranked the lowest.

There were positive relationships
between sward root weight and its nodula-
tion and total pasture DM. The correlation
coefficients of sward root weight and nodule
number to total pasture DM were r = 0.65
andr = 0.89, respectively.

Plant survival

Under a shady environment, there was
no significant cutting effect on number of
plants that survived. However, there was
much variation (P<0.01) between the
species. The most persistent species was D,
ovalifolium with a survival of 27 plants/-
0.27m? equivalent .to 41.2% of the initial
plant population. It was significantly higher
than the two Stylo (14.5—17.7 plants/0.27

m?) and Hetero (14.4 plants/0.27 m?).

Although C. caeruleum (4.7 plants/0.27 m?)
and Centro (7.9 plants/0.27 m?2), had signifi-
cantly lower plant numbers, they maintained
the second highest survival rates of 36% and
38%, respectively (Table 5). C. mucunoides
was the only species with 219 increase in
plant number.

In an attempt to correlate the sward
root weight and nodule number to the per-
centage of plant survival, it was found that
there were strong correlations between root
dry weight and plant survival (r = 0.80) and
between nodule number and plant survival (r
= 0.38). In these analyses the species C.
mucunoides was excluded from the computa-
tion since it did not reflect the mean treat-
ment effect.

DISCUSSION

It is interesting to note that all the
selected legumes in this experiment estab-



lished easily and sustained different growth
patterns under such a closed canopy with a
low illumination of 15.8% —5.7% daylight
(Table 1). The positive correlations between
plant characters of various legumes in single
plant and in sward (Table 2) indicate that fast
establishing species as single plants, such as
C. caeruleum and Centro which had good
root development and nodule formation,
would probably perform and persist better in
sward conditions; whereas slow growing
species such as Siratro, Hetero and the two
Stylos did not do well in the sward under
shade (Table 5). However, D. ovalifolium
was an exception. It appeared slow and late
in establishment (Figure 1) but performed
the best among all the legumes with superior
root development and highest nodule forma-
tion, sustaining 41.2¢ survival and produced
the highest DM yield.

The overall production of dry matter of
the eight legumes in this experiment under
the palm canopy was low (Table 3) and
declined drastically over time (Figure 3)
despite the good initial plant establishment
(Figure 1). This is in agreement with results
obtained by other workers (BURTON,
JACKsON and KNoX, 1959; LupLOW , et al.,
1974; RAJARATNAM and CHAN, 1976) that
shading reduced biomass and cumulative
DM of tropical legumes. Although the DM
vields of these legumes in the open were not
measured in this experiment, their produc-
tion in full sunlight per hectare per year had
been reported (WONG, CHEN and AJIT,
1982) to be about 4.74 tons for D.
ovalifolium, 5.27 tons for C. caeruleum, 5.07
tons for C. mucunoides, 8.69 tons for Centro,
2.74 tons for Hetero, 3.87 tons for Siratro,
4.85 tons for Stylo Endeavour and 6.35 tons
for Stylo Cook. Based on these figures, the
relative DM yield reduction at 15.8% day-
light (Year I) and 5.7% daylight (Year II)
were estimated to range from 609 to almost
1009 between species. The best species, D.
ovalifolium, could maintain about 40% of its
relative yield in the open; whereas the
second ranking species, C. caeruleum -and
Centro sustained only 109 and 15% of their
relative yields, respectively. The remaining
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species produced negligible yields under
such a low light environment. ERIKSEN and
WHITNEY (1980) reported, however, that
Centro when grown at 27% daylight could
achieve 44% of its relative DM yield. The
poor growth of Siratro and Stylo were also
mentioned in the same report with relative
DM vyields of 20% and 10¢, respectively.
Even under the controlled environment at
10 daylight, Siratro produced about 10%
of-its relative DM yield (LUDLOW et al.,
1974), but at higher light levels (40%
daylight) it could produce 60% —70% of its
potential yield (WONG and WILSON, 1980).

Although there were marked responses
in the legume species to cutting and strong
interactions between species and cutting
treatment (7Table 3 and Figure 2a), D.
ovalifolium showed outstanding perfor-
mance among all. It also performed better
when the cutting interval was prolonged to
about eight months. Other species either
declined in DM vyield (Figure 2) or were not
responsive to cutting frequencies of 4, 8 and
12-month (Table 3). Indications are strong
that when light is a critical factor in such an
instance, the cutting frequency imposed may
not be that important a factor in DM yield in
most of the species (Table 3).

Under the critically low light trans-
mission situation, most mineral contents in
the legumes were found to be relatively low
(Table 4) and declined with time as com-
pared to the results obtained by others in the
open (ENG, KERRIDGE and MANNETIE,
1978; THAM and KERRIDGE, 1982) and in the
shade (CHEN et al., 1978; ERIKSEN, and
WHITNEY, 1980). Low nitrogen percentage
(1.47%—=2.07%) in the plant and total
nitrogen production as well (Figures 2b, 2¢)
are believed to be due to the deleterious
effects of defoliation and shading on nodula-
tion as reported for tropical pasture legumes
(WHITEMAN and LULHAM, 1970).

The plant phosphorus concentration
was far below the minimum level of 0.16% —
0.23% for normal growth of legumes
(ANDREW and ROBINS, 1969a; BRUCE,



1974). The potassium status declined with
time and sustained a value below the critical
point of approximately 0.8%, a value
worked out by ANDREW and ROBINS
(1969b) for a number of tropical legumes.
Although it was evident that the calcium
level for legumes increased with time (Table
4), it was only sufficient for growth in
legumes (0.55%—1.00%) as stated by
SHORROCKS (1964). ANDREW and NORRIS
(1961) identified that Ca levels of 1.35¢; —
1.58% were associated with maximum yields
of Centro and Stylo. However, based on the
estimates by LONERAGAM and SNOWBALL
(1969) for several legumes, the Ca levels
recorded here were all below the functional
requirement of 0.2 percent.

The magnesium level was quite high as
compared to the results obtained by THAM
and KERRIDGE (1982) for legumes grown on
various soil types in Peninsular Malaysia,
while the amount of copper was just above
the marginal level of 5 ppm (ANDREW and
THORNE, 1962).

In view of the low plant mineral status
throughout the trial, it is evident that the
critical low light intensity under the palm
canopy has actually limited the uptake and
fixation of nitrogen which in turn restricted
the absorption of other minerals or vice
versa. Similar findings in nitrogen uptake by
Bermuda grass (BURTON. et al., 1959) have
shown that at 297 daylight, a relatively
higher DM yield of 53% was obtained at 225
kg N/ha than of 299% at 1,796 kg N/ha.
Further, ANDREwW and ROBINS (1969b)
reported good correlations between N and P
concentrations in plant tops for 10 tropical
legumes. The nitrogen concentrations in the
plant tops were increased by phosphorus
supply. Although, in this study, there were
species differences in almost all mineral
contents except phosphorus (Table 4), it was
rather difficult to identify and account for the
performance of species under the canopy, as
shade could be an overriding factor. STEEL
and HUMPHRAYS (1974) reported that
pasture growth, soil moisture and light
transmission were not affected by proximity
to coconut palms, but phosphorus was the
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main nutrient deficiency in the 0-30 cm
horizon. There were no lateral gradient of
root distribution from the palms and the
pasture legume roots occupied the same
region (to a depth of 95 cm) as the coconut
roots. Therefore, the low mineral status in
the plant tops and their sharp decline over
time could also be attributed to the competi-
tion for nutrients by the oil palm roots.

Leat area is one of the major attributes
of plant growth and DM production
(DONALD, 1961; RHODES, 1973). The
changes in leaf size recorded for various
legumes in this experiment (Table 5) showed
the ability of each species to adjust their leaf
size for maximum light interception under
the palm canopy in order to achieve
maximum growth and high productivity. The
detection of positive correlations between
the different agronomic characters would
provide better identification for species that
perform well under shade. D. ovalifolium
was able to increase its leaf area by 337 in
order to maximize its photosynthetic intake
for growth. Although it was characterized by
the lowest mineral contents throughout the
trial (Table 4), it was able to develop the best
sward, rooting system and highest number of
nodules (Table 5) which in turn gave it the
most sigificant survival rate (41.2%% ) and DM
(1 970 kg/ha/year) and nitrogen (34 kg/ha/
year) production.

Although D. heterophyllum and the
two Stylos were able to secure larger leaf
sizes to cope with the low light intensity
environment, they were retarded either by
poor rooting system or fewer nodules. C.
caeruleum experienced a 25% reduction in
leaf size, but with the capability of deve-
loping one of the best rooting systems and
having moderate nodulation per plant, it
maintained the second highest DM yield
production and had a survival rate of 369 of
its initial plant population. The leaf area
reduction in Centro was insignificant in
contributing to the present performance
probably because of the good rocting system
which gave it the second highest survival rate
(38%). Both the species, C. caeruleum and
Centro, had the highest plant nitrogen con-



centrations during the trial (Table 4).

C. mucunoides was a fairly good starter
during establishment (Figure 1) but with
poor rooting and nodulation, the species was
fast deteriorating. Moreover, the plant
tended to flower and set seed frequently
which could weaken the overall vegetative
performance under shade. The increasing
plant population (7Table 5) recorded towards
the end of the trial, could be due to germina-
ting seeds which dropped at the early stage of
the experiment. Siratro showed the worst
deterioration under the palm canopy (Table
5 and Figure 3) despite initial good estab-
lishment (Figure 1).

Agronomic Implications

The experiment was conducted under
an extremely low light intensity environment
with the oil palm age of about 5—7 years old.
It is not surprising to note that all the legumes
species did not perform as well as in the
open. Based on the present results, the best
species, D. ovalifolium could only produce
approximately 40 of its potential yield in

the open while the second ranking species,
C. caeruleum and Centro could sustain only
299 and 20°¢ of D. ovalifolium production.
Results indicate clearly that at the moment
none of the other legumes studied could
grow better than D. ovalifolium under such
an oil palm canopy. However, it is generally
believed that these species should perform
better if grown under younger oil palm where
higher light intensity prevails. Therefore, the
production and changes of the swards, their
stabilities and adaptabilities in mixtures
under grazing, in relation to various ages of
the tree crops will deserve priority in future
studies.

ACKNOWLEDGEMENTS

The authors would like to express their
appreciation to En. Ahmad Shokri b. Hj.
Othman for statistical analyses and En. Abas
b. Abd. Ghani for all the plant chemical
analyses in this series of work. They were
also gratetul to En. Abd. Hashim b. Musa
and Cik Enson bte Hj. Abdul Rahman for
their assistance.

SUMMARY

Under the closed canopy of the oil palm with mean light transmissions of 15.87¢ t0 5.7/ daylight,
¢ight tropical legumes were evaluated for their general agronomic performance. plant chemical composi-
tion and persistence with three cutting frequencies of 4, 8 and 12 months.

All legumes declined in vield when cutting frequency was relaxed from 4 to 12 months except D.
ovalifolium which increased by almost double in DM vield when cut at 8-month as compared to 4-month

cutting.

D. ovalifolium which was characterised by slow plant establishment and low plant mineral status

had the highest root weight, nodules per plant and bigger leaf area to produce the highest DM vield (1 970
kg/ha/year) and nitrogen content (34 kg/ha/year).

Although showing constantly higher plant mineral contents and fast plant establishment, C.
caeruleum and C. pubescens, achieved only 29% and 20% DM, respectively, compared to D. ovalifolium.
Both species were able to establish good root weight to sustain moderate growth and to achieve plant
survival of 36.17¢ and 38.3%, respectively.

Although D. heterophyllum and Stylosanthes guianensis cv. Endeavour and Cook recorded larger
leaf sizes ranging from 3.3, 2.6 and 2.8 times more than the normal, they produced negligible yields.

C. mucunoides and M. atropurpureum cv. Siratro deteriorated immediately after sward establish-
ment under critical light environment.

34



REFERENCES

ANDREW, C.S. and NorRis. D.D. (1961).
Comparative responses to calcium of
five tropical and four temperate
pasture legumes species. Ausr. J.
Agric. 12,4055,

ANDREW, C.S. and THORNE. P.M. (1962).
Comparative responses to copper of
some tropical and temperate pasture
legumes. Aust. J. Agric. Res. 13,
821-835.

ANDREW, C.S. and ROBINS, M.F. (1969a).
The effect of phosphorus on the growth
and chemical composition of some
tropical pasture legumes. 1. Growth
and critical percentages of phosphorus.
Aust. J. Agric. Res. 20, 665 -674.

ANDREW, C.S. and ROBINS, M.F. (1969b).
The effect of potassium on the growth
of some tropical and temperate pasture
legumes. I. Growth and critical percen-
tages of potassium. Aust. J. Agric. Res.
20, 9991007,

ANI AROPE, (1976). Roles of ‘RRIM’ in the
development of livestock industry in
smallholdings. In symposium ‘Small-
holder livestock production and
development” held at ITM, Shah Alam.
15—16th March, 1976.

BROUGHTON, W.J. (1976). Effects of
various covers on the performance of
Elaeis guinensis Jacq. on different soils.
In the Malaysian International Agricul-
tural Oil Palm Conference 1976. Pre-
print No. 35.

BRUCE, R.S. (1974). Growth responses,
critical percentage of phosphorus, and
seasonal variation of phosphorus
percentage in Stylosanthes guianensis
cv. Schofield top dressed with super-
phosphate. Trop. Grasslds. 8, 137-
144.

BURTON. G.W.. JACKSON, J.E. and KNOX,
F.E. (1959). Influence of light reduc-
tion upon the production, persistence,
and chemical composition of coastal
Bermuda grass (Cynodon dectylon).
Agron. J. 52.537-342.

CHEN. C.P., CHANG, K.C., AJIT. S.S. and
HASSAN WaAHAB, (1978). Pasture and
animal production under five-year-old
oil palm at Serdang. In Proceedings
Integration of Animal with Plantation"
Crops. pp. 179-192.

CHEN, C.P. and BONG JULITA. I. (1983).
Performance of tropical forages under
the closed canopy of the oil palm. I.
Grasses. MARDI  Res. Bull. 11,
248-263,

DEVENDRA. C. (1978). A model for the
integration of goats with cropping
systems in the Asean Region. In Pro.
Integration of Animals with Planta-
tions Crops by Rubb. Res. Inst.
Malays. and Malays. Soc. Anim.
Prodn., pp. 84-97.

DonaLp, C.M. (1961). Competition for
lightin crops and pasture. In: Symposia
of the Soc. for Experimental Biol. XV,
pp. 282-313.

ENG, P.K., KERRIDGE. P.C. and
MANNETIE, L. "T. (1978). Effects of
phosphorus and stocking rate on
pasture and animal production from a
guinea grass-legume pasture in Johore,

Malaysia. 1. Dry matter yields,
botanical composition. Trop. Grasslds.
12, 188197,

ERIKSEN, F.I. and WHITNEY, A.S. (1980).
The effects of light intensity on the
growth of some tropical forage species.
II. Legumes (In press).

FOSTER, H.L. (1975). The effect of ground
management on oil palm nutrition — A
review. MARDI Report No. 41, 5 pp.



GuzMaN,M.R.DE and ALLO,A. V. (1975).
Pasture production under coconut
palms. ASPAC/FFTC.

HAMILTON, R.A. and PiLLAY, K.S. (1941).
The manuring of  Centrosema
pubescens. J. Rubb. Res. Int. Malay.
11, 25.

HaN, K.J. and CHEwW, P.S. (1981). Growth
and nutrient contents of leguminous
cover in oil palm plantation in
Malaysia. In: International conference
on the oil palm in agriculture in the
eighties by the PORIM and the Incor-
porated Soc. Plrs. K.L. Preprint paper
No. A30.

JAVIER, E.Q. (1974). Improved varieties for
pastures under coconuts. ASPAC/
FFTC Extn. Bull. No. 37.

Liv. K.P. and CHAL W. (1976). Leguminous
covers versus natural covers on
economic exercise. In: SOMIPLAN
Symposium. Preprint paper No. 33.

LONERAGAM, J.F. and SNOWBALL, K.
(1969). Calcium requirements of
plants. Aust. J. Agric. Res. 20, 465—
478.

LupLow, M.W., WrimsoN, G.L. and
HESLEHURST, M.R. (1974). Studies on
the productivity of tropical pasture
plants. V. Effects of shading on
growth, photosynthesis and respiration
in two grasses and two legumes. Aust.
J. Agric. Res. 25,425—433.

RAJARATNAM, J.A. and CHAN, K.W.
(1976). Effect of shade on growth and
nitrogen fixation of some legumes. In:
Symposium Soil Microbiology and
Plant Nutrition. Preprint paper No. 29.

REYNOLDS, S.G. (1978). Selection of grass
and legume species for coconut areas in
Western Samoa. In: Proc. Integration
of Animals with Plantation Crops, pp.
193-205.

36

RHODES, 1. (1973). Relationship between
canopy structure and productivity in
herbage grasses and its implication for
plant breeding. Herb. Abstr. 43, 129—
133.

SHORROCKS, V.M. (1964). Mineral
deficiencies in Hevea and associated
cover plants. Rubb. Res. Inst. Kuala
Lumpur, Malaysia.

STEEL, R.J.H. and HumpPHRAYS, L.R.
(1974).  Growth and phosphorus
responses of some pasture legumes
sown under coconuts in Bali. Trop.
Grasslds. 8. 171-178.

TAJUDDIN Ismam, CHIN, S.L. and
PUSHPARAJAH, E. (1979). Improving
efficiency of legume covers for
increased nitrogen  returns. In:
Symposium legumes in the tropics by
Univ. Pertanian Malaysia held on
November 13—17, 1979 at Serdang.

THaM, K.C. and KERRIDGE, P.C. (1982).
Responses to lime, K, Mo and Cu by
grass legume pasture on some utisols
and exisols of Peninsular Malaysia.
MARDI Res. Bull. 10, 350—369.

W AN MOHAMED B. WAN EMBONG, (1977).
Utilization of ground vegetation in
rubber plantation for animal rearing.
In: Proc. Rubb. Res. Inst. Malays.
Plrs.” Conf. K.L. 1977.

WATSON, G.A. (1957). Cover plants
in rubber cultivation. J. Rubb. Res.
Inst. Malaya 18, 123—134,

WATSON, G.A., WonG, P.W. and
NARAYANAM, R. (1964). Effect of
cover plants on soil nutrient status and
on growth of Hevea. III. A comparison
of leguminous creepers with grasses
and Mikania cordata. J. Rubb. Res.
Inst. Malaya 18, 80-95.

WHITEMAN, P.C. and LULHAM, A. (1970).
Seasonal changes in growth and
nodulation of perennial tropical
pasture legumes in the field. 1. The



influence of planting date and grazing WOoNG, C.C., CHEN, C.P. and Aurr, S.S.

and cutting on Desmodium incinatum (1982). A report on pasture and fodder
and Phaseolus atropurpureus. Aust. J. introduction in MARDI. MARDI
Agric. Res. 21, 195-206. Report No. 76, 35 pp.

WoNG, C.C. and WILsON, J.R. (1980).
Effects of shading on the growth and
nitrogen content of green panic and
Siratro in pure and mixed swards
defoliated at two frequencies. Aust. J.
Agric. Res. 31,269-285.

Accepted for publication on 11th May, 1983

37



	C O N T E N T S
	THE TOXICITY OF BROMADIOLONE TO THE MALAYSIAN WOOD RAT RATTUS TIOMANICUS
	THE EFFECT OF FEEDING FOUR LEVELS OF DIETARY DIAMMONIUM PHOSPHATE AND THE PHOSPHORUS REQUIREMENT BY SWAMP BUFFALOES
	PERFORMANCE OF TROPICAL FORAGES UNDER THE CI,OSED CANOPY OF THE OIL PALM. II. LEGUMES
	COUMATETRALYL AS A RODENTICIDE AGAINST RATTAS ARGENTIVENTER (ROBINSON & KLOSS)
	GROWTH STUDIES ON SOME VEGETATIVE CHARACTERS OF PAPAYA (CARICA PAPAYAI,.I)
	EFFECT OF CONCENTRATE SUPPLEMENTATION ON VOLUNTARY FORAGE INTAKE AND GROWTH RESPONSE OF YOUNG DAIRY JERSEY CATTLE
	INCIDENCE OF MASTITIS IN IMPORTED JERSEY COWS
	AN AUTOMATIC INTERACTION DETECTOR (AID) TECHNIQUE FOR SOCIOLOGICAL INTERPRETATION OF FARMERS' PERFORMANCE ON TOPPING AND DESUCKERING OF TOBACCO PLANTS
	THE NESTING HABITS OF THE MALAYSIAN WOOD RAI IN THREE COCOA CROPPING SYSTEMS
	FISI{ SAUSAGE - ITS PREPARATION AND QUALITY CHANGES DURING STORAGE
	TRANSMISSION OF RAGGED STUNT VIRUS DISEASE OF RICE IN MALAYSIA
	OBSERVATIONS ON THE EFFECT OF LOW TEMPERATURES ON FLORAL INDUCTION IN CASSAVA (MANIHOT ESCULENTA CRANTZ)
	CARCASS YIELD OF BROILERS
	MODES OF INHERITANCE AND LINKAGE RELATIONSHIPS OF SOME DISTINCTIVE MORPHOLOGICAL CHARACTERS IN CHILLIES (CAPSICUM ANNUUM L.)
	AN AUTOMATED METHOD FOR GLUCOSE/STARCH DETERMINATION IN PLANT MATERIAL
	G X E INTERACTIONS, HERITABILITY ESTIMATES AND VARIETAL ADAPTABILITY IN IMPORTANT AGRONOMIC CHARACTERS OF CASSAVA
	INDUCTION OF FERTILE OESTRUS USING PROGESTERONE RELEASING INTRAVAGINAL DEVICE (PRID) IN JERSEY CATTLE
	EDIBLE COMPONENT PARTS OF BROILER CHICKENS



