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PERFORMANCE OF TROPICAL FORAGES UNDER THE CI,OSED
CANOPY OF THE OIL PALM. II. LEGUMES

CHEN CHIN PENG* AND OTHMAN OI\4AR-
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RTNGKASAN

Satu percubaan te lah di ja lankan di  bawah naungan pokok kelapa sa* i t  dengan penembusan
cahaya dar i  1-5.8 '7 ke 5.7c. t  bagi  meni la i  kesesuaian lapan jenis kekacang t ropika dar i  segi  prestasi
agronomi,  komposis i  k imia,  tumbuhan dan ketahanannva menerusi  t iga per ingkat  pemotongan ia i tu :1.  8
dan  12  bu lan .

Kesemua kekacang didapat i  berkurangan hasi lnya apabi la pemotongan kerap dihuar ia i tu dar i  J
bulan ke 12 bulan kecual i  D.  oval i fo l ium lang menghasi lkan berat  ker ing dua kal i  ganda pada lapan bulan
j ika dibandingkan dengan pemotongan vang dibuat  set iap empar bulan.

Kekacang D .  ovul i fo l ium de ngan sr fatnva 1 'ang lambat membesar da n kadar garam-gal ian n va yang
rendah sebal iknva mempun!ai  berat  akar serta b int i l  !ang t inggi .  la juga mempunl 'a i  permukaan daun
vang lebar bagi  menghasi lkan berat  ker ing vang t inggi  (  I  970 kg/ha/ tahun) dan juga kandungan ni t rogen
vang t inggi  (3,1 kg/hal tahun).

Walaupun kekacang C-.  t 'aeruleum dan C. pubescel ,s te(us menunjukkan penghasi lan )-ang t inggi
bagi  kandungan garam-gal iannva serta pertumbuhan vang cepat.  masing-masing hanya dapat mencapai
29c.ir dan20or berat kering jika dibandingkan dengan D. ovalifolium. Kedua-dua spesies ini berupaya
mengeluarkan akar ] -ang banl 'ak bagi  menjamin pertumbuhan vang sederhana dan masing-masine
mencapai  36.  l ' i  dan 38.3 ' l  pokok vang dapat h idup.

D. heterophvl lum dan Stv losanthes gnianensiscr .  E.ndeavour dan c l .  Cook,  walaupun mempunvai
ukuran daun yang lebih besar ia i tu masing-masing dapat tumbuh 3.3,2 6 dan 2. t3 kal i  ganda dar i  b iasa
tetapi  t idak member i  hasi l  I 'ang memuaskan.

(). mucunoides dan M. atropurpureum c\'. Siratro didapati pokoknva lebih cepat merosot apabila
di tanam di  kawasan vang kurang mendapat cahar,a.

INTRODUCTION

There are about two mill ion hectares of
rubber, one mill ion hectares of oil palm and
0.31 mi l l ion hectares of  coconut  in  the
country. In the case of rubber there are
70cL -80ci interrow land available for
cultivation (ANr Anoer^ 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 (WersoN, 1957).  I t  was la ter  looked
into for the improvement of soil nitrogen
(HeltnroN and PILLAY, l94I; WarsoN,

WoNG and NARAYANAM. 1964; Fosrpn.
197-5: BnoucHToN. 1976; LrHa and CHRr.
1976) and recent lv for the provision of extra
income from pasture and livestock produc-
t ion (WaN MoHavr,o 1977; CsEN, CHeNc.
Aln and HASSAT.* WAHAB. 1978;
DpvENoRa. 1978).

TR:uoorN, Isuarl .  CnrN and
PusupaRRrAH,(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  v iew.

*Feed Resources and Animal  Nutr i t ion Branch,  MARDI,  Serdang, Selangor.
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Some tropical legume species such as

Centrosema pubescens, Calopogonium
niucunoides, C. c'neruleum, Desmodium

heterophyllum, D. ovalifolium, Mauop'

tilium atropurpureum cr'. Siratro and Sr,v/o-

.santhes guianensis were reported to be

shade-tolerant (Luot-ow. Wtt-soN and

Hgsr-EuuRsr.  197- l :  JRvtpR. 197'11 Srer l

and HurupHRAlrs 197-l: Guztrt,q'N and Alr-o.

1975:  WoNG and Wtt-soN, 1980) or  wel l

adapted to condi t ions under the p lantat ion

canopies (WarsoN et  (11. ,  196'1:

BpoucHror . - .  1976:  REvxolos.  1978;  HaN

and CHp.w,  198 1) .  Holrever .  these legumes

were screened separate lv ,  in  d i f ferent

envi ronments wi th i l luminat ion ranging f rom

101'r  to  l00r ' i  da1' l ight .  I t  $ ' i l l  be of  great

advantage to understand the growth and

product ion of  these legumes under the

plantat ion envi ronment  u 'here l ight

t ransmiss ion is  a cr i t ica l  factor .

The ob jectir. 'e of the studv was to screen

eight  t ropical  legumes for  thei r  general  per-

formance and thei r  changes in dn '  mat ter

.v- ie ld,  in  chemical  composi t ion and in p lant

surv iva l  wi th t ime in resporrse to d i f ferent

cut t ing f requencies under a fu l lv  c losed

canopv of  the o i l  pa lm.

MATBRIALS AND METHODS

General  in tbrmat ion regarding the o i l

oa lm and l isht  t ransmiss ion in  re lat ion to the

experiment has already been described in the
previous paper (CUEN and BoNc Julne.,
1983).  The mean l ight  t ransmiss ions under

the canopy'as compared to that  in  the open at

mid-day are summarised in Table L

ln th is  exper iment ,  a tota l  o f  e ight
legumes were included in a split-plot design
wi th species in  the main p lots  (s ize:  ' l  m x4 m)

and cut t ing f requencv ( '1 ,  8 and l2-months)

in the subplots (s ize:  1.3 m x 4 m) in  s ix

repl icat ions.  The e ight  species were:

Species
Common Seed

Name (g/plot)

l .

2.

3 .

"1.

-5.

6 .

C alo po gon ium c ctentleum

C a I o p o go n i u nt m uc u no i d e s

(-entrosema pubescens

D e s modium h ete rop hv llum

D e s m o d i u m o v a I i.ftt I i urn

Macroptilium atropur-
pureum cr .  Si ratro

Stt  losanthes guionensis cx.

Endeal 'our

E. St t  losanthes guiunensis ct

Cook

20

Centro 50

Hetero

- 2 0

Siratro ;+0

St]-lo
Endeavour 20

Stvlo Cook 20

Inoculated seeds were used for  the

in i t ia l  su 'ard establ ishment  on December 15.

197-5 except D. heterophvllum which was

planted from rooted vegetative material '

Table l. Percent light transmission during the day under the closed canopy of the oil paim

Time
Year I

(August 1976)
Year II

(September 1977)

7.00 am

8.00 am

9.00 ani

1 1 . 0 0  a m

1.00 pm

3.00 prn

5.00 pm

Mean

2.5%

21.1%

38.0%

16.7%

r4. t%

2.9Vo

rs3%

2.s%

t0.1%

4. |Vo

s .7%
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Seeding rates of the various legumes as
stated in the above table v,,ere worked out on
the basis  of  thei r  seed v iabi l i t ies wi th the a im
of  achiev ing s imi lar  p lant  populat ion pgr
plot .  Weekly germinat ion counts were made
unt i l  the 9th week af ter  sowing on randomly
placed quadrats (0.3 m x 0.3 m).  A tora l  of
three quadrats per  sub-plot  were taken
dur ing seedl ing counts.

A general  cut-back was made to a l l
legumes on June 15.1976 at  heights between
5 to l0  cm so as to condi t ion the species to an
even vegetat ion at  the star t .  Dry mat ter
(DM) y ie lds were recorded f rom cut t ing the
sward in  the whole p lot  where a smal l  sample
was taken for  p lant  mineral  composi t ion
analyses. Seed collection was made from the
12-month cut t ing t reatment  p lots  a lmost  l0
months af ter  the exper iment  s tar ted.  I t  was
observed that some pods of C. mucunoitles
had a l ready shat tered thei r  seeds by then.  A
tota l  of  three col lect ions of  seed were made
dur ing the exper iment .  Leat ,es f rom three to
f ive p lants of  each species in  the main p lots
were randomlv selected and removed for
s ingle leaf  area measurement ,  us ing an area
mete r  (L I -COR mode l3100 )  on  December
7 ,  1977 .  These p lants were larer  dug up wi th
the help of  sp lashing water  and spade to rhe
depth of  25 cm and d iameter  of  20 cm. and
oven-dried for root weight and nodulation
records.  Meanwhi le,  leaves f rom two p lants
of  the same species/cul t ivars in  the museum
plot ,  approximatelv  hal f  a  mi le away f rom
the exper imenta l  s i te  were taken for  leaf  area
measurements as the contro l .  Before the
above parameters were taken,  p lant  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 accidentallv
sprayed with weedicide during oil palm
management.

Basal ferti l izers were applied
immediately after planting at a rate of 30
kg/ha of each P and K and subsequent main-
tenance ferti l izers of 50 kg/halyear of each P
and K in the forms of triple super phosphate

and muriate of potash, respectively. They
were spl i t  equal lv  in  three appl icat ions
annual lv  and were appl ied af ter  each
harr, 'est.

In order to understand the growth
pat tern of  p lants under the c losed canopy of
the o i l  pa lm. one p lant  f rom each of  the
selected legume species were srown in poly-
ba-qs in four replications on June 1,1. 197tr.
Top soil from outside the experimental site
was used to f i l l  the indiv idual  polybags.  Al l
seeds were inoculated with appropriate
rh izobia before p lanr ing.  Af ter  p lant ing,
hand water ing was carr ied out  every
morning.  except  when i t  ra ined.  The p lants
were harvested on the 12th-rveek after
p lant ing at  3-weeks inrerval .  The whole p lant
\\ 'as removed from the polybag, washed and
ol 'en dr ied for  DM content  and separated
into leaf ,  s tem. root  and nodules.

RESULTS

Light  measurements under the palm
canopv.  averaeing f rom l -5.8 ' .  davl ight  in
vear  I  to  5.7 ' i  da i r l ight  in  vear  I I  showed that
there was no stat is t ica l  s igni f icant  d i f ference
ln anv posi t ion of  l ight  measured at  the f ixed
points dur ing the day ' .  I t  is  assumed that
uni form l ight  d is t r ibut ion was ensured under
the palm canopy dur ing the course of  the
erper iment .  Rainfa l l  recorded dur ing the
period did not produce anv specific inf' luence
on the legume product ion (  F igure 31.

The overal l  p lant  growth of  a l l  the
le_qume species during the earlv stage of the
exper iment  was fa i r ly  v igorous except  in
Siratro which appeared very weak (etio-
lated) and suffered from foliar blight caused
by Rhizoctonia solani. After one year, ihe
growth of all legumes deteriorated rapidly
except for D. ot'alifolium, C. caeruleum and
Centro which sti l l  showed green, vigorous
and healthy plants. It was observed that all
plants tended to be etiolated, particularly the
Siratro and the trvo Stylos. Insect attack on
Siratro and Hetero by Lamprosema
diemenalis was noticed two months after the
experiment. Seed collections were made
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from the following species: C. mucunoides
(2 377 seedsiplot). D. ovalifolium (579
seeds/plot), Centro (,13.1 seeds/plot) and
Sty lo Endeavour (41 seeds/p lot ) .

Single plant growth in relation to sward

The growth of  s ingle p lant  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 bet ter  than Hetero.  The two Sty los
were slowest in establishment (Table 5). Un-
like other species, D. ovalifoliunr recorded a
l'erv slow rate of growth at the beginning. It
gained its pace only after 23rd week from

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

All the legume species showed relative-
ly  good nodulat ion ranging f rom 8.5 to 15.1
nodules/plant except Stylo and Siratro which
had only 1.2 and 2.3 nodules/p lant ,  respec-
tivelv. 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 p lant  DM were posi t ive ly
correlated to root DM and plant survival in
the sward as shown in Table 2.

3
(  1e .0)

3
(2 .41) o l

l .  C.  caeruleum
2. C. mucunoides
3.  Centro
4. Hetero
5. D. ovalifolium
6. Siratro
7. Stylo Endeavour
8.  Sty lo Cook

(b) Whole plant DM

Weeks

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
lesumes

Sward character
Single plant character

Root DM (g/plant) % Survival*

Nodule

Root

Whole plant

0.60

0.42

0.s  5

i  1 )

0.38

0.41

*Species C. mucunoides excluded

Accumulated total drv matter yields of
the legumes over the experimerttal period of
two years ranged from as high as 1 950 kg/ha/
year (D. ovalifolium)to as low as 7:l kg/ha/
year (Siratro) (Tables, l  and5/. .  Al l  legumes
responded markedly (P<0.01) to the cutt ing
treatments when grown under the oi l  palm
canopy (Figure 3). Their DM decreased
when cutting interval was increased from
four months to l2 months with the except ion
of D. ovalifolium which increased yield by
96'i (Figure 2a). There were strong inter-
act ions (P<0.01) also between the species
and cutting regime. C. caeruleum tended to
maintain i ts y ield under the same treatments.
The DM yield also di f fered (P<0.01)
between species (Table 3 ), with D.
ovalifolium ranking persistentlv higher
( 1 151 -2 377 kgihalyear) than C. c'aenrleunt
(550-700 kgiha/year),  Centro (351-468 kg/
halyear), Stylo Endeavour (267-337 kglhal
year), D. heterophyllum (214-33,1 kg/ha/
year),  Stylo Cook (110- 1.16 kg/ha/year),  C.
mucunoides (21- ll I kg/ha/year) and
Siratro (15- 183 kg/haiyear).

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 1.65c2 to 2.,18% with
mean nitrogen percentage in Centro (2.20ci
to 2.701'c) being about 50% higher than the
lowest viz.  Stylo Cook (1.47c/c ro 7.83' , t ) .
The other legumes were ranked sequentially
as D. heterophylllyum (2.08c;t to 2.27'/c), C.

caenrleum (1.93' ; to 2.25.'t ), C. mucunoides
(1 .73 ( t  t o2 .01 ( ' r  ) ,  S t y l o  Endeavou r  (1 .61 ' t
t o  2 .06 ' c ) ,  D .  ov ' a l i f o l i um (1 .69 ' r  t o  1 .91 ' ; )
and Sirat ro (1.8-5 ' ; ) .  The overal l  n i t rogen
percentage decl ined s igni f icant ly  (P<0.01)
when cutting interval increased from four
m o n t h s  ( 2 . 1 3 ' ;  ) .  t o  e i g h t  m o n t h s  ( 1 . 9 1 ' : )

and  to  l 2  mon ths  (1 .79 ' ; )  (F igu re2c1 .

Under the. i -month cut t ing regime.  the
ana I r  ses shor . r  ed that  n i t rogen concentra-
t ions of  var ious legumes changed s igni f i -
can t l \  w i t h  t ime .  The  n i t r ogen  concen t ra -
tions in Centro and C. caeruleum were the
highest  among the species studied and
increased with time irrespective of their
cut t ing f requencv.  The n i t rogen concentra-
tion for the two Desmodium species plus C.
mucunoides and Stylo Cook decreased with
t ime under the 12-month cut t ing regime.  The
rest  of  the species tended to mainta in the
same level  of  n i t rogen concentrat ion at  more
f requen t  cu t t i n -q  i n te rva l s ,  i . e . ' 1  and  8 -
month.  Tota l  n i t rogen product ion 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.a kg) ,
Hetero (6.7 kg)  and Sty lo Endeavour (5. .1

kg). The nitrogen productions of C.
mucunoides, Stylo Cook and Siratro were 2.2
kg,  1.9 kg and 1.6 kg,  respeci tve ly .

Of all the minerals tested, phosphorus
was the only element with no significant
differences between species (Table 4). How-

ever ,  i t  decreased steadi ly  (P<0.01)  wi th

time. Phosphorus levels in the legumes also

decreased tremendously (P<0.01) from

0.21% at  4-month cut t ins to 0.13c/c at  8-
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l  C.  caeruleumI
2. C. mucunoides
3.  Centro
4. Hetero
5. D. ovalifolium
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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 0.13c/c at 12-monrh
cutt ing in Year I ,  and from 0. l5ci  to0.73.;L
and to 0.09%, respect ively,  in the fol lowing
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
specles.

The potassium values were severely
affected by cutting intervals declining bv
I3.2ci at 8-month and by ;t0.i1.7 at 12-
month as compared to that of 4-month's.
The highest values were found in the two
Stylos (0.68' :L -1.29q ) and the lowest in D.
oval i fol ium (0.54qc-0.81t?) and C.
mucunoides (0.52ri  -0.68' t)  (Table 1).  I r
was also observed that the decline of K

values with time over two years was greatest
with rates of 83'r . 8-5 .i and 33 f? respectively
for cutting frequenc,v of 4, 8 and 12 months.

Unl ike P and K.  the calc ium values in
all the legumes increased consistently
(P<0.01)  wi th t ime,  i r respecr ive of  thei r
cut t ing in tervals .  The values var ied (P < 0.01 )
between species with D. ovalifolium
( I . 09c ' . - 1 .31 ' t )  and  C .  cae ru leum
(1 .13 ' t  - 1 .28 ' ;  ) ,  be ing  the  h ighes t ,  and
Hetero (0.87 ' i  -  1 .01.  (  )  the lowest .

Magnesium contents were significantly
affected either between the cutting intervals
or between species within each cutting
interr. 'al over the time. The significant differ-
ences between species onlv at  both 4-month

E

'E zoo
&

8 -  month cut t ing

s Qs28)
l2  -  month cut t ing

.  5  (2615)

4 month cutting '  s  (1028) ;
(2140)

7 t

3 o. \

0 4 8 1 2 1 6 2 0 2 4 8 1 6 2 4 1 2 2 4

Months

Figure 3. The effects of rainfall and cutting on changes in DM yield of topical legumes.
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7

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 cutt ing. Al l  these elements
increased in concentration with time from
41.1  ppm,  7 .9  ppm and 20 .9  ppm to  61 .7
ppm, 1 1 . 1 ppm and 35.6 ppm respectively for
Mn, Cu andZn (Table 4).There were signi f i -
cant differences between species in both
manganese (P<0.01) and copper (P<0.05)
but not in zinc. D. ovalifolfurn recorded the
highest Mn (8-5 ppm) contents, while Stylo
Endeavour had the highest Zn (40 ppm) and
Centro the highest Cu content (  1 1 .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
o i lpa lm canopy,  w i th  a  mean va lue  o f  16 .69
cmz/leaf in the open and 11.38 cm2l leaf in the
shade. The species var iat ions (P< 0.01)
ranged from mean values 37.35 cm2lleaf in
C. caeruleum to 1.82 cm2lleaf. 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 therr
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 and2.6 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 cm2 lleaf
for C. caeruleum and from 52.62 to 15.86
cm2lleaf f.or 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.

cteruleum, 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
and r :  0.89, respect ively.

Plant survival

Under a shady environment,  there was
no significant cutting effect on number of
plants that survived. However, there was
much variat ion (P<0.01) between the
species. The most persistent species was D,
ovalifolium with a survival of 27 plantsl-
0.27mt equivalent . to 41.2c,1 of the ini t ia l
plant population. It was significantly higher
than rhe two Stylo (11.5-t7.7 ptanrsl}.27
.mr) and Hetero (14.4 ptantsl}.27 m2).
Although C. caeruleum (4.7 plants/0.27 m2)
and Cent ro  (7 .9  p lan ts /0  .27  m2l .  had s ign i f i -
cantly lower plant numbers, they maintained
the second highest survival rates of 36c1c and
38'2, respectively (Table 5). C. mucunoides
was the only species with 2lc/c 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-
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l ished easily and sustained different growth
patterns under such a closed canopy with a
low i l luminat ion of l5.8ee -5.7ci  dayl ight
(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 l1 but performed
the best among all the legumes with superior
root development and highest nodule forma-
tion, sustaining4l.2't survival and produced
the  h ighes t  DM y ie ld .

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 (BunroN.
JacrsoN and KNox, 1959; Luot-o\ ' , ,  et  al . ,
197,1; RaTaRATNAM and CueN, 1976) that
shading reduced biomass and cumulative
DM of tropical legumes. Although the DM
yields 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 (WoNc, CHnN and Arrr,
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 5.7c/c daylight (Year II)
were estimated to range from 60c/c to almost
100% 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 10% and l5c/c of their
relative yields, respectively. The remaining

species produced negligible yields under
such a low light environment. ERIKSEN and
WHITNEY (1980) reported, however, that
Centro when grown at 27c|c daylight could
achieve 44ci of its relative DM yield. The
poor growth of Siratro and Stylo were also
mentioned in the same report with relative
DM yields of 20'i and 10c2, respectively.
Even under the controlled environment at
10cZ daylight, Siratro produced about 10%
of its relative DM yield (Luolow et al.,
1974), but at higher light levels (40i1
daylight) it could produce 60Vc -701t of its
potential yield (WoNc and WIt-soN, 1980).

Although there were marked responses
in the legume species to cutting and strong
interactions between species and cutting
treatment (Table J 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 ei ther
declined in DM yreld (Figure 2) or were not
responsive to cuttirtg frequencies of 4, 8 and
l2-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
rnost of the species (Toble 3 ) .

Under the critically low light trans-
mission si tuat ion. most mineral  contents in
the legumes were found to be relatively low
(Table 1) and declined with time as com-
pared to the results obtained by others in the
open (ENc, KrRRrocE and MeNNErrE,
1978;Tueuand KERRIocE, 1982) and in the
shade (CHpN et al . ,  1978; ERtrsEN, and
WHITNEY, 1980). Low nitrogen percentage
(1.47%-2.0711) in the plant and total
nitrogen production as well (Figures 2b, 2c)
are believed to be due to the deleterious
effects of defoliation and shading on nodula-
tion as reported for tropical pasture legumes
(WnnpveN and Lur-ueM, 1970).

The plant phosphorus concentration
was far below the minimum level of 0.I6Vc -

0.23% for normal growth of legumes
(ANonEw and RosINs, 7969a; BRucE,,
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1974). The potassium status declined with
time and sustained a value below the critical
point of  approximately 0.8c'c,  a value
worked out by ANoRew and RoerNs
(1969b) for a number of t ropical  legumes.
Although it was evident that the calcium
level for legumes increased with time (Table
1), it was only sufficient for growth in
legumes (0.55c2-l .00ci)  as stated by
SnoRRocrcs (1961).  ANoRew and NoRRrs
(1961) ident i f ied that Ca levels of 1.35.,1-
1.58c/c were associated with maximum yields
of Centro and Stylo. However, based on the
estimates by LoNEnecAM and SNowsA.r_L
(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 Tneu
and KERRIocE (1982) for legumes grown on
various soil types in Peninsular Malaysia,
whi le the amount of copper was just above
the marginal level of  5 ppm (ANonew and
TnoRNE, 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 (BunroN, e/ a/ . ,  1959) have
shown that at 291c daylight, a relativery
higher DM yield of 53c1c was obraine d at225
kg N/ha than of 29% at 1,796 kg N/ha.
Further,  ANoREw and RosrNs (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, rhere were
species differences in almost all mineral
contents except phosphorus (Table 4), itwas
rather difficult to identify and account for the
performance of species under the canopy, as
shade could be an overriding factor. Srnpl_
and HuvpuReys (1974) reported that
pasture growth, soil moisture and light
transmission were not affected by proximity
to coconut palms, but phosphorus was the

main nutr ient  def ic iency 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 coconur
roots. Therefore, the low mineral status in
the p lant  tops and thei r  sharp c lec l ine over
t ime could a lso be at t r ibuted to the comoetr-
t i on  l b r  nu t r i en t s  bv  t he  o i l  pa lm  roo ts .

Leaf  area is  one of  the maior  at t r ibutes
of plant growth and DM production
(DoNar-o,  1961;  RHoops,  1973).  The
changes in leaf size recorded for various
legumes in this experimeht (Table -5,) showed
the abi l i ty  of  each species to adjust  thei r  leaf
s ize for  maximum l ight  in tercept ion under
the palm canopy in order  to achieve
maximum growth and h igh product iv i ty .  The
detection of positive correlations between
the different agronomic characters would
provide better identif ication for species that
perform well under shade. D. ovalifolium
was able to increase its leaf area bv 33cr in
order  to maximize i ts  photosvnthei ic  in take
for growth. Although it was characterized by
the lowest  mineral  contents throughout  the
trial (Table 4), it was able to develop the best
sward,  root ing system and h ighest  number of
nodules (Table 5/ which in rurn gave it the
most  s ig i f icant  sun' iva l  rate ( ,11.2.7 )  and DM
(l  970 kg/ha/year)  and n i t rogen (34 kg/ha/
year)  product ion.

Although D. heterophvllum and the
two Stvlos were able to secure larger leaf
slzes to cope with the low light intensity
envlronment, they were retarded either by
poor rooting system or fewer nodules. C.
caeruleum experienced a 25% reduction in
leaf size, but with the capabil ity 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 36% of
its init ial 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
(3BV(). Both the species, C. caeruleum and
Centro, had the highest plant nitrogen con-
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centrations during the trial (Table 1;1 .

C. mucunoide.s was a fairly good starter
during establishment (Figure 1/ but with
poor root ing and nodulat ion,  the species was
fast  deter iorat ing.  Moreover,  the p lant
tended to flower and set seed frequentll
which could weaken the overal l  vegetat ive
perfbrmance under shade.  The increasing
plant population (Table,51 recorded towards
the end of  the t r ia l ,  could be due to germina-
ting seeds which dropped at the early stage of
the exper iment .  Si rat ro showed the worst
deter iorat ion under the palm canopv (Table

5 and Figure -l,t despite init ial good estab-
lishment (Figure I).

Agronomic Implications

The exper iment  was conducted under
an  ex t reme l r  l ou  l i gh t  i n tens i t y  en r  i r onmen t
wi th the o i l  pa lm age of  about  5 -  7 years o ld
I t  is  not  surpr is ing to note that  a l l  the legumes
species d id not  per form as wel l  as in  the
open.  Based on the present  resul ts ,  the best
species, D. ovalifoliun could only produce
approximately 40ci of its potential yield in

the open whi le  the second ranking species,
C. e'aeruleum and Centro could sustain only
29''r and20ci of D. ovalifoliurn production.
Resul ts  ind icate c lear lv  that  at  the moment
none of  the other  legumes studied could
grow better than D. ovalifolium under such
an o i l  pa lm canopy.  However,  i t  is  general ly
believed that these species should perform
bet ter  i f  grown under younger o i l  pa lm where
higher l ight  in tensi ty  prevai ls .  Theretbre,  the
production and changes of the swards, their
s tabi l i t ies and adaptabi l i t ies in  mixtures
under graz ing.  in  re lat ion to var ious ages of
the tree crops wil l deserve priority in future
studies.
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SUNINIARY

Unde r thec losedcanop r  o f  t heo i l  pa lmw i thmean l i gh t t r ansm iss i onso f  l - 5 . 8 ' l  1s -5 .7 ' i  dav l i gh t ,

s ight  t ropical  legumes werc eraluated fbr  their  general  agronomic performance. p lant  chernical  composi-

t ion and pers istence $i th three cut t ing f requencies of '1.  8 and l l  months

Al l  legumes deci !ned in I ' ie ld when cut t ing f requencv was re laxed f rom - l  to l2 months except D.

oyal i fo l ium which increased b1'a lmost  double in DM vie ld *hen cut  at  l l -month as compared to ' l -month

cut t ing.

D. oval iJbl iutn which was character ised by s low plant  establ ishment and low plant  mineral  status

had the highest  root  weight .  nodules per p lant  and bigger leaf  area to produce the highest  DM . ' . ' ie ld (  I  970

kg/haiyear)  and ni t rogen content  (34 kg/ha/1-ear)

Al though showing constant lv  h igher p lant  mineral  contents and fast  p lant  establ ishment.  Cl .

caeruleun ancl C . pubescens, achieved on ly 29'tr and 20'i DM, respective ly, compared to D. ovalifolium

Both species were able to establ ish good root  weight  to sustain moderate growth and to achieve plant

surv i r"a l  of  36.  l '2  and 38.3 ' : i ,  respect ively.

Although D. heteroph'-llum and St.,-losanthes guianensis cv. Endeavour and Cook recorded larger

leaf  s izes ranging f rom 3.3.2.6 and 2.8 t imes more than the normal ,  they produced negl ig ib le y ie lds.

C. mucunoides and M . otropurpureum cv . Siratro deteriorated immediately after sward establish-

ment under cr i t ical  l ight  environment.
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