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NUTRIENT UPTAKE TMPROVEMENT OF FORAGE LEGUMES
BY ROCK PHOSPHATE FERTILIZATION AND ARBUSCULAR
MYCORRHIZAL FUNGI INOCULATION

D.R. Lukiwati 4 8. Hardjosoewignjo™ , Y. Fakuara'™ | L Anas™ ™, TR, Wiradarya™ & A Rambe ™

ATSTRACT

A zerics of etperimendy were carried put durdng 25 months
consisting of greenhouse and fiedd erperiments and laberndory
anpbvais.  Oentre {Cemrocema pabescens) and poere (Puerana
Praseofyidery were inoculated with arbuscolar myesrrlizel Fungi
(AMF) and without AMF and were fertilized with rock phosphate
(K} =t dosape o0 (), 1U4, 2401, 300 and 400 kg Pr0xha. Split in fime in
completely randumized dealgn (CRIY in three poplicales was used for
grecnhouse experiment and in completely randomized block design
(CRBDY} was wsed for Aeld experiment. The signilicund difference
amoag (reafinents was fesial using Doncan Mulfiple Range Teats
{DMRT). The resulls of greenhunse cxperiment showed (hat ¥ and P
upiake of piero were higher thun centro. Mitropen and P uplake of
mycorrhizal kegumes were higher than aom-mycerchical kegnmes.
Hock phoaphate fertillzation incressed N and T wptake of mycorrhizal
legumes mpprozimatcely 9, madd 22 tlmes than non-mycoerrhizal legumea
respectively. The result of ficld experiment showed that N snd P
optake of centro and puene fncreased after defoliafion. However, N
and P uptake of pucro were hipher than ceniro. Rock phosphate
Tertillzation tacreascd N and F uplake of legunes, Nitropen and P
uptake of legumes were nol significantly different for badh with or
without AMF inoculaiion

Kepwordy  ; Centrosemea pubescens, plingshur, moveorrthiza, Pugraria

pharareclsides

( janru (Centrosema  pwbescens) and  pucrg
(Pueraria phaseoloides) are imporant [omgc
legumes as protcin and mincral sources for

ruminant Tivestock in the tropics (Jones, 1990). However,

most of the lands that arc used for forage produciion
belong o the non productive lands charactérized by lack
of P contcnt and low soil pH,

The combination of persistent logumes and
superphosphate fertilization have been wsed wadely to
improve the pasture productivity. However, the high cost
of superphosphate fertilizer to be a limiting faclor for the
pasture productivity,  Rock pliosphate (RF) fenilization

i Faculty of Animal Science Diponepare University, Kampus Tembalang
Semarang
) Faculty of Anmimal Science Boger Agriculiural I..1||i'.lmsi1}-,. Bogar -
Indanesia
i Faculty of Fovestry Dogor Agriculiurel University, Bogor - Indonesia
= Faculty of Agrauliore Bogoe Apricultural Universily, Bogor -
Tadurimsia

LTy

Faculty of Watlwinalis and Scicnce Bopor Agricultural University,
Bugor - [ndon:sia

and arbyscular wwcorchizal fungi (AMFY inoculalion
becomw: a promissing twehnigue,

Centro and puers ate suitable host plant for AMF
culiwre (Lyukiwati & Supriyanto, 1993) and persistent in
non productive land (Latosolic soil) (Lukiwati ef al,
1994).  Rock phosplade  fartitization  increased  the
productivilty of mycorrhizal lepumes (Lukiwan er al,
1995} The constraint of mycarrhizal  technology
application iu forape crops is caused by limited
inforration on the role of AMF especially in the
production and nulritive value immprovement of [orage
crops in Indoncsia.

The objective ol the research is (o study the eilcot of
RP fentilizaticn and AMF inoculation on N and P uptake
of centro and puero.

MATERIALS AND METHODS

The experiments were carried out in the greenhonse
and in the field conditions, Sicrilized soil by gamma
irradiation was vsed lor preenhouse expenment,  Each
pat contained 4 kg air-dey weight soil ineculated with 50
Glomus sp sporz according to the assigned treatment.
Unsterilized soil was used for field experiment. Each plot
4 m x 3 m} was inoculated with 100 g of soil
inoculonyhole plant according to the assipned treatmeni
Rock phosphate and KCL Gertilizer (100 kg K,O/Ma) were
applied al the time of planting, Urea was added (50 kg
N/ha) at 3 weeks after planting for greenhouse and 4
weeks after planting for {ield experiment.

Split in lme in Completcly Randomized Design
{CED} for grecnhonse and in Completely Randomized
Block Design (CRED) for field experiment in three
replicales wers used and tested using Duncan’s Multiple
Range Test (DMET) by EAS program.  The main plots
conzisted of three combination treatments as follows (1)

“legume species (centro and puere), (23 AML” inoculation

{without and with AMF ingculation), (3 RP fertslizer (0,
100h, 200, 300 and 400 kg PO ha). .

The defoliation period was used  (wice for
grecnhouse and three times for [eld experiment. The
first defoliption  was conducted three months  aller
Planting and the next deloliation was condocted every two
months afier defoliation. Variable observed were Nand B
uptake of cenlre and puero.



RESIILTS ANT DISCUSSION

Grecnhouse Experiment

The N (Vable 1) and P uptake (Table 2) of
niveorthizal puerp were higher than that of maveordhieal
centdr.  Perloomance of growth and root goomelris {rool
number and distnbution in the soil) of cach specics was
differcnes and as well as the response to the reaiments
(Kerddge & Batchil, 1982 Lukiwat er of, 1994)
Greenbonse experiment was uscd gamma ray sterlized
soil, Usuully all of microorganisim arc dead at ganuna may
25400 kGy level (Alexander, 1964). Legume belongs (o
the magnolioid roois plant. Thereforc, their association
with AMFE will improved the growth and development of
feuine  plant  (Mosse, 19510 Nuinent  upiake
enhancement in mycorrhiz legumes is most likely dug to
the external fungal hyphae acting as an extension of the
oot sysiem.  External hyphae length prolong up to 7-10
mig soil (Allen ef af, 1992).  Accordingly, the
mycotrhizal legumes will absorb the nutdent from the soil
and will translocate the nutrient to the host oot more
efMicient {more extensive and beller disttibuted) than the
ton-myeorrhizal leguinc (Lindcrman, 15%12),
Mycorrhizal fungi usnally increase the growih of plant
solcly by enhancing nutrient uptake (Marschner & Dell,
1994).

Tuble 1. Nitrogen nptake at two period of defollation

Defiristion Pesyod
1 11
- AMF + AMF - AMF +AMF

......... gl IR il T
Lepume Speeies

Centro 517e 11L81b SETc  lo4ddb

Pucro 125 244 872 24 ¢ 11185 b
Rk Phospluate

a 32Pe 11307 ed LEle ER493 oda

100 1484 ¢ 125.74 od 12.14 ¢ 5024 de

0 1959 ¢ 127,10 ed 20.TE 2 144,63 he

. [vli] 1435 ¢ 210,24 b 25.86e 124.04 cd

- i) Iq4H e 30500 a 2653 e 1468 be

Means followed hy a coerenun Jeiter at sach treatiment arc ot significantly
dillerent at 5% level (DMRET)

Combination  of RP  ferilization  and  AME
inocpiation caused a higher the N (Table 17 and F uptake
{Table 2} than RP ferilization without AMF inoculation,
The nittogen and P uptake of mycorrhizal legumes were
higher than non-mycorrhizal ooe ar the same level of BP
fertilization. In this case, the cffect of AMF inoculanon
and RP inoculation was synergistic and increased M and P
uptake of mycoorhizal legumes approximately 9 and 22
times  morz  than  did  oaon-mycorrhizal  legumes
respoctively. Tregtments  combipation  of  AMF
inoculation and RP fenilization could incrzase plants
growih, cspecially if P mutrient is a major limiting factor
to the plant production {Dodd e af., 1 94)
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The nilragen (Fable 1) and P uptake (Table 2) of
mycarrhizal contro and puero dececascd al the second
defoliation while those of non-myearhizal was no
significant!y ailected by defoliation pediod.  Under these
condition ifiere is probdbiy compeiliion between ihe plang
and the fungus in plioosynthate ulilization for hast plant
regrowih and AME developmant,  The developaent of
AMF may normally be condrolled by photosynthate supply
from host plant (Azcon-Aquilar & Baga, 18994,

Table 2. Phosphorts uplake af fwo perded of defaliation
Defoliation Poriod
1 L]
- AMY i AMF = AMFE ~4MF
PR S AT NG S TR 1 . SR S A R
Logume Bpecics
Cemilro 0.0% ¢ 617 b 012e 5330
Tuero 055 ¢ 1292 a U4 - 77 h
Rock: Flusphite (kg Faaha)
3] 0o f 407 def [ERERE 329l
1840 DT 5.42 ode G291 3130l
a0 054 f T8l il 052 F T8 ed
Elil] [IET R 1231 h 050fF 1 ede
400 03rs 17.0da 034 f 282 be

Means followed by o conmipon Letler at each treatment sre qo significan by
different at 5% leve] {DAMET)

Field Experiment

The nilroren (Table 3) and P upatke {Table 43 of
pucto were highet than centro afier first and second
defoliation.  Performance of planl growth and root
poometric {root number. and disteibotion in the soil) of
cach plant spectes are different, as well as their responsc
10 the treatinents (Kerridpe & Batchill, 1982; Lukiwati «f
al., 1994). The nitrogen (Table 3) and P uptake {Tablc 4)
increased after Tirst and second defoliation. Cenire and
puera have stolon and thereby defoliation promoted now
stolon growth (Bogdan, 1977).  Defoliation promoted
vigetative regrowth of legume as shown in the N and P
uplike.

Tuble 3. Nitrogen uptube attliree peried of deToliation

Trzatments Detalizisn Peried

I i m_

B2 1 D A S
Lapurne Specics 3
Centro 1 d 257 Ioha
'uera i52e Kl 3ol
Rock Phasphale (Jog P2Ushu)
] 1.53g 208 of 3rTe
140 1.84 fig 256 dr 383 :d
2 1.95 = T de Jifie
g IR fi 18] e 47% L
400 1.7l g 341 od 457 &

Means Tullvwed by n comanon beiler at eacl drsatmaent are not § gnoioziiy
ditTercit at 3% fevel {DMET)



Table 4. Phospliorus uprake of three defolindicn peadod

Tacloizztive e

Treatment T m 107
r— r;'JrLJ............. ———
Laguine Sjpocies !
Cunviry DT e 0154 0.2% &
Taero D05 e 024z N33a
Rock Phosphata (ke Pa0hha) -
h] 006 F e % he
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Meuns followed by & common letier au each Lrealment are ool sipnificandly
cierent at 5% level (OMETY

The effect of BR fertilizadion was not significantly
increased the N and P uplake of forage leguines at the
first defoliation. That was because of the lepumes plant
were still at the initial growth, while BP belong to slow
available source of phosphorus.

Rock phosphorus fertilization increased the nitrogen
and plosphorus uptake of mycorrhizal legumes. However,
bath of mycorrhival and nom-myoorrhizal legumes
Showed a similar respons at fhe sume lzvel of RP
ferilization, Response to the AMF inoculation in the
field greatly varried (Powell, 1984) or no response (Lin &
Hae, 1991). This is becavse most of agricultural soils
already contain mycorrhizal fungi indigenous population.
Mycorrhizal inaculation will only be successful in the
field if low population and low elfectivily of indigenous
mycorrhizal fungl or depending wpon AMF inoculum
potential (Mitiku-TTabte & Fox, 1993),

Fizld experiment was carried out on the unsterilized
soil. A year before, cassava bhad been harvested from the
figld, since then the field was followed. Cassava planl
belong to mycorthizal-obligal ype. Cassava rhizosphere
could ingrease effectivity of indigenous-myconldzal fungi
(Potty, 1988; Sieverding, 1991). Spore iselation in the
beginning of field experiment, there was indigenous
population of AMF up to 496 spore/l00 g in the soil
sample, While a result of spore isolation of soil inoculum
we found some spores infocted by pathopen fungi that
could decreased the affectivity of AMF inocwlum (data not
prescoted).  Mycorrhizal spore conld be infocted by
pathogen fungi in the storage of soil inoculum (Bagyaraj,
1988). Legume roots in the ficld cxperiment could also
be infected by noa-mycorrhizal fungi.

The results lead to a recommendation al the
high potcmtial and efectivity of AMFE inoculem cumbined
with RP fomilizer can improve nolient uplake of foripe
legunes in the non-productive lands,
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