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PREFACE

R,bb« planca,io,, .ndu«T h- P'-r-1*
econon,y of the rubber growing regions of Irrd.a. Rubber
systems offer a substantial increase m land use effiaency, P
and generation ofaddit.onal income. A lot of screntrfic research has b»n
carried out on different aspects of inretcropp.ng tn rubber
and intetnatronal levels. The research and devebpment m s-"ter b «'”
farmmg systems have made it necessary to compilea b.bhogtaphic database
for the rntercsr of drfferenr stakeholders hke scientists, farmers, extension
personnel ere.

I'am extremely happy ro compliment all those who have worked hard
.n comp.l.ng the relevant informarion and .n br.ngmg out a publ.cat.on
of this excellent qual.ty, vi.. Rubber Based
Annotated Bibliography to commemorate the Golden Jubilee o ft
Rubber Research Institute of India.

N.M. MATHEW
Director






about the compilation

The comp,b.o, cons.s. ofrhr« secnonsv., BAliogrnphy K ~ord
- - - - ] - I
v,orker,s, etc. .ssoaated with rnbber based farmmg systems.

W e,.tegt.te.ultc Dt. N.M. Mathew, Dttectot, n

L ffof Agtonomv division and staffs of the libtat," at vat.otts stages o~ hc
pdat cn are gtateftdly acknowledged. That*ks are also dt. » M .
Create Minds, Kottayam for the destgn ot the cover and MU. Alo.s
Graphics. Kottayam for printing of this hibhography.
V.R. Sujatha
Kurian. K. Tliomas
Mercy Jose
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Rubber Based Farming Systems

Abaul Razak, M A and Bariian, R S R (2001)

Intercropping nwtan with rubber and othtr crops

supplementary crop only. With nitercr PP 6 The advantages and disadvantages
discusscd.

Keywords: Agroforestry; Cane; Rattan; Malaysia

Abraham, P D (1980)

increasing €amings o f smallholders wiih cacchcrops

Swm« 780}: 25-26.
Catcheroppingyoungrubberw ,thshort-.™

C™ AgAAA

bananahas been a common pract.ce among ™

in,gration of rnto

the smallholders.
Keywords: Batrana; Groundnut; Matze; Smallholding; Soyabean; Malaysia
Adrinal. T; Jamal and Ramlan.M F (2000)

Effect of intercropping system of immature rubber-banana-pineapple on so.l properties and
soil erosion: A preliminar>- observation

jHr>ialSligma,S(\):"S-5\-
Keywords: Ban;tua; Pineapple; Soil conservation; Soil property; Indonesia
Allen. EF (1955)

Cultivating other crops with rubbeo

Pknte ulktin, 16: 10-21. -

5 ::|3 :|5 —

Inforraatiou is given on culture, spacing, manuring, shading artd so

Ke>..ords: Ba,;ma; Derris; Fibre crop; Ftuit crop; Gambler; Kapok; Pineapple; Plantation
crop-. Sisah Malaysia



"e'nTiingSj-sta,,,

A»en. EF(J955)

Mixctf farminjj and inrcrcroppijit'

PiantrriBullfttn. 17;

T1.B arcicl. prc~nts an outline ofmixed ftrn.iog ,,,d inrercroppin”®. All rhc s«ten,, ,r s
cjrpin* n,~, depend on so,ne degree of mecha,,i®tion forpre-ptLin» cul iw

»7~.ng.nd han«r. Alld.«:ope™ ons would be«u,icrw,rl, LieL ,s ttl, w *

and possibly a combination of the rwo s*'stems mielu be easier cL ,»"

w.hn.bbe.mi.heverr.e™ ,.adop,”

KejnvorJs: Gingen Mixed firming; Pepper; Pigeon pe,; Malaysia

Alvim P de T; Lieberei. R; fei.dorlf, C and Machado, A D (199S)
Sustainable land use systems for the Amazon region
Bnill. pp. 208-220. “ -22 Nove,,bcr 1995, Brasili,,

N«ems capabicofcontnbutu.g to ti.e

lu f
dArving grrte t [erms
X ITmalrt"?2"m" n andsev Il
-=S=£==55 N~ ~
Considering the si® of th'e ‘@ 1;'A" ™y»re th.an by iocd "™ g
“fWyhatecooonncalyviX " n-iUionlcLt
"™ 8cment; Grassland; Qil pain,; Bn.,i|

'HORTCD 1989-204d /09)



Alvim, RaiiciNair, PKR (1986)

Combination oFuicao with other plantation crops: An agroforcitry system in South”st Bah,a,
Brazil

Agroforestry Systems, 4( 1}: 3" 15-

Various crop combinations involving cacao have recently been undertaken by rhe farmers with
encouraeement from Brazilian Bovernmenr. As a pan of the crop divers,f,cat,on programme
,n the traditional cacao growing areas of Brazil, extensive areas are being planted to other
plantat.cn crops, mainly clove and rubber and, to some extent, coconut. Crop combmarions
have been adopted in some of these new plantings and cacao isan important component ol
most ofsuch combinations. Whereas several other crops are corabined with dove trees, cacao
is usually the only species grown with mature rubber trees. Young rubber trres are, however,
interplanted with a number of other species. Productive coconut areas are found mostly ,n
sandy soils along the coast so that there is little intercropping. The paper presents some data
on the performance of some of the combinations involving cacao and other plantation crops
b;iscd on field survey, and discusscs the potentials and constraints ofextending the s>'stem ro
more areas in the region.

Keywords: Agrosilviculrural system; Cashew; Clove; Cocoa; Coconut; Farming system; Multiple
cropping; Baliia; Brazil

Alvini, II; Virgens A de C and De Araujo, A C (1989)

Agrosilviculture as the science of earning money from the soil: Anticipated recuperation and
remuneration of capital in establishing perennial tree crops

BoUtim Unmo Comissao Exmuivo do Plum dn lavourn CacauHra. 161: 36.

To reduce the period ofeconomic immaturity in rubber, oil pajin and cocoa plantations, each
crop was interplanred in rlie following way: rubber with Pueraria phastohidts. bananas or
Eutofe demcex, oil palm with M,u,ih«l «<cuhM , pineapples, Piprr mgn.mor GUricidiasipmm.
and cocoa w,rh bananas, Bactrisgasipoe! or P. mgrum. This method gave a more efficient use of
rhe land compared with monoculture ofeach mam crop.

Keywords: Banana; Cassava; Cocoa; Land utilization; Oil palm; Pepper, Pineapple; Brazil

(HORTCD 1989-2001/03)

Amiiiuddin, M (1992)
Incomc from harvesting trial of manau cane in rubber plancauon
RICBuUetin. 11(1); 2-3-

Briefdara arc presented from a seven-year-old (mature) planting of manau (Calamus manati)
near Selangor. Peninsular Malaysia.

Keywords: Economic aspect; Manau cane; Malaysia

(C:AB Abstracts 1995)



tairiuadin, M and Nut Sup.irdi. M N (1986)
hue.rroppingofm.an manau (& W < n.amn), with rubber (Hevea bra,ilkns,i)

PMimh.m-- 161-165.

Rotan oranau ma, m), sc«ilings were planted benveen rows of rubber (W™,
h”Uirmis) trees in a 1.4 lia plantation when the rubber was 13 years olJ. 1 he relative lighr
intensity (RLI) in the rubber plantiuion was 50 to 60% measured at midday. Survival of rotan
matrau at diree years after planting was 80,6%. The growth rates were variable. The mean
stem length was45.17 +32.15cm. The growth rate isencouraging compared to figures obtained
from trials in forest areas.

Kg'words; Growth; Lighr Inrensir>'; Rotan manau; Malaysia

Aminuddin, M; Nur Supardi, M N and Abdul Ghani, ) (1991)
Rattan growing under rubber in Peninsular Malaysia; Status, problems and prospects

Malaysian Forestry and Forest Products Research: Proceedings oj the Conjerence.
3-4 October 1990. Forest Research Institute of Malaysia, Malaysia, pp.79'86.

Ranan growing under rubber has been well received by smixliholders. Since 1986, a total of
more than 650 ha has been planted in Malaysia by varigfis agencies such as FELDA. RIJSDA.
RRIM/FRIM, PPK, KESEDAR and Forestry Department. Research thus far has shown that
rattan “w in g under rubber isfinancially a viable proposition. This has been observed through
\-arious trial plots under among diffcreut rubber clones. They showed no cffect on latex
production, no increased in fertilizer requirement and yet resulted in good cane productivity.
In esute system, the main problem encountered has been on seedling n\aintenance between
planting and developmentofclimbing apparatus ofthe rattan plant. This needs to be overcome
by an intensive extension programme. Assuming that these problems can be overcome and
that dw few remaining unanswered questions ai-e solved, rattan planting under rubber can
replace the resources that arc being depleted in the natural environment. Demand for rattan
will continue to existand increase with the anticipated price increase. If the plantation sector
can participate by going into large scale planting, then Malaysia can enjoy the privilege of
being a primary producer of rattan in the world.

Keywords: Planting technique-. Rattan; Malaysia
Ani Bin Aropc (1974)
Soyabean {Glycine Max I)\ Intercrop for the smallholders
Rubber R,m,ch Imnum ofMaUyna. Modfrm, Cammitm Ripon: 3; 49.
and details oftechniques for the inrroduction of
uw lur~n foTLtots™ ;ist,, T 0 “ foreign exchange by

immature rubber offers the quickest mix ° "= "«">"e Intercropping in

A oA
land. Soyabean aBngFs 0 meet the choice as an mtetcrop. In addition, it serves as an ii,port
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14,

15.

Keywords: Economic aspect; Smallholdii.

,Soy”n; Malays”

Ani Bin Arope (1975)
Maize {Zea Mays L.); An intercrop for smallholders

Rubbrr Remrch Imtituu ofMalaysia, Agricultural Report. I: 69.

source ofincome for the smallholders dunng the imrnamr.ry period

considerable foreif*n exchange by subsnrunng for import.

Keywords; Economic aspect; Land utilization; Maize; Smallholding; Malaysia

Anilkiimar, D and Jessy, M D (2005)
intercropping in immature rubber plantations; Indian experience

Progress anti Development of R M er Smallholders: Proceedings ofthe ANRPC Ninth
Seminar. 'm)-11November 2005, Cochin, India. pp.14-I5.

The present smdv analyzes the pattern of tntercropprng in the smallholdings and mpe o«
socio economic aspects and on the gro™rth of rtrbber. The sttldy was taken up ,n the five ma,or
rnbber*growing regions in Kerala, which is the traditional rubber growitjg state >nthe coun”
The study, svas co.!f..ted to plantations raised during 1995 and 1996, where

practised by smallgrosvers. For assessing the impaa of in.crcropp.ng on growth of rubber ailt®
Arrotro-ecortom ic aspects, data fromhold.ngswh.ch have ratsed rubberaspu,”

plots). I-he study has revealed that intercropping has helped in mcreasing the income level ot
farmers and banana was identified as the most popular crop. Reg.onwise

crop, has been obsers-ed. The paper discusses in detail the economics ofvarious mtercrops besides
analyzing the impact ofthe intercrops on growth ofrubber under d.ffirrentagro-d.matic condmons.

Keywrods: Agroclimate; Banana; Economic aspect; Smallholding; India

Anwar, C and Bacon, P 0 "S6)
Comp;irisono f ¢ ontro | bymanual, chemical, and mechanical mediods forsmallholder
rubber farming systems

Bioirop Special Publicalion, 24: 301-316.

In an area dominated by Imperata in S. .Sumatra, the land was clearcd by using 2 16 kg
glyphosate/ha, 11-1 kg dalapon followed by 7.4kg dalapon/ha or by traditional clcarmg



UpUnd r.cc was clen .trip-sown, clibbfc »wn or dead .mbbic cultirted and
ri"di«.sow.. Inasecond »p,rime,u on ar,l yellow podxol.c so.l, p ots were cleared by
curiine aod burning wirb hand hoeing, or by 2,2 kg glyphosatc/ha with iero ..liage, or by
2 " ke slvphu.atc/ha wirh minimum tillage ijr by rwo ploughmgs and rwo liarrowings.
Rubber planted four or six weeks after clearing and intercropped vvidi maize upUnd
rice groundnucs and Vigtu: tinguiaikui. The soil was analysed before and aiter land clearance.
From both experiments there was apparently no short-term difference betAveen mechanical
dearaiicc or minimum or zero tillage. In the second expenmeni there were no signihcant
effects on soil fertility and structure for the various treatments. The main advantage of
minimum and zero tillage was economic.

Key\vords: Farming system; Groundnut; Imperata cylhidrica; Maize; Smallholding; Upland
rice; Weed management; Bogor; Indonesia

(CAB Abstraas 1984/89 May)

Arayarungsarit, L; Cbongkid, B; Suwanbutr, S and Weerapat, P (1985)

Reaction of some upland rice to root-knot nematodes in rubber plantation fields
International Rice Research Newsletter, 10(4); 23-24.

Out ofeleven upland rice lines grown and selected for intercropping in a para rubber crop
in Thailand, three selections from 1R36/RD25 crosses showed resistance to Meliodogync spp.
Keyw'ords: Root-knot nematode; Upland rice: Thailand

(CAB Abstracts 1984-89/May)

Azwar, R; Sumarmadji; Haris. U and Basuki (1993)
Intercrops in smallholder rubber-based farming system
Indonesian Agricultural Research and DevelopmentJournal, 15(3); 45-51.

Various aspects of introducing permanent intercrops to develop sustainable rubber-based
cropping systems (RBCS) for Indonesian smallholders arc discussed. These includc: a
sustainiblc approach to the development of RBCS for smallholders; RBCS as a response to
ecological, economic and socio-institutional conditions; suitable intercrops for sustainable
RBCS: rehabihtation and replanting programmes; intercropping patterns; sequential
intercropping, dircct permanent intercropping, and mixed intercropping, h is indicated
t at sequentia intercropping is practiced under intensive replanting profirammes- Us
application .s limited to feriile soils and flat areas. Permanent intercropping is technically
-I'xtllitation proi,ramntes. Direct perm.me,ri, tercropping

suggested for remote areas where sequential intercropping is no, feasible. Permanent ‘med

fors'riSIbI'REK S "Hcrcrops

nased far,,ing
(ATA No0,9407.7, 1994)



19.

20.

21.

Bagnall, O H, Conroy, C, Fab, A, Gu”awan, A; Gouyon. A: Peno,. E; Lia.gsuflmsagon,
s- Nguyen, H D; Anwar. C and Garrity, D P (1997)
l,,,p,r,,a management .,ra,gi=s used in smallholder rnbbe,-based farming systems
Agroforestry Systems, 36{!-3)" 83-104.

cyliudnca is a serious problem for rhe smallholder rubber farmer in - - - f ~
Eafr Asia hr rhree respec.s: rhe high cos, (labour and/or cap,.all ofopen.ng
land, its compecirive effecr on rubber and annual intercjops, and the fire
during the dry se-ason as a major source of combustible material Fhis P“P "

precise nature of the tmperau ptoblem, with reference to some of the smallholder mbbe
Lsed farmmg systems within South EastAsia, thediffe«nt/»”~”".a control strategiescmreny

practised in these farming systems, and some of the constraints on ' - ' “pP'™ "

7 A s
L

recently recommended practices. It then proposes a 10-po.ntagenda for reseat®” on Imperm.
control, including two ways in which current research progjammes could be usefully
reorientated: first, the,' need to take greater account of smallholder

constraints; and second they should shift their emphasis from single-method to integrated
conrrol systems.

Keywords: Agroforestry, Economic aspect; Impa-am cylMrkar, Soil fertility; Weed management;
South Ease Asia

Biencowe, JW (1% 7)

Cocoa growing under rubber: The prospects

Procetdinp o fthe Symposmm on Cocoam d Coconuts in MaUiya, September 1967, Kuala Lumpur,
Malaysia, pp. 57-60.

Keywords: Cocoa; Malaysia

(RRIM Bibliography. 1927-1967)

Blcncowe,J\V(1989)
Organization and iniprovemeiu ofsmallholder production

h: Ruhber (Eds. C, C. Webster and W. ]. Baulkwill), Longman Scientific and Technical,
NewYork, pp. 510-513.

Chapter 12 includes a session of intercropping with details of the factors that influence the
choice of the intercrop. In Thailand, upland rice is the first choice intercrop lollowed by
groundnuts. Soyabean or niungbean are occasionally grown.

Keywords; Cassava; Groundnut; Smallholding; Soyabean; Sweet potato; Upland ricc; Thailand

Boutin, D; Penot, E and Ilahang (2000)
Rubber agroforestry system-type 3 (RAS-3): A strategy to convert Impmta grasslands

Pmctedinp o fthe Indonesum Ruhber Confirenc,cmdIRRD B Sympotium. 12-14 September 2000,
Bogor, Indonesia, pp. 266-273.

Lakng {ImperMa Cylindriai) is known to be the most noxious weed in the tropics .and a major
consrrauifrfor food and tree crop development. Chemical herbicides application and promoting



22.

23.

ihe«EabiisfimcnrofUgume Covers (LCC) arc die standard control oi'Jmpemta CylimInca in
escareplantacioi. dnd government projecti. These wec([ control methods arc roo expensive to
be widely adopted by farmers in scif-help developmenr. In SRAP (Smallholder Rubber Agro
foresrr)- Prolect} a difFerent approach for controlling hnperatn were tested, e.g. by shading,
through the association of various cover crops, shrubs and fast growing trees (FCrj') with
rubber. The system was called “Rubber Agro forestr}' System-type 3” (RAS 3). All experiments
vwre conductcd in smallholders’ fields with participatory approach. The association o f difFereni
species with rubber aims to assMs the ability of various plants to control Imperata and to
evaluate the impact of the association on rubber growth. LegumInious shrub like Flenungia
congesuiwis"onnA cfFective to control hnpemta. Rubber growth in RAS type-3 was comparable
to that grown with conditional technologies using Puemriaphaseohides 3 years after planting.
Fast Growing Trees (FGT) such ~ Acaciamanpwih Acacia crassicarpa, Paraseriauches fakataria,
GmeUyw arboTcaxA nor affect rubber growth until 42 months after planting. Floral composition
changed, in some plots, from Imperata to ChromoUena odorata and Melastorm aff'me. Acucia
mangium was the most efFctive trees to shade and limit Imperata growth. However, it coinpi-ted
rubber growdi 42 months after planting. Prunning and felling have to done to prevent j
significanteffecton rubber growth. Association between fast growing trees (FGT) with rubber
may reduce maintenance cost {Imperata control). However, the planting pattern ofassociation
between cree crops and rubber has to be adapted to a wider inter-row to enable to grov, various
timber pulp trees as rubber intcrcrops.

Keywords: Acacia mangmm\ Acacia crassicarpa; Agroforestry; Gmelina nrhoren; Parnsrrianthes
falcaiarta, Indonesia

Bovi, M LA; GodoyG.J; Nagai, Vand Cardoso, M (1990)

Planting dcnsiiy for palmito intercropped among rubber trees

Prstiuisa Agnflcwtria BnsiUim. 25(7); 1023-1029.

Fortj-year-old, rubber iHevea brmliensk) trees planted M 5 X 5 m were iniercroppetl with

Eu,..p. palms spaced at 1 X 1, 1.5 X 1,2 X 1,2 X 1,50r 2 X 2 ra. The paint crop was
and Tx , s T f r [ m 1033 Icg/haat2 L n,
ilitih a “ ft a « '-5 X 1 m. Among the vegetative characters studied, p.thii

X
prth at a hetghtot 130 cm was best correlated with prodttctivit,-.

Keywords: Cropping system; Palm; Planting density; Brazil

Brahraain, M (2002)

decreased the growth performa:icc and r | ~*"Sradual mcrcasc in shade progressively



24.

25.

26.

five of rubber (RRIM <,00) growth bur declined from » f t '
to closure of free cam,py. The decline in the per hectare puke yield from ~ 5 kg in the (
year to 552 kg in the fifth year wa., gradual but beyond th.s it was abrupt. P.geon pea can be
profitably grown as an intercrop in rubber for the L.rst hve years.

Ke)-words: Cajamu cajanifolm-, Wild pigeon pea; Orissa; India

Brahman, M; PiUai, SS Kand Pati, U K(1997)

Influence of rubber {Hevm hrasilKmis) tree shade on growth performance and seed yield of
pigeon pea {Cajanus cajan) intercrop

IndianJournal o fForestry, 20(2); 181-182.

In Orissa, India, the scope of pigeon peas as an intercrop in rubber plantations was studied
The effect of shade on the growth and seed output of pigeon pea was as.se«ed. A gradual
increase in shade progressively decreased the plant height, number of branches, number of
pods, seeds per plant, and grain yieid/ha. General growth parameters and pulse yield data of
pigeon pea were high in the first, second and third years of rubber (GT 1) growth, but were
abruptly reduced in the fourth year due to tree canopy closure. It isconcluded that pigeon pea
can be grown profitably in the inter-row spaces of rubber in the first three years.

Key\lvords; Pigeon pea; Shade; Orissa; India

Buranatham, W (2002)
Mixed firming system in rubber plantation for rubber smallholders in Thailand

PncieJingt ofthi IRRDB Join: Workhap m PUnt Breedmg. Agmmmy and Sxw - Economics.
28 August-6 September 2002, Indonesia, pp. 1-7.

Keywords.- Cassa™-a; Castor bean; Mixed forming; Pineapple; Smallholding; Sugar cane; Upland
rice; Vegetable; Thailand

Buraiiadiam, W; Kongsripun, S and Shugamnert, S (1992)

Rccent advances in multiple cropping with Hcvea in Southern Thailand

In: and Devflopment o fRubber Smallholder,: Proccfdinp o fthe Seminar. 1992, Kuala

l.umpur, Miilaysia, pp. 11.

Most of the rubber plantations in Thailand are smallholdings and spirad to 14 provinces in
the south which isabout 90 percent of the area. The smallholders can earn some income from
intercrops in the firsc 3 to 3 V, years ofimmature rubber and help in increasing the growth of
young rubber. Sometinies the rubber price is rather low, so that the income ofthe smallholders
from the plantation isnot enough for iheir living, multicropping in mature rubber plantations
isone ofthe sokition to support the smallholders for better living. Recent researches show that
suitable crops like cardamom, galangoi, jack fruit, iong-gong (Aglaia dookoo, Griff) and
some forest .species such as rattan. Experiments on mulcicropping with [>erenniai or shade
tolerant crops in mature rubber were earlier set up about 5 years and information on field,
management and cultural practices ofsome multicrops arc ;ilso discussed.

Keywords: Multiple cropping; Thailand



Bum natliam . \V: Wongsukon. Paiidjcwtmkool. P (1980)

Research on intercrops in rubber in Thailand

P n * andDrvflopmtnto fRubber Smallholden: Proceeding o fthe Fourth Seminar, 17-22 July
J980. Colombo. Sri Lank, pp. 121-126.

Tliis paper presents the activities on intercrops conducted by the Rubber Research Centre
(RRC) of Thailand. Small-scale variet}’ trials on Hawaiian Sugar E-1 sweet corn (50 700 cars
per heaarc). Shiny Green mung bean (1 562 kg per hectare), S. J. 2 soyabean, (1 562 kg per
hectare), local \-ariet\'groundnut (1 250 kg per hectare) Koe Muengluang upland ricc (! 488
kg per hectare) and DokPayom upland rice(l 544 kg per hectare). Large-scale intercropping
trials in areas planted with GT 1 clone revcal no significant differences in girth increment of
rubber due to interrow management. In areas planted with RRIM 600 clone, two of the
intcrcrops grown (sweet corn and upland rice, and mung bean and papaya) have in fact caused
significantly better growth of the trees. Agronomic studies ofnew crops such as pineapple, red
roselie. forage crops and cassava are being conducted. Ninety percent of smallholders who
intercrop usually do so with upland rice. It is the first crop planted after the old trees are felled.
Varietal trials of upland rice were conducted in 1973- 1980. Koo Muengluang {1 488 kg per
hecure) and Dok Payom (1 544 kg per hectare) are the recommended varieties. Further trials
are being conducted to select upland rice variedes for each province. Taking advantage of the
current high prices ofnatural rubber in the world market, Thailand has acceleratcd its rubber-
replanting programme. Old trees constitute halfof the total area under rubber (1.51 million
acres). Another quarter of the area has low yielding trees. Only about 15% is planted with
high-yielding rubber clones. Therefore, about 1.38 million hectares of rubber holdings in
Thailand are ready for replanting. Such substantial areas of immature rubber are suitable for
imercroppirig oj food or cash crops. Intercropping will not only help to improve the income
of the smallholders but also make a significant contribution towards the improvement of the
economy of the country and of the world production of natural rubber.

Kcwords; Dwsrfcastor; (iroundnut; SwKt corn; Upland ricc; Thailand

Cao Panrong, and Zhou Y, H (1997)

Allelopathy of ilic intercropping between rubber and tea
JoumdofTeaSdencr. 17(2): 193-195.

and seedling

Chandrasekera, I. B (1977)
Potential for ,ntercroppi,,g rubber lands in Sri Lanka

RM,rR,,rd, 12(1); 4 1.45,



Rubber B.isea I'arraing Systems

30.

31,

32,

The. cr.ps o.ly circle seeding as

X "ro?:r:rr:'S :;»s.n:rn
densities of the subsidiary cross ire discussed.

Keyv/ords: Banana; Cocoa; Coffee; Passion fruit; Sri Utilta

Chandrasekera, L B (1980)
Intercropping of rubber replanrmg in rl,e immature stages

17-'»2 July 1980, Colombo, Sn Unkfl, pp. 115-120.

describes'theplantingdensitiesandpl”ti,gcosrsofthese.nterctops.

Keywords; Banana; Coffee; Passion fruit; Pineapple; Plant,ng density; Sntallhold.ng; Sr,
Lanka

Cliandrasekera, L B (1984)
Intercropping replanrings during the immature period
Pr.r.edi,,,. of ,h.,,— nd Rubbe. Confire.c. 17-22 July 1984, Colombo, Sn Unka,
1(2); .189-393.

The paper de.scribes d,e details ofintercropping trials conducted on the

planting bananas.

Key”»ords; Banana; Coffee; Economic aspect; Passion fruit; Sri Unka

Chee.Y K (1974)
Intercropping with groundnuts and maize in rubber smallholdings

Proved,.1ISof,h, RRIM rlame.'Co,,frr.ncr. 18-20 July 1974, Kuala Lumpur. Malaysia, pp.
93-101.

«I-his paper discusses the information obtained from agronomic and «o,,om ic invest,gat,ons
on the intercropping of groundnuts and maize grown -n rotar.on for two se-asons in
smallholdings 0f0.2-0.8 ha. in Beran;tnd. Selangor in 1971 and 1972.

Keywords; Economic.aspect; Groundnut; Maize; Seed quality; Smallholding; Yield; Selangor;
Malaysia



Chee, VK (1976)
InceR-roppingofannu.il crops in rubber smaliholtiing

RRIM Rffrcsher Count on Rubber Planung and Nursery Techniques, 12-17 July 1976, Rubber
Research Inscicucc o f Mala)'sia, Kuala Lumpur, pp. 178'] 81.

Intercropping is pracriced in smalllioidings co supplement tlieir income during the immature
period of rubber. Selected intercropping on replanted and newiy planted areas with short term
crops such as groundnut and maize under proper management will benefit the growrli of the
rubber rrecs because of better maintenance in the holding. The important agronomical factors
influencing the success of intercropping are land suitabilit)', spacing and direction of rubber
row, plantuig season, seed quality, labour and ferm machinet)".

Keywords: Groundnut; Family labour; Maize; Seed quality; Smaliiiolding; Malaysia

Chee.VK(I1976)
Perfromance of RRIM and foreign varieties o f maize and groundnuts
NatiojtalPhut Propagation Symposium. 19-21 July 1976, Kuala Lumpur, Malaysia, pp. 71-82,

High yieiding varieties of maize and groundnut seeds introduced and developed by the Rubber
Research Institute of Malaysia (RRIM) for intercropping are compared. The need for
propogating high yielding varieties of these two crops for the use of formers in Malaysia is
emphasized.

Keyvmords: Groundnut; Maize; Malaysia
CKen. H (1990)

Impam ofinrercropping rattan In rubber stands on the growth of rubber trees
Tropical Crops Researches. 39(1); 18-22,
K (Mords: Grow'th; Rattan

ow f " °i Dowling. A J, Nair, P K R and Latr, C R

AgrofotBtt,. in tlu- marvagement ofsloping lands in Asia and the Pacific
Airofiratry Sytiems, 38(1-3): 121-137.

beenwidelrrS" a ™ FEATEATN B B SEANEA
IFESLM, hasb,,,, tJed ins"pl:W rh'p S M a n a g e m e n t
mmist be productive, stable, viable, and acceptabk'to » '~d management

-sonrces. l-.rms on which contou7hXt w
multifaceted requirements of FESLM wh’'L T “f N
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sustainability OfVarI(lBagrofor’\lrysystW for

8 d,
loss from sloping lands due to water Lo wlisize Ithutne shrubs. IrMt
u,predktable, and possibly not Jprovitle usel.! economic returns, bu,
treL, coffee (C # . W-) or rubber because grass or pineapple W « « -
ate not an essential component ,n '= ™ [ educing erosion. Agr.cukural
wiw««<) planter! on the contour ,f .bove-ground biomass, dechn.ng
intensification will lead to nutt.ent »sed; nitrogen can be
yields, and less soil protection unless ext hedgerow trees and shrubs may prov.de
effectively supplied usmg n f" ~ fo,ds to purchase external inputs such as
an tncentive for rhe.r adopt,on by n complex agro forestry systems.
fertdikKts. Ubourmaybeamaiotconstra requited to manite and utiliK
Also discussed are d.e information iLgenous data being accumulated. It s
effectively the extensive sets of

r*hnology transfer across and between
“lndtm t™ —

1ZI1tI'-Agroforestry. Coffee, Pineapple-, Soil management. Slopmg land-. Sustainability-,
Thailand
C.utl.a,RLM Da-.Pmheiro,FSVandViegas,RMF(1989)

Rubber and black pepper intercropping

financial analysis ofgtowdi and yield data Ig lining 667 to 889 black pepper plants/
immature period of the rubber clone IAN 717.
Keywords: Economic aspect; Peppef, I’lantmg density; Brazil

(HORTCD 1989-2001/03)

De Oliveira, C R M; Soates, A M; Oliveira, L E M, De Castro, E M and Barbosa,

Ckncia t Agntiaiohgin. 28(2): 350-357.

A study was conducted during 2000-01 in Lavt”

effeci of cropping system (single cropping and intercropping) R



Riibbur Based Farming Swu-m.,

jfiaronjital characrcfisfics of rubber tree (/. brnsiliensis) and coffee (C. arabica) in the
beginning of the cultivarion period. The cropping sysrem had no effect on rubber rrcc
In genera], the cropping sysrein did not affect the coffee leafstructure.

Keywords; Co?Fec; Cropping system; Leafanatomy; Brazil

(CAB Abstracts 2005y01-3005/09)

De Vries, D (1974)
First approximjrion ofpotcntiai incomes from intercropping for rubber smallholders

Seminar on the Agriculture Sector in the Development o fSouth Thaihmd. 8-12 fuly 1974
Hat Yai, Thailand.

U e paper tries ro determine an optiinum allocation ofsmallholders, resources to iTiiiximize
tlleiriiicomes through intercropping, using linear programming techniques. Details and results
fT 'Lt requitements of labour for ail agricukural operations, seeds
Iwrbictdes fertilizers and the estimated yieldsand curnint marker prices of intercrops like upland
rtce, meet corn sw t potato, water melon and soyabean. Ir is concluded that intercropping
“pbntingirm present value of investment in replanting and reduce’s

S.eet potato; Water

(BPPM Abst. Bibliography of Hei,ea rubber 1975-1976)

DeZoysa, EBA(1993)

Intercropping tea with rubber

Tea Bulletin, 13:9-13.

Keywords; T a; Sri Lanka

(Cited byjayasuriya, K E and Wettasinghe, D Z.)

Dey, S K; Pal, T K and Singh, R ,S(2004)

7 ' -der diflPerenr plantation crops in Mizoram

W-26 Febrtiaty. 2004, Nagdand

a,d Soils util ir ! P““ P"°rous, potassium,

-.rit,on; Soil prope,t>,M ., ranv, India
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Dcy. S K; Choudliury, M; Ray, S and Nazecr. M A (2005)
Inccrempping of rca in die immature stage of rubber in Tripura: A prelinnnary report

bmrmm m I NaturalRubber Confermce India 2005: Pr,pr,,m o f Paper,. 6-8 November 200°S,
Cochin. India, pp. 201-204.

A preliminary investigation ofthe feasibility on intercropping of tea with rubberwasattem pt*
within tlie agroclirnatic conditions ofl'ripura. Four rubber cloncs viz. RRIM 600. RRII 105,
(;i*1and PB 235 were planted in a stand 0f450 plants/ha in four row bands aligned in the
North West-Sourh Ea~t direction during the year 1997. However, tea was planted asan intercrop
in the subsequent vcar. Rubber was planted in bands at a spacingof4.0m x3-7 m witb distanc«
between the bands at 7.4m. Four tea rows were planted between the bands at spacing ofl m X
0.7m. No differences in growth were noticed in the immature phase of clones in this
incercropping system. O f the total area planted, tea comprised of 25% of the land and 75%
was under rubber. Generally the maximum, teayield was recorded during the months ofJune
and July. Annual average over four years of green tea leaves yield was 945 kg/ha. However, the
long-t.Arm performance of tea as an intercrop wirh main crop yield of rubber are yet to be
evaluated.

Keywords: Agroclimate; Feasibility study; Tea; Tripura; India

Dillon, HS {1983)
A social and economic assessment of the Norrh Sumatra smallholder development project
Dissertiition Absp-iicts Innrnactonal. 44(6): 1866.

The study assesses the economic and social implications of the North Sumatra Smallholder
Developmefu Project, an intcnsive-manageinentofhigh-inputeffortwhich has provided land,
liigh-yiclding varieties, credit ai\d extension to help participating households establish individual
2 ha rubber holdings. The experience gained from this pilot projcct may be used to formulate
a viable smallholder rubber development policv' for Indonesia. The projects economic efficiency
and mipact at the household and regional levels are evaluated. Data were coliccted from
participants in 1979. Analysis ofhousehold labour allocation revealed that families participating
in the proiect experienced considerable stress between 3 and 5 years after rubber tree planting.
Rice and vegetables could be intercropped with the rubber saplings only during the first 3
years. Thereafter the tree canopy sluided the ground too much for household food crops to
grtiw; but it look an additional 18 months before the rubber trees could be tapped to generate
income. Households that owned additional land used it to produce rice and other food, and
fated well. Those with only the 2 ha allotment faced an intense family labour demand that
interfered with education. In these families, the head o fhousehold worked on nearby plantations
ro earn the highest wages, while spouse and older children worked long hours to complete the
cultivation required for good growth ofthe young rubber trees, and younger children assumed
household duties. Households with few children found it impossible to maintain rubber trees
properly; trees rook longer to produce, and yields were lower.

Keywords; Agricultural development; Case study; Economic aspect; Rice; Rural development;
Socioeconomics; Smallholding; Vegetable; Sumatra; Indonesia

rwnR'iY'-n io7A.iore



liubber n.iscd I-artmnp .jysronii

s M- Noar A; Suri»n>valu Suiurdi and I larcono. A (19JR)

1998, BanjafUaru. Indonesia, pp-- - '

K., ~oris: Dry fir,.,ng; Food c«p; R .bb- ba,.d 6r.,i,g sy.e,. Indones.a

(AGRIS J999-2002/09)

Edward. D G. Sharifaddio, HAH, Mohd Vu»f, M N. Grundon. N J.  Shamshuddin,
J anJ Norhayati. M (1991)
The manascmeoc of soil acidity for sustainabl. crop production.

W ., " of<heS,c,ul Sjmfc.ium on Han, Sail I,,t.r,cuar. atLo,opH. 24-
29 June 1990. Beckky. USA, pp. 38.3-396.

The Australian Centre for International Agricultural Rcsea,xh funded a fottry-'P™ i<=«

develop sustainable food crop production systems on acid, low feml.ty soils. Field trials
were started in 1986 at four sites in Malaysia to evaluate crop responses to amelioration of
acidit,. in three Ultisols and one Oxisol and to relate the responses to solid and solution
pha”e soil chemistry. Ground magnesian limestone (GML) was applied at rates up to 8 t/ha.
The University Pcrtanian Malaysia (UPM) trials involved rotation cropping of groundnut
and swcetcorn with two crops per year. The Rubber Research Institute of Malaysia (RRIM)
trials involved groundnut and maize (swcetcorn and ground corn), intercropped with young
rubber trees for 2-3 years before canopy closure. Initial applications of 4 and 8 t/ha were
effccrive after three >Mars in the UPM trials. Yield responses of all crops occurred up to the
maximal rare of 2 t/ha in the RRIM trials. Rubber tree growth benefittcd from che
intercropping and earlier commercial tapping was possible. Application ofGM L to groundnut
and swcetcorn was economically viable.

Kcyv»'ords: Cropping system; Groundnut; Maize; Soil property. Sustainability; Sweet corn;
Malaysia

(HORTCO 1989-2001/03)

Enjalric, F and Assoumou, H G N (1998)
Rubber growing in Gabon
Plantations Recherche Developpemeni, 5(5): 325-332.

W hilst the first rubber trees were planted in Gabon, during che Second W<irld War, rubber
growing did not really begin to develop until the early 1980s. The most favourable production
areasare in the North ofthe country. The main obstacles to rubber development arc the lack
of family labour and the relatively long immature period of rubber trees. An overall approach
including intercropping should help to overcome these constraints. Intercropping with rubber
means developing crop management se<)uenc« for food crops likely to contribute to rubber
tree upkeep and provide the planters with an income until the trees m.uure.

Keywords-. Cropping system; Family labour; Plantation crop; Rural develop,nenr; Gabon
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E..ialric,F-,Ngiiema,JiHugot,N and Chan Ho Tong, S (1999)

hmuU,mi> and food inrercrops: A developm.n.-orient.d cropping system ,n Gabon
Plantations. Recherche. Developpernent, 6U): 10-11.

hraM~nA is a perennial spec.« chat is capped as of approxcma.ely

nlancine to provide a steady sonr« of incon.c. Including food crops m the ™tt'“row
Lnng the in,n.ature stages ofthe trees isa means of provid.ng smallholders ,,,th ad,"K.o0,al
.ncome and some degree of food self-sufficency. It is a determ,,mg factor to the
establishment of rubber as a new crop in Gabon. The experimeot work done smce 1987
m northern Gabon by the Technical Support Centre or

resulted ,n a range of crop management sequences for .mptov.ng *e productv.ry of
traditional holdings. Intercropping w.th food crops has a pos.t.ve effect on rubber t.ee
growth. The rice/ groundnut rotation gives satisfactory results, but it is plantain tha
generates che highest income. Over and above the economic advantages, it [ I
L understand the relations bets.-een the plants so as to propose the bestcrop combinations.

Keywords: Cassava; Economic aspect; Food crop; Groundnut; Maize; Plantain; Rice;
Socioeconomics; Gabon

Esdibach,] M (199S)
European Union Research Proiects; //ei>M-bascd farming systems

m /JB Svnpouum an Farming Syucm AspcCs ofth, Cul,v<,,io,, afNatural Rubber (Hevru
brmliemis). 6 November 1996, Beruwela, Sri Lanka, pp. 96-99.

The European Union has been funding scientific and technological research since 1982.
particularly in the agricultural field, in support of economic and social development ,n
developing countries a research project is currently studying the functioning of

based Lming systems. The aim of the project is to study the phenomena involved in

competition for water, light and nutrients within the functioning

incetcroppmg systems combining with annual food crops, so as to identify che

limiting factors and consequently optimize growth and yields in these farming systems.

Keywords; Economic aspect; Food crop; Rubber based Farming system

Esekhade, TU (1997)

Cooking banana is a promising perennial intercrop with rubber braiilifmh)

MnsAfricd. 11(14).

Asole crop of rubber saplings was planted #t Akwete, Nigeria and allowed to establish for
18 months. This plot was then intercropped with cooking bananas (ai. Cadab.l) planted
at 4 densities between the rubber saplings; 6.7 x 3.4. 4,0 x 2.0, ;50 x 3.0 or 2.0 x 2.0 m.
The control treatment consisted of a sole crop of rubber. FertillYers were applied as
appropriate for the rubber saplings and the banan.is were mulched with
phastolotdti. During the first two years of cropping, the growth of the rubber plants did
not differ between the cooking b,nnan.t treatments. In the most dense planting, banana



v - sy, rhe first ci‘clt and 9.0 kp, in tiu- ratoon crop. Tlw bananas crnp
Atirin,«iv.;..r,cl,nu.c ior rubber .apbne powrh.

KfTO-ords: Banana: Nigeria
(HOA No.I0OTS, I'»7.)

fceklude, T U and Oiiekpon. F id '>)7)
Effects and cconontic vtabilir,. of intercropping cool®ing banana w,tb rubber tn Niger,a
Rubber Kmarck 10(1/2): 91-96.

Smd,« on the effets of intercmppu.g cooking banana cv ¢ M |, on tite gmwrb ot rubber

saplings were carrie<| out from 1993 to 1996 at Akwere Ntgerta. B:,na,,
was .ntercropped IS months after planting rubber and four spacngs were mcorporated. No
.adverseelfct ofintcrctopptng was noticed on the growth ofH ,v,a saphngs. The rubber + 4x2
m and 2x2 m spacings for cooking b-inaiia. had rhe highesr girth increase rate wich 0.23 and
0.22 cm per month. The highest mean cadaba bunch yield and production ofsuckcrs. ot 9.0
t per ha and 3833 suckers pet annum tespecdvely, were observed in the rubber + 2x2 m
spacing for cooking banana. This treatment also gave net present value of $ 1321.3!, a
proficabiiin- index of 2.59 and internal race of return of 50 per cent. The 2x2 m banana
spacing %vs the only treatment that had die capacit}' to optimize returns from the land and
ensure cash flow into the rubber based forming business thereby improving the liquidity position
of the svstem during rhe long gesration periotl.

Kev-words: Banana-, Economic aspect; Rubber based farming system; Nigeria

1.Esckhade, T U; Ugwa, 1K and Aigbekaen, E O (1996)

Suitability and economic viability of intercropping in rubber on acid sandy soil of Southern
Nigeria

IntiianJounw lofNniuritlIRubber Research, 9(!): 36-39.

Results from field experiments on intercropping ofcassava, cowpea and melon with rubber in
sandy .acidic (4.0-4.6pH) soil at Akwete Abia State, Nigeria showed that there was adverse-
efFecron the girth and height of rubber plants. Tlic rare of girth increase for rubber was from
0.19 to 0.21 cm/month. The nitrogen contents of ihe soils increased after intercroppin};. Tlk-
rubber + cassava combination gave the highest yield of 6.5 t/ha and a net present value of
2,431 naira and an mternal rate of return of 29 per cent, followed by the rubber i ca.ssava +
cowpea + melon combination with ayield of3.8 t/ha. anet present value of 816 uaira and .in
mternal rate of return of 29 per cent.

Kcj-words: Cassava', Cowpea; Economic aspect; Melon; Soil property; Nigeria

Esekhade, T I1; Ojiekpon, E I and Ugv,a, 1K (1999)

Weed management studies in rubber intetcropped with cooking
banana in Southern Nigeria

MimJoumnuU fNaturalR,M,rRc,,anh. 12(1/2): 103-107.

i AN® QAN "o
plantatiomin®NgjJbTI ”"ufTu mir«dardevelopingasuitableweednianagcmeiltsrraveg)-
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under rubber plantations with cooking Si~j/nuary toAugust
.. th. Rtrbber Re«rch u A 1 -, spraying glufosi,a,,
cooking bananadried leaf
j intcrrows and an integrated weed
JP:X X *.cide,rea.tnentus”
mulching with CDBLM on the
Chrom«Luunaod«n,tn.A<ompu”
e ... T t., cover crops in rubber plantatigns like
8 r <,1p.Alvhommwrd,felmAniAm hocl,&tah ' COVT CTOPS in rubber p 'gns 1

1995. Th= treatments were manual weeding w
ammonium (Basra 15) herbicide ar “p"
mulch (CBDLM) to cover the

managem ent,nvolvmgslashing withcutirr”
ai per ha glufi>sinate ammonium

pjieniria phaseohdes. Centrosema pubscens an rhestuclv In the rubber+ cooking
were not componeners ofthe AV Jrlpp~c” proved to be the

I'T o ::X riT r all'rXplore the synergystic effect of optimum

factor
combination.

Keywords; Banana; Weed management; Nigeria

Eseklrade. T U; Otimoloye, ] R; Ugwa, 1 K and Idoko, S O (2003)
Potentials of multiple cropping systems in young rubber plantations
JounmUfSusuinahhAgriculMre.12{A)-.T)-")">. Lo r
A two-year study was conducted at the Rubber

1988-99, to evaluare the agronomjc The «.perimentinvolved
ui the vast inter rows ofyoung rubber (H cowpea sovabean, melon, maize and

respectively, in the 1998 and 1999 seasons.
Ke>ivords: Economic aspect; Maize; Melon; Soyabean; Nigeria
Esekhade, TU;Okore,IK;0geh,J and Idoko. SO (2005)

Effec. of fertilizer and mulch on the growth and yield of intercropped rubber/cooking banana
and soil properties

jmirmlcfSusmwMe Agricuimrf.md ,I,r Ermrcmm,. 7(1); 26-39.
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In the initial four >-cars croppitlg systems clfect on rubber stem girth was nor signifia,,
Howtvct. the application of fertilizer* mulch improved rubber stem girth by 73% relati,,
to the conrrol. Similarly, the combinetl application of fertilizer anti mulch gave hig|,,
bananayield. Consequently, intercropping ofrubber with cooking banana and combinetl
application of fertiliier and mulch is suitable for soil fertility maintenance and crop
growth jnd yield in the acid sand of southern Nigeria.

Keywords: Cropping system; Mulch; Soil property; Yield; Nigeria

(« B Abstracts 2005/01-2005/09)

Eugene, Alcala A (2000)

Developmejn of sustainable rubber-based farming system for smallbolders in the
Philippines

Proceedings o fIndonesian Rubber Conference and IRRDB Symposium, 12-14 Septetnbtr
2000, Bogor, Indonesia.

Keywords: Rubber based farming system; SmaHholding; Philippines

FAO (1975)
Pnimmary bibliography ofinureropping in rubber and oil palm
FAO, Regional office, Indonesia, No. 12. 27p.

This bibliography presents a list of crops that can be grown as intcrcrops in rubber and
oil palm in Indonesia, Thailand and Malaysia.

Keywords; Oil palm; Bibliography; Indonesia; Malaysia; Thailand
Feng, Y Z; Wang, H L; Long, Y M and Zhang, J H (1982)

betficLffr'"fT R R croJ) plants, and
benefical effects of these communities on light tntensity, soil ferrii.ty and soil moisture

Botany

shading during the growing period ‘“t7<Z W™ «>nic degree of
trees improved the qualirv anri oA n >Jnder the shade of rubber

use ofthe available .unlight. MultiisTore® P'-'Anructs and made beitc-r
moisture conditions in nan. nf i PP'“"““""n'unirics can also improve soil
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Feng, Y ZiW .ng.H L~ Zhang,] H. Zhang. KY; Ma.WJ and Long,YM (1982)
Experimental and ecological smdies on a mi.=d rubber and tea plantation

ActaBoia}ncaSinica,lA{2)\\M ‘M "-

m whereas with monoculture the upper hiirn for rubber is 800 m.
Keywords; Ecology; Stimulant plant; Tea; China

(HORTCD 1973-1988)

Furia. L R R (2000)

Ecological interacions between maize and rubber tree W e ... brasilUrub) crops ,n
an agroforescry s>'stem

EscolaSupmor dc Agrimllum Urn d, Queiroz. Piracicaba, Brazil,

Ke>-words; Agroforestry, Maize; Brazil

(AGRIS 1999-2002/12)

Garot, A (1958)

Rice as a catch crop on a newly planted rubber estate at Tjikurapaj

Meiuira Perkebunan. 27:123-127.

In an experiment young rubber and rice are growing well together, the rubber "homing 40-
60% better growth and coming ,n to tapping halt to one year ea,her than P"*

done which are notbeing intercropped. The rice crop more than paid for the con ofcultition.
Keyv.-orcls: Economic aspcct; Rice

(BPPM. Abstract Bibliography of Hevea rubber: V 2, 1970.)

Giriappa, S (,1995)
PUM,m,, ,ammy in India. M D Publications Pvt Ltd, New Delhi, India, 151 p.

-l-h;s book analyses growth trends in area, production and yields of maior planation crops in
India since the 1960s and examines the problems and proS|«cts ol cnitivation of coffee, cocoa,
rubber, black pepper (ft>e. ,,ignt>r)) and cardamom m various regionsofK arnat.*Z ffZnrr
Cotfee cultivation is assessed in major coffee growing districts of kamataka. The difference
bet..veen small and large growers is somewhat marginal in araWnrco fe performance, but on
the whole large growers are mote successful. Ctihivation of intercrops has enabled powers to
achieve better returns. The larger holdings have a better cost-beireht ratio. Cocoa has been a
promising intercrop in arecanut plantations, as have black pepper and cardamom. The
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fwformjnfc of tliese crops is e\;iiuafL-d. Rubber is a fasc emerging planration crop which Iu*
1 promising future. It is iniporinnt tlut planrarion crops become more cxporr-orienred and
compctiti\f glt>ba]ly by iiiMm of teclinical progress, increased productivity and quality

Kn-wofds.: A}»roforcstr)” Ecnnomit aspect; I’lanrarion crop; India

(HORTCn 1989-2001/03)

Godon, P and Ngu>"n, G Q (i 997)
Rubber and cashrv.- ijuetcropping systems

Agriculiure et Devebppemetit. 6( 15): 169" 174.
The current changes in the economic and administrative situation favour the dcveiopment of
tree crops and. in turn, intercropping systems. On traditionaily cultivated red soils, correcting
alurainimum  toxicity increases yields considerably. However, increasing soi! tillage gives
negligible net yield benefits compared to traditional cultivation techniques. On the under
graded red soils of the plateau, chisel cultivation is very productive. Good levels o f natural soil
ferriiity are boosted by large applications of thermo phosphate. On sloping degraded soils
directdrilling leads to an efficient useofmanureby rain fed rice. The first fertilizer application
tested restored soil fertility to these soils, These proposals will optimize the production of
intercrops, They will contnbute to successftil rubber, cashew, and coffee production in village
plantations. Combining cash crops and food crops will aid dcveiopment.

Ke>-words: Cashew; Coffee; Soil property; Vietnam

Gohain. T, Meti, S; Pui,™ose. K I; Naz«r, M A a,.d Chwdhuri. D (2002)

- ™ 'MeeR«earchlmr,me.Karn«aK India, pp. 40f>409.

) PR
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.fer.,,cc @m ,kipl.-cropping.uai.3 ,n

Keywords: Abaca; Economic aspect; Multiple cropp.ng’, Rice; Spices, Trop.cal fru.t;
Philippines

(HORTCD 1973-1988)

Grist, P and Menz. K (1995)

Modelling the economics of Impfrua control in smallholder rubber plantations

Paper No 5, Centre for Resource and Environmental Studies, Canberra, Australia, . p.

A version of the BEAM rubber agroforestty model (RRYIELD, developed at n
ofWales, Bangor, UK), modified for use by smallholders ,n Indonesia,

the interaction between Imperata and rubber, is used ” , “ 7,
rubber in erassland regions infested with Impemta cylmdnca. In this series, the raoael
demonstrated a significant shading impact of rubber on Imperam. both in “
economic terms. The effect of shade in controlling Impcrau »iis profitably augmented y
increasing the planting densit)- of the rubber trees from 400 to 600-800 stems/ha. Thet
was little difference in profitabilit)’at these high densities, and the results were applicable
the low intensity management conditions faced by smallho ders. In this P>P"-

of improved rubber planting material (faster growing clones) ,s'« "' "1 7

of control bv shading. Other options considered to augment the shadmg potair®J
of rubber (by promoting rubber tree growth) are intercropping and

economic an.tlysis is made of the hnperatn control treatments, of which

number of possible combinations, especially when the timing dimension ofeach is “ 'm~"7eret .
The analysis is restrieied to options that are likely to be feasible relative to currem practices,
and those that looked promising on the basis of an exploratory analysis using the model.

Keywords; Agroloresrr,-; Economic aspect; Imp”M cylmdnca: Weed mam”ement; Yield;
lu(jonesi:\

(HdRTCD 1989-2Q01/0.il

Grist, P; Menz, K and Thomas (199S)
.Modified version of the BEAM rubber .igroforestry model; .Smallholders in Indonesia

hnprovwiSmallholJrr Far,,u,,g Symrm m ImpfrM Arial ofSouths Alia-. Imprrala
nJprr. No. 3, Ceiiire for Resource and Environmental Studies , Australian National Univeisity,
Ciinberra, ,A.uscralia. 28 p.

I'ne RRYIELD model is one of a series of bioecoiiomic models developed as part of the
BEAM Project a. the University College of Wales. Bangor, UK. It is rubber-b.ased model
involving a number of bioclimatic, ropt.graphical and silvicultural variables® Commot ilies
from it include latex, wood, and intercropped annu.il and perennial crops. 1he RKY ILLIJ
model is Imketl to the economic model RRECON. and the two models together are designed
@be used as an extension tool for farmers on the viability of rubIKt intercropping systems.
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™d assesses tilt major lunctions and interactions in tlie originnl RRYIEL.D
I K r ,ue. and n»king changes » reflect condir.ons facing s..am.,.d,,
ZduceB in hdonesta on cylMr.cn infested grasslands. The tunct.on.ne nt th.
RRfCON model is also addressed,

Kei-words: Agroforestir; Cropping system; Economic aspect; Imferau cylindrica, Indonesia

(CAB Abstracts 1996-1)98/07)

Grist, P; Mem, Kand Thomas (1998)
Modified BEAM rubber agroforestry models; RRYIELD and RRECON
ACIAR Tei-hnkal Reports Series. No. 42.

This paper detaDs changes to rhe BEAM models RRYIELD and RRECON, which arc two
of a scries ofbio economic models developed by the Bioeconomic Agroforestr) Modelling;
(BEAM) projcct based at the School of Agricultural and Forestry Sciences at the UniverMry
of Wales, Bangor. UK. The RRYIELD j-nodel deals with the biophysical components ofa
rubber based a“rofbrestry system, focusing on changes in output (hitcx, wood and
intercropped annual and perennial crops) in response to anumber ofbioclimatic, topographic
and silvicultural variables, Outputs are mcasued annually over the life of rhc plantation.
The RRMELD model is linked to an economic model. RRECON. which is used to determine
©CONOMIC returns from a rubber plantation. The two models are designed to ke* used in
combination as an extension and research tool to supply farmers or researchers with
information ON the viability ofalternative rubber intercropping systems. The work reported
here was carried out as pan of the project‘Improving smallholder fnrmingsy.stcms in fmpeniui
arcasofSoutheast Asia- abioeconomic approach’, based at the Australian National Un iversit®.
The original model was developed for large estates and government plantations and, tiierefore,
embodied high le\'c!s of management. The changes outlined here aimed to make rhe model
more applicable to smallholders in Imperata infested areas on SIE Asia, especially Indciiie.sia.
Kc)Words; Agroforestry; Cropping systeni; Economic aspect; Imperntu cyltt)dricu\ NXVcii
management; Indonesia

(CAB Abstracts 1996-1998/07)

Guha, M iM; Nd Kwi and Soong Ngin (1969)
Suitability and prospects of rubber-grooving ,,ib for intercropping

Proccdmg, afCrap Dmcnifical'wn in Mahysm Confcrma. 1969,Ktiala Lumpur, Mal.iysi.i-
Keywords; Soil property, Malaysia

(Cited by Mohd Yusoff, M N « ai))
Guotai. Bu (1984)

An Investigation inro the effects of inrercropping pineapple  .ubber plantations
Ircp,c.ltrep,Scim,,m,ITechmL,gy,i, 57.58.

Kn'words; Pineapple

(Cited by Lin, W. etal.)
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r). Harids 8 A Soigdith 0 ™ ami-Sdpamdk, D (AW )

dvat the average LI f showed a normal growth undetO, 1andlyeatsold
and ?2.2 cal/cm2/day, respecnvely. Upland nee =>'<*¢ observed when they were grown

rubbers. High variabilines in gro"wh j 50 using paraner resulted LI

under 3-y=ars old rubbers. perfonnance and yield we.

Keywords: Ecolog>. Light inrensi,,. Upland nee-, Indonesra

(AGRIS 1999-2002/09)

N

are associated with reduced mtercropprug f
of the land and eng-aged rn hr | or part-time

land ownership groups. Social
and mature rubber stands sra;, and the nat

show lower adoption rates than other

,e,,, with (arming rubber, immature
ofthe land (flat/sloped) do not significantly influence
.,imated by employing the results

jrosts—
Records: Logit modeh Smallholding; Survey, Sri Lrnka

> W>6> Kdre,nrercropp,.rgofpc.anr.ti,yotrngrubberpl_mtbeSouth-1:'tteg,Arn P
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Rubber Based Rumiiig Sy"itenis

fA Vnhunl Vda.cc of South Viemm. Intercropping [»m u W «.A« 1) in young

? ~c arusrion of former IrmKhoUs, The nc>vtcd.nologj-a.umbuccd ro unprovmg the
tr:Af3'r;nc.«.i,.*firn,ersM ,.con..,deni,.K ,ng»tlprotjx,”

ma,,.tt,in,,fa.i fert.li.y in the ntbber pknmuon.,” Pea nut vanet,- H1.25 . pt*nut

rflitmittituc fettifar INPKI anti lime as m:1l as the spraymg o f foljar femi.zcts stginfiomtly impn.ved
the economic eflFecdvwm of intercropping pctmut and young rubber The optimum fcrtiber
recommendation«»4tM SON+80-100PAtSO-«0fvO+300-1000 hme(I<g/Ita) + 3.5 htrtsofB,,,-
ron'hi The u* ofthe ne.' peanut varieti* HL25 with rhe ion of intensive cultunj p

m U t obtain aprofir off 1.2 to 3.9 miUion VND/ha. whilst traditional cultural piacticis (Usmg loc;J
vailerv' Giai-and biv fertiiizerappliarionl only obtained a profit 0f 0.2 to 1.9 million VND/lia. Ilk
nc« tedinoiog!' could be widely expanded to young rubber plantations In SER.

Kfywords; Cropping system; Economic aspect; Peanut; Soil fcttilit)-; Vietnam

HuDier,J Rand Camacho, E (}961)
Some observations on petmajient mixed cropping in the humid tropics
Titrrmlhu, 26-33.

The net returns for 1959 from a inbced planting of rubber and cacao were 35% highoi' chan
from a rubber plantation of equal area. In the first plantation there were 143 rubber irees [kt
&CTCin double rows widely spaced and 305 cacao trees per acre in 7-row stands between thf
double rows of rubber. In the second plantation there were 207 rubber tree's pur acrc. The
undcrg®o™mtil in the rubber plantaiion needed cutting 2-3 times a year, but in the ini\cd
plantation there was only a thin growth of weeds bet%veen the double rows of rubber u'ith a
nanirai mulch of leaf litter under the cacao.

KovTAXlids: Cocoa; Mixed ferming. Humid tropics

fBPPM Abstraa Bibliography of Hewa rubber: V 2, 1970.)
ICWAI (1999)

Intercropping in inrniamre rubber plamaciou

ht: Fermuktbm ofFarmAccmumng Q tiM m i an Rubber Pkimatwu hdmny, Institute of (.iost and
WodtsAcrountantsofindia,Calcutta, 1999.pp. 14-18,

InteKtopping tjfsuitable crops such as pintapple, banana and ginger in intittature ph;...e i, .,u ri-d
out by smallholders in Kerala. 1 he net estimated income 1\Vom the ahore crops is also worked our.

Ke>'words; Banana; Economic aspect; Ginger; Pineapple; Smallholding; Keraltt; India
Ighal.SM M (1993)
Multicropping of rubher with tea

muu,, of,he Rubb, few , I,mi,me ofSri La,ka. 30: 30-33.

crops that would gtfai~inram " durino ri™ T . . lantations ui grow
P g income gurlng the unproductive period for fto é years :uldga?so
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f,

77.

auring the productive period on wet days wlicn productivity of
TlisLuld increase producttvity per W and Lcnornrcally viable.

available labour resources more efficiently and profitably.
Keywords-. Economic aspect; Family labour; Mutipk croppmpTea; Sr, Lanka

lobal S M M; Ireland. C R and Rodrigo, V H L (2005
Flpl.ysio.og,canimitationstotheprodnctivityoftearntberubber-teai,Kerc.pp,ngArArAANAAR

n|X "11:!'™ determ,ne How m.or

unrty ind,qat,ng- A~ ned brelew unity. The growth and yield oi
ekeeeds unity, however, the OPR o”téa was kv V*trweround inter rooc

w-a is lim.ted AMX X tiV en mTe” « competition imposing root barrier that
= ::p:,tther,bb.a..,""

I~:tyiirsryon o,di, cr-poar_ LA N

niae to f,.icw contis. The
“ unrfhags

:n,?7v,s,0ns to thesLcor.m entor,ons"Obtained tmproved overall
yields from rubber-tea mtercrops compared to sole rubber crops.

Keywords; F.copbysiology; Shade; Planting density; Tea; Sri Unlta

Jityasree. K R; Jessy, M D; Nair, AN S and Punnoose. K | (2005)
Intercroppurg and its effect on growth of young rubber; A survey report
RuhbfrBoiirdBuHenii.I"[\)"2--7- - Wsoif%nr»
A survey w,ts condttcted in the smallholdings of Kottaj*n., Ker;.la, Ind.a,

to study the extent of intercropping on the growth of rubber. Erg ty »

holders in the region cultivated intercrops ,n rubber

Srxty seven pcrcctt of farmers cultivated banan;r as mtercrop and fourteen percent
pineapple. Intercroppnrg did not affect the growth of rubber adversely.

Keyss-ords; Banana; Pineapple; Smallholding; Survey; Kerala; India



Jayasuriya, K E and Weilasinglic, D S (2004)

Impact of wkirc root disfaie incidcnce on rubber inrercropptj witii tea or cinnamoji
SulUlin ofih, Ruthrr Riieard, huituu ofSri 45: 60-7).

Thf arcticic discusscs some facts on rhe importance of controlling the white root disease
in tea and rubber intercropped lands during the early stages.

Kejnvords: Cinnamon; Tea; W hite root disease; Sri Lanta

Jessy, M D and Punnoose, K | (2001)
Intercrops (Malayalam)

Rubbn Mithmm, 3(2): 28-32.

The different intccrops like banana, pineapple, ginger, turmeric, vegetables, tuber crops
and medicinal plants ccc. that can be planted in rubber plantations are described. The
advantageous of planting intercrops and the necessary features to be selected aj,
intercropping rubber plantations arc also discussed.

Keywords; Banana; Coffee; Ginger; Medicinal plant; Pineapple; Turtneric; Vegetable; Tuber
crop; India

Jessy, M D; PhiKp, V; Punnoose, K | and Sethuraj, M R (1997)
Muhispccies cropping system with rubber; A preliminary report

IRSDB Sjmjmium on farming System Aspms o fthe Cuitimtion ofN:Uural Ruhber (Hemi
hrasdumnj. 6 November 1996, Beruwela, Sri Lanka, pp. 81-89,

A cropping s)-stem experiment, which included diverse annual and perennial in.ercrt.ps
w.th rubber ™ started at the Central Experimner Station of the Rubber Research Ins.,.u.c
o India and State hrmmg Corporation of Kerala, Punalur, India in 199? Rubber w;,
planted tn pa,ed rows at spacing of 9.0m with a distance within paired rows ,.I 5.1m.
Bananaj)meapple pepper and cocoa were planted in the wider in.errow space.s ,,ul a

established in the narrow interrow spaces, 'leak

after SO 7 ->'"W e potassiuin content of théswil wigs not,ted
flared trtitaH ™* *t ™ 'S-fcanrly superior the present svme!

of all nutrients. UnTuX at'i"rpltm ""'f'h’ n prn
increasing the density of the com "e i'tdicated a possibilu;- of

and fodder grass were 2,58 2 26 and°2"07" pineapple
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M D; I'lilip, V; Punnoosc, K Iand Selhuraj, M R (1998)
Ev.lun,ion of a mul.i*pecies cropping system durmg immaturuy pKa.c of rubber

I,,dmn Journal ofN«tuTdRMer!IfiMnh. 1/(18d2): 80-87.

Kevwords. Banana; Cocoa-. Cropp.ng sy.rem: Economic aspect; Fodder grass; Pepper,
Pineapple; Soil fertilit).; Soil pioperiy; Teak; India

Jessy, M D; Punnoose, K 1and Nayar, T V R (2001)
Crop dives.ficarion and its sustainab.lity in young rubber plantation
JoumalofrkntaM v Crops.

1, an experiment commenced at the Central Experiment Station of the

| = t1 in 199" rubber was planted in paired rows 9.0m apar .
crtiiLtir=criisitt5.n,/rhenu:berofrubberplantsperbecrarew .

annual shL rerm and perennial crops (banana, pineapple, amorphophallus, d.oscorea,

colocasia md arrow root, coffee and pepper) were planted m the wider inter row spac
Legume ground cover Puerar,. established in the narrow inter row spaces®
T el and fodder grass were gtown along the boundaries. Intercrops were grown during the
Im it iliatnrity period of rubber. Growth of rubber w.s significantly superior m this
system compared to the monoculture. An increase in soil available P and K status was noticed
after six years Leafanalyses indicated competition for K a, certain stages. Benefit cos, ratios
gr ~m ; banana, pineapple, aniotphophallus, dioscorea, colocasia, arrow t~ r and fodtler
graTs along with rubber were 2.58, 2.65, 1.91, 1.27, 0.94. L.4 and ,.94 respectivey
Performance of perennial crops was poor. Light infiltration studies indicted that dte
availabiliry of photosynthetically active radiation dropped to 1.4 1per cent of the open
at the end of six vears.

Ke>.v,rds: Amorphophallus; Arrow root; Banana; Coffee; Colocasia; Cropping system;
Dioscorea; Pepper; Pineapple; Soil fertility; Soil property; Kerala; India
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Jose, M J (2002)

Pineapple intercropping in rubber

h, GbM Compet,lilt, 111 cj hdian Rubhr PUnmtwm Industry: R M rr PUmttrs' Co,,fire,,,,.
Iniiui2002. (Ed. C KuruvillaJacob). Rubber Rescardi Institute of India. Korcayam, India,
pp. 89-9i.

Inccrempping pineapple in rhe initial three years of rubber cultivAtion is an accepted practice
in many parts of Kerala, In a replanting area of 1.40ha planted during 2000, pineapple was
intercropped and the cost of cultivation of pineapple forthe three years is presentcd.Siniiiarly,
the year wise cost ofcuitivation for rubber isalso worked out and presented, The detaihs of the
cultural operations followed, the labour charges and the cost of inputs for the two crops art-
also presented. The profit from pineapple cultivation for the three years from an area of i,40
ha was Ri. 1.50,225/-The cost ofcuitivation of rubber for three years was Rs. 38, 355/-. The
commutative net profit for the three years through pineapple intercropping from an area of
1.40 ha ofrubber was Rs.1,11.870/-.

Kelwords; Banana: Ginger; Economic aspect; Pineapple; Kerala; India
Joseph, M (1999)

Studies on some competing factors in the intercropping systems of rubber {Heuiit hrasilicvsis
Muell. Arg.)

PhD Thesis, Kerala Agricultural University, Thrissur, 95p,

Field experiments were conducted at the Kerala Agricultural University duiing 1994-97 lo
study the extent of involvement of root level competition and competition for light m the
early years of growth oi rubber. Rooting pattern of rubber was studied employing "-P soil
injccnon Kchniqut. Aciivitv- was applied at varying iareral disancK. In another t-xpcrimnu.
rubber ivas interctoppcd witii banana cv. Poovan under two systems of planting. In a third
lieM cxpermient. the mtensity of hght infiltration through rubber canopies ofvaryini; aes was
studied. Iheactivc roots of rubber arc concentrated in radial distances 050, 100 and i W cm
Irom the plant durmg the first, second and third years of growth respectively. Banana can he
prow,, m the mier row spaces of rubber as a rainfed crop during the initial three years.
teufl,c,encj-of hitered hght through dre rubber canopy will limit the scope for intercropp,..g
bej-ond the ih,rd year of growth of rubber.

Keywords: Banana; hruit crop; Plantation crop; India

Joseph, T; George, K T; Veeraputhran, Sand Mohanakumar, S (1995)
Arc medicinal plants viable as intercrops?
Rubber Asia. 9(3): 105-110.

ntedjcinal pla, r. with rubbcT m ditt'X " o\«w “ f'“'" T
market potential. Based on the analysis rh six plants which have good
mm~cropping in "laiure rubber pi,, taL,'s ot"Timft I"™ 7 "'«

and in tern.s ofd.e market potential

Keywords: Econom,c ..pect; Medicinal plant; Kerala; India
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Joseph. T; Punnoose, K t; Haridasan. V; Mathew, M and Mani. J 11988)

A survey of agro-econom.c conditions of the small rubb.r growers in Anakkara ullage of
IduUki District

Rubber Board Bulletin, 24(1); 12-15-

A survey was conducted in 1986 amongst 90 small rubber growers in rhe high elovati®”
tract of Anakkara village in Idukky District, Kerala to study the pract,« “f

The growers were members of a social service organ.m.on and the data were collec e
with the help of questionnaires sent through a selected group of volunteers. From the
Information collected, detailed analysis were made on planting marenals used, ,nte,xrcps
cultivated, intercropping pattern in relation to size of holding and
Intercropping. The survey revealed that the rubber growers were increas.ngly "8
varieties of planting materinls. Small growers preferred one intercrop and black pepper
[Piper nigrum] was thf most commonly used species.

J

Keywortls: Economic aspect; Pepper-, Smallholding; Survey; Idukky; Kerala; India
Juiiaidi, U iind Arifin, S (19891
Cropping pattern for smallholders' rubber upto three years' old

Proc.edi,s, of.h. R,U ,r R*earch Instuuu ofM .kyna. RM er Grou,,n Canfirenc. Malacca,
Malaysia, 1989, pp.l,17-165.

Food crops or non” perennial crops have been designed and tested at the Sembawa Research
Institute for Estate Crops, to improve farmers cropping patterns. Two kinds °f

panern have been tested; Rubbert Food crops A (corn* upland r.ce -soybean-cowpea)

and Rubber, pineapple. The objective ofthese experiments was to get mformation on th

notentnl yield of the intercrops and to determine ihelr impact on rubber gro«h. The
Lperiments svere carried out for three years, from 1985/86 upto 1987/88. The resu ts
showed that food crops planted between rows of rubber trees provtded good

first year, which gradually decreased during the next two years. Pineapple gave good yidds
and growing intercrops gave positive impact to rubber growth.

Keywords; Corn; Cowpea; Food crop; Pineapple; Soyabean; Upland rice; Sembawa;
Indonc.sia
Juriprik. S (19961

Rubber inrercropp.nK; Rubber Smallholders Communlry Development Project; An
ec-olonica! and self-reliant new altern.uivc; Tliaiiand case study

Conferene. on MonocuUura. Bunron,.enu,l ar,d Social Ejf.m ar.dSuscaM Ak.rnanves.
2-6 junc 1996, Songkhla, Thailand

Kej-words; Community development project; Ecology; Smallholding; Thailand
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Ruhber Ba“cd Fanning Systcin®

Kaewbamroong. M (1976)
Pineapple iNenasl »s an .ntcrcrop bmvecn rubber rows at I'huket

I»; yvsiiresy md Dmhfmem rfRubber SmallhtUlen: IVocerding! o fthe ScconJ Seminar. 1b-
23 October 1976, Hat Yai, Tbjilantl, ppl61-1<;5.

IniercroppiiiB of pineapple has greatly expanded in the Phuket region during the last five
)-ears cowrini; around 40% of the total present rubber replanted area. The paper gives
information on the varieties, cultural practices, areas and the percentage of rubber teplanter;;
involved with this intercrop, it concludes by showing chc attractive net returns obtained by
rhe rubber smailhoidcrs.

Keywords: Economic aspect; Pineapple; Smallholding; Thailand

Keli,Jzct al. {1991)

Deveiopmental aspects ofyoung rubber trees intercropped with food crops in the suiithern
Ivory Choasf

Agronomic Africaine, 3(2); 77-83-

Keywords; Food crop; Ivory Coast

(ATANO0.88133, 1993.)

Keli J Z; Obouayeba, S and Zehi, J K (1992)

Influence ofsome food crop systems on young rubber crees in the lower Ivory Coast
A”onomie Africaine, 4(2); 9i-10i.

A study on the intercropping of rubber (/*wa) and food crops was conducted in the Ivory
CoaM ftom 1986 to 1988. The cffects of food crop rotation and various methods of
fenUlzat.on on die gtowdi ofyoung rubber trees were determined. Pood crops had a favourable
efta on die growth of the rubber trees, but yields varied widely Chcrnical fertilizer for

food crops had positive effects on the rubber trees from the third year onwards. At this rime
the rubber tree roots began to use the soil of the inter-rows.

Keywords: Food crop; Growth; Ivory Coast
(ATA No. 92644, 1994.)

KeliJ Z; Omont, H; Hainnaux, G and Zagbahi, J K (1990)
The temporary association of rubber aud food crops in sou.h Cote d’lvoire

« [>[as,i*ues. 701: 18 M 87.

groUudnu't", InTptn,a™ J Z | ‘ice, mai«,
were compared with use of the"c ofyoung rubber trees
mreesintls ofsternl A te r ™ "7 "" ~A1- performance of the rubber
probably due to the beneficial efFeas Jth e

crops had no significant* ffect on ihf © -4 ~pplied to the food crops. The food

on the mcdence of root diseases or on levelsof N and P m



94

.bbe< but they g.v= lower lL.veU of leafCa and Mg .nd highet level, of I« f K than

Puerariu,
Keywota.Coverctop.Ct,ppingsyste,t.;Gtouodnu,;Ma,«Pla,,0in;R,ce-,Ya™ avoty-Coa.

(HORTCD 1989-2001/03)

Keli,J Z; Omont, H. Dea, B G; Kouadio, AM C and Obouayeba, S (1997)

Rubbet-based fatmiog systetns with annual and petennial Intetcrops in the Ivory Coa«
Overview of 20 vrars of trials

IRRDB5 , » » Sy~en, Mpec. of ,h.

ofmn.rd SM .r (Hev.a
Usilimm). 6 November 1996. Betuwela, Sri Lanka, pp. 46-5>.

The problem of stabilizing //e»e.-based farming systemson rubber pW .tat.ons in =
I,v,ron,nent ;s looked at from the angle ofinteteropp.ng rubber w.th
found in such a smallholder environment. Two types of mterctopp.ng system.

S=£L:E="

.trp"rimen.al stat.o.fs dhd ,n the true co..te..t shows that these pract.cs can be u.ed .n
the traditional agricultural environment without damage to the rubber tr«=s,

the economic impacts are assessed and varietal and weeding problems are

kmg-duration intercropp.ng involving a planting design with w.dely

I e ofachieving a permanentassociation is obviously with a view to srab.hzmg agncultur. in
increasinglv limited rural areas. In this case, it istoo early to draw any definite and comprehensive
conclusions bu. the initial results are promising.

Keywords: Cash crop; Economic aspect; Food crop-, Rubber based farming system;
Socioeconomics; lvory Coiist

Khan, N A; Khlsa, SK; Ya, T and Tulachan, P M (2001)

An ethnographic enquiry into the adoption ofcontour hedgerow intercropping agro forestry
technology bv the farmers in the Chhtagong H.Il Tracts. Bangladesh

AgruU-uku,. ,h, Hmdu Kush inmaUya,, Repon. Procredmg. ofa.

Symposmm. 21-24 May 2001, Kathmandu, Nepal, pp. 75-78.

A study was conducted to invesrrgate the dynamics of the adoption ol contour hedgerow
L it ping agro forestry technology (CH1,W) by the Upland Settlement Pro,ec, £.rmers m
Z S 1 hL i farmi.ghousehcld wasallotted a total 0f2.1 haofland, out ofwhich 0.5 ha
“I'stcid hn home.Ld agroforestry, and 1.6 ha for raising rubber intercropped with
banan. At the time ofsurvey 42% of the respondent farming households actively practiced
(i-11A The farmers who practiced Chiat gave the following reasons: it helps reduce soil erosion,

reston”s soil fer.ilit,., encouragcs diversified croppin

fer.il K and economically niore rewarding than
;W ft,ngcuhivatio,.Theconstrain<sto.adoptineC

IAT coi.clusions’and recommendations
are outlined.

Keywords: Agroforestry; Banana; Contour cukivation; Soil fertihty; Bangladesh
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Kingsly.PS(t97=i)

Ecmwmk .malysis upion andginger a, intercrops in rubber planuaim,, in
Tnchur Taluk

Oissfriariim, P G Diploma in Natural Rubber Production, Kerala Agricultural University,
Thrisiur. India, 43p.

This study presents an oven-iewofthe pattern and economic analysis of inKrcropping banana,
tipjoca and ginger in immature rubber plantations in Trichur Taltik of Keraia, India. The
growth of immature rubber in terms of growth was favourably influenced by intercropping
banana in ginger Nendran banana was found to be the best profitable intercrop followed by
poovan and ginger. Tapioca intercropping in general adversely affects the growth of young
riibbrr.

Ke>-\vords: Banana; Economic aspect; Ginger; Tapioca; Trichur; Kerala; India

Koua<lio. AM O Keli,J Z and Dea, B G (1996)
Food crops association with Hei>ea in Coce d” Ivorie: Resulting effect on production

IRRDB Symposium an Farming Systetri Aspects o fthe Cuhivntion ofNatural Rubber (llevea
brasiiiemis), 6 November 1996, Beruwcta, Sri Lanka, pp. 10-16.

The study of the effects of the planting ofdifferent foodcrop systems showed that rlieir use
lea.ds ro a rubber yield per hectare of some rwenry-live percent (25%) higher than tliat a
standard ploi with leguminous plants as the interrow cover plants. This higher yield appeared
to be related to the known precocity of Hevea trees in association with food crops. 'Hk
ditTerence between the trial samples gradually decreases with time. The results indicate the
impact of the competition of the leguminous covcr plants on Heuea trees during tliLir
immature growth. This depression, lower with food crops, leads ro production gains .u (ho

opening of (he trees.
Kcywrods: Economic aspect; 1-ood crop; Ivory Coast

Ktishnankutt)’, P N (1977)

A study of intercrops in smallholdings in India

24-30 November 1977. Cochin, India. ppl91-195.

The Rubber Board of India is operating a replanting subsidiary scheme in order to repl in.

murn per hectare. It was also found m be at, acceptabl"™ """
1 he nenedran variety of bananas is also pt'oflt-ible

- ..erIn.erc,pp-Xr "
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smoillmlclers is not as remunerative as ginger or banan”. Further, it ha®
impovcrislung .he 5oil and .hereby nrc.rding the growth ofyoung rubber. The culr.vat.on
paddy was least actractive among ail the intercrops studied.

Keywords; Banana; Ginger; Tapioca; Kerala; India

Kiimmerow, J and Ribeiro, S L (1982)

Fine ,00,. in mixed pkntarions o( Hev.a (Hevea hra,.lU«.s H.B.K Mail. Arg.) and cacao
{Theobroma cacao L.)

Revista Theobroma, 12{2): 101'105.

Fine roots of both cops occupied, mainly the top 15 cm of the soil, and 2-9 times mote
‘Iber ttee toots wete fonnd in all soil samples. Rubbet toots wete 3 nn.es rhtcket than
cocoa roots. The findings are discussed in relation to fettiliiat.on tn a mixed tubbet-cocoa
plantation.

Kcy%vords; Cocoa; Mixed farming; Root activit).; Btaiil

(HORTCD 1973-1988)

Lai, RB (1993)
Choice of species in plantations for rehabilitation of jbumias .
V4«V»w». 31(3-41; 82-89.

The suitability is discussed of plantation crops and other tree species in the developtnent of
areas iftectcd by shifting cultivation (jh.im), particularly in the northeastern region of India.
Tree species such ;ui Ainu, mpakmh. Pinm roxburgtn, Cmnamcmm !pp.

found promising in die regions of Manipur, Mizoram and Nagaland for f
jhum lands. These are list growing short rotation tree species which can be grown m
combination with maize, cotton or other hill crops, and with shade loving cash crops lke
cardamom, rubber, tea, coffee etc., thus offering an easy means for rehabilitation o f,hunt
lands and use by ,humias (shifting cultivators). Fodder trees such as

SMma walhhii, Uucana liucocephak. Anocarpm cimfksha and Gnirhim arbarta ate suitable
on margin.il farmland and community lands.

Keywords; ABrofore.stry; Agtosilvicultural system; Cardamom; Cash crop; Coffee; Cotton;
Maize; Tea; North Eastern Region; India

(HORfCn 1989-2001/0.1)

Lai,V L; Thanh, T P; Pham, T D; Le, M T and Ngo,V H (1996)
Intercropping wvith Heve<i in Vietnam

m O B Symposnm an Hnrnnng Sp,m Asp,r,< ofth, CulHuaUcn ofNatural Rubber (Hivea
brasiUrtuii). 6 November 1996, Beruwela, Sri Lanka, pp. H 3-116.

Intercropping wirl, annual and perennial crops in rubber fields, which has contributed to
the improvement in the income of rubber growers and also the effeciive usage of land, has
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Riil-bi'r Based Fanning Sysieins

.,.<!'smaliholJing." in Vicram fo,abng time Modified
b«npnchshlbylx>d.esla>=M jl.o b«, adopted to improve the cffectivmcss ,f

aretiiscusscd-
K ~.d . Annu. crop. E.0,0,,ic.p.c. Pe™ ...l crop; Soc,0=co0,0,,.cs., V.ern.n,

Uosu»an. P-, &cagpr..00,., & Kalawcg. Sand Tho,,g.om.ri, A (1991)
Breeding mungbcan for shade tolcrancc.

23-241990. Chiang-Mai, Thailand, pp. 55-100.

Ttn cultivars or lines of mung bans or Vigm mungo were grown in pots at 100, 90 and ~0»* of
I'Vohr inrnsirv Pod number and root DW were decreased, and plant height increased, m
muTgb L gmwn at 90% of ~11 sunlight. Seed yield and plant and leaf DW were decreased,
Id L -i4 de«=ddaH at 50% light intensity. Seed yields were h.ghest ,n n.ung beans cv.
PSU 107-3 and PSU I. Flowering and maturity dates of PSU 1were least affected b) shading,
and this caltivar was recommended for intercropping between rows of young riibber ttee”
cv. U-Tliong 2 and BC 48 pmduced much higher seed yields than mung beans K1S
land PSU 1at )00 and 90% light intensity, but yields at 50% hght intensity were smiilai.,

Keywords: Light intensity, Mungb€5ui; Shade; Thailand

. {CABAbstraccs 1991-1992)

LaosuvN'an, P; Sripana. P; Sirisongkram, P and Tongsomsri, A (1987)
Potential of food legumes as intercrops with young rubber

Australian Centrefor IniemaiioiuilA*adtiiral Risearch {ACIAR) Proceedings. 1987. Canberni,
Australia, pp. 240.

In two «periments at Songkhla in 1981-85 mung beans, soyabeans, groundnuts or m:iizf were
sown between rows of rubber of differing ages. Crop yields tended were low mainly due to
disease and soil variability. There was no obvious efFeci of shading by rubber on liie yield ot
intercrops in succ3sive years. In a second experiment intercrops of mung beans + grouncinui®.
maizt +upland ricc, pigeon peas, a legume cover or bananas with rubber over two years perto rmed
well in all cases. Groundnuts and mung beans yielded 1.8 t/ha. Mung beans + groundnuts and
maize ~ upland rice intercrops gave the largest girth increments in rubber.

Keywords: Groundnut; Maize; Mungbean; Soyabean; Tl"ailand

(CAB Abstracts 1984-89/May)

Laosuwan, P; Yecdum, |; Sripaiu, P and Sirisongkram, P (1988)
A .nudy on intercropping ofyoung rubber; 1Yield potential of different intercrops.

ThaiJournal ofAgricultural Science, 21(3); 179-188.

In a trial carried out during 1981-86. rubber was planted with a spacing of 7 m between
rows ana 3 ra between trees within rhe rows and was then intercropped with a legume covet



105.

or viastu la -l-m

CMmitma oiihtsctm and Pueraria
crop .nixturc induaing Cahpagomtim a groundnuts, ticc, majie, bananas
2W«W «,orwkWmu,gbean3[W p«W ..«Ls"yn"" ~ 5, .5 .yha,
or puieapples. Mung beans and “f,,a" R1cc givm 40 kg N and Z\3
respecnvely, but soyabeans gave only low yields o 75 ~ K/ha yidded

nn” inrer-rowweedinc was not needed.
c * NS Ir et
iWppl..

Sr.y.b.n. W«d Yield,

(HORTCD 1989-2001/03)

m M Wibawa G;BoethendhyandSuhalmi, A(19S81

RMerPrmpc . of forestry and estate crops
The development o( agro forestry b | - . f the natural forest as a source of

of several alternarves “ ~ A ~ bbe /I™ oneofrhe recotunrended
..»ber production tor wood .Lntages such as good quality and several
tree crops tor H TI where as t,m .f..,bberbased HTI determines the choice of
clones have a good girjh

»fp...t..g materials, clones, spacing
technical practices to be jdapted. St g > .aucing timberand latex, results of
iutercroppiug and harvesting systems. Various . f w d perennial
waersu.,ndoncsiaorin"AAANAN
cropping sysrem research prolec
.ue currently tested in Indoncbuin

meral

<intercrops in between doubled row (4m x

I.,tex timber-producing ..lunes were P ~,hod ofrubbers planted
2,,) X16m ot mam rubber BPM

,hatno effectofintercrops

are sull needed.

Keywords: Agroforesrry. I=orest tree; Perennial crop-, lildonesta

Lin W; Chen. Q; Zhou. Z and Huang. S (1996)

Mixed forming in Chinas rubber plantations
mDB

fN.ural
6November 1996. Bertiwela, Sri Unka.pp.l00-IU,

Mixed .rminghasbeen

of



106.

107.

Riibbfi- Based f-'armiiig Svsrem”

intcrcropped with tc» bushes, sugar cane, pineapple, pepper, cinnamon etc apan from variou,
cover crops. The mixed farmn.g system is desirable in the conte,« of cconont.c returns and
en.ironmental effects, although it varies depending on the crop combinations and market
demands as well as geographical locations and retrain. In general, .nixed farming ot
mtercropping in rubber plantations could fetch an average net economic return at tround
R.MBV 1500/hectare in China. Intercropping in rubber plantations can increase the land
use capacity’ by 30- 50% and create more job opportunities. The ecological and cnvirontnent.il
effects are more pronounced from such mixed farming systems. This can be seen from reduced
soil erosion, enliancemenr of soil nutrient status, better biodiversit)- compared with arable
farming, decreased temperature by 1.2-7.0” C and increased humidity by 2-10% to create j
situation similar Co secondary tropical forests. Some interactiotts between rubbei and
intercrops and the new ecosystems in terms of fauna and flora are discussed. It is concluded
that correct intercropping in rubber plantations is a sustainable farming system. Some existing
intercropping problems in China are dealt with and recommendations for their solution are
made.

Keywords: Cinnamon; Ecolog)’; Economic aspect; Land ucilizacion; Mixed fanning; Pepper;
Pineapple; Soil conservation; Sugar cane; Tea; China

Lisha, C (2005)

Competitive interactions in a rubber based agroecosystem with coffee and cocoa ,is intcri-rops

MSc Disseracion. Centre for Plantation Development Studies, University of Calicut.
India, 66 p.

A study on competitive interactions in a rubber based agro ecos)'tem with coffee and cocoa as
intercrops carried out in a smallholding in the central rubber-growing tract of Indin. The
study revealed that coffee and cocoa could be grown as intercrops in mature rubber without
adverse effect on growth and yield of rubber. Though con,petition existed between the
compotient crops for above ground resources the soil fertility was improved under tlie
intercropped situation compared to monoculture rubber. '

Ke>-word: Cocoa: Toffee; Rubber based farming system; Kerala; India
Mak, C and Yap, T C (1985)

Soybean intercropping with rubber and oil palm

. . S' Shanmugasundaran, e, d |
Asian Vegetable Research and Development Center, Taiwan, pp. 61-65.

KeywroJs. Economic aspect; Planting density; Soyabean; Taiwan
(C-AB Abstracts 1984-8/Mayj
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Manurung, Gaud Burgcts.P (1999)

u,,ines!
mmnVa,ve farmers: Bapak Kaniian. R*.v.n, ,a,a, ,n Sumatra » abocmmg bus.nes.

plants, which arc plamed at 4X3 m spacing S.

y be
0 rcve, damage to *e r.bwW r- . .
years olg to Bre\‘llent gamaae to ,a,nine isnot impeded. Tl.e normal problem
slashed of with apiece ofwood so that rub because ofthe ptessnce of the
on smallholdings of pig and deer attacks on th
,horny rattans. The first rattan seeds were “ * K.sown nursery. Some
collected mainly from the f are raised fot the Forestry
of the seedlings ate now contractcd out to be grown,
Department.
Key-words:

Economic aspect. Innovat.on adoption; Rattan, Sumatta-, Indonesia
(HORTCD 1989-2001/03)

Masae. A. Cramyp, R/A: PAj, R-A-Guindon; N ]. Rayment. G E and Prober. M E (1993)

Socio-economtc aspects of rubber .n.ercropp.ng on acd soils ,n Southern Thatland

,nun*W, dSy«posmm. 1/-lo ~eptc.uc,

cmalino ders
tite young rubber with lood n Nsocioeconomic survey of sixty rubber
. . i

f - f A the results of the survey. The survey revealed
%fmmﬁmwwaIla‘g%st';;rmesaé%%croppmg of upland rice for subsistence to
a range of cropping practices, from Farmers adopted intercropping if
continuous cultivation of P™* PP, ~ey had spare family labour. They adopted
dieir rubber plots ere

ro market opportunities. The
ArutTorofrCcrp”m~sitemshadtakenplacew ithw ~An

P
EE

commercialiiation of intercropping. y c m Snrvev
Ke>"ords: Cropping system; Economic .pecf. Pineapple; Rice; Soc.oecononr.es, Survey-,

Thailand

Mathew,} (1984)

A new outlook on interplanting of tree crops in rubber plantations
K.«en-5»,™ r, 25 January 1984. Kottayam, India, pp. 25-29.
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nuhoponv, which arc growmj itroi.g, have only hmitcd foliar com p«ilio,i. The dnails t,fthe
cxpenmenl with anjiii as avtmie rttts arc ako provided.

Kcwords: Alzcbia; Anjiii; Mahogany; Teak; Tree crop; Kerala; India

Marhev.!, M U974)
Plant association and competitions and intercropping
Fini Siiort-tfnn Tnimifig Course on Rubber Cultivation. ProctsiingatidEstate Management. Lmurc

Notes, 4 November- 4 December 1974, Rubber Research Institute of India. Kottayam, India,
pp.13.

The relative advantages and disadvantages of maintaininiug cover crops and intcrcrops
centralized in rubber plantations are discussed.

Keywords: Cover crop; Economic aspect; India

Matliew. M (1990)

Intercrops (M.alaj'alann)

l«e» Rubber: Vithu muthal Vipany vare. Rubber Board, Kottayam, India, 1990. pp. 51-54.

Keywords; Banana; Plantain; Rice; Tapioca; Turmeric; Kerala; India

Mathew, M; Pottv', S N; Punnoose, K 1and George, C M (1978)

Intercropping in rubber plantations

In: Agronomy SoilsPhpiologyaniiEconomics o fPkf7tario» Crops: Placrosytri /, 1978, Kottayani.
India {Ea. E. V. Nelliat), Indian Society for Plamaion Crops, Kasaragod, India, pp. 43 1-437.
Economics o fraising certain food crops as intercrops in the rubber piaiitatioiis and the c-ffecr
of such intercropping on the growth of rubber plants are discussed. Growing tapioca and
bananasinendran and non nendran) was found co fetch additional returns. Dry land paddy
and green gram can be economical only when family labour is employed. Growth of rubber
p ants, as trvauatcd y the girdi recorded at seventeen months after planting, was better in
plot. .nrercropp,d with nendran varierj-of banana than rhose wirh rapioca, non-nendr,m
banana or legume ground cover The possible reasons for rhe above observations are discossed.

Keywords: Bamrna; Dry land paddy; Green gram; Tapioca; India
Maihewkuity. T (2002)
Medicnal plants a» ground cover in robber plantations

pp. 89-92. ' of India, Kottayam, India.

-T.ppah Ka,,,kttinii, Malayalam
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in the "...terspace ,F rttbber plantatior,, .n pkce of

“oof tolerant
,,eir cultivation helpyhe farmer in

T hrop“n-re propogated

cover will etibance the biodiversity and snstamotir herbal wealth.

Keyword. B,odiverstty, Kari.kurinji. Med.cinal plant-, Moovila-, Orila. Thazhuthan,.
Tippali; India

Medina, B Fand Leite, ] M 1985)

. . a N v/”fr’\i[a[ivg mvcrs on water innltration in a
Effcct of tluee soil manageincut systems and w o vegetative COVErs o
yellow latosol from Manaus. Amazonas, Brazil

Pesquisa A?ropecuaria BrasiUira, 20( 11): 1323-1331-

Keywords; Coffee; Brazil

(CAB Abstracts 184/89 May)

Meng, QY ; Wang, Z Q and Chen, X (1999)

Analysis of energ,- flow of r,bber-tea-chicken agroforestry systerr, in t.optcal area of Ch.na

Journal ofZhrjimtgAgrkuhural Univrmty, 25(5): 473-478.

gardens increased gradually. Their energy output/,npur rat,0s
LpecttvelyThe”anic energy
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chicken system. thearriHdaJ siibsidinrv-encr” inpur was decreased comparatively and the s}scc *
stahilit\’and energy output increased. n

Kej'wofds: Hnei”’ conversion; Poultrj'; lea; China

(HORTCD 1989-2001/03)

Meng. QY; Ye, X j: Yan, LJ and Wang, Z Q (1999)

Study on the ecologicai benefits of the mbbcr-tea-chicken agroforestry system in the ttoni [
tepion of China. P

Acta Agriculturae Zhejiangemis. 11 (4): 193-195.

A study in Weiichang, Hainan. China, showed that compared with monocroppin. a<
mterctopptng nibber brmlifmts], a rtibber-tea i,W«J-chicken aeroforestr,
S)«e,n ,mp»ved soil physieal structure and ferttlity, which increased the yield ofrubLr and t«
and the qualit)- of the chicken. ®

Keywords; Agroforestrj-; Soil firtilit)-; Soil property; Tea; China
(HORTCD 1989-2001/03)

Mcoa K M; Magcale, D M and Riisastra, 1W (1999)

(I:mei(lasltlgﬁsmallholder&rmmgsystems| nareas Alternatives to shifting

A*mlu,,, <>mr firl«, na,iamlAgncukurd!!,,.arch IACIAR) Monograph. 1999. 280 p

Soutir*Ajia »f
5 secciofis. Out of dttte 5secdons. seaion ?fnd 4 in
interventions (trrowine trees in fiali,,.., u i° chapters m which various tree-baseil
intercropping systems are modelled with w'd Cith “ °ppg>" >"d in other
ate multipurpose trees and rnbber. and work with T

hedgerows ,s also descnbed. Some of these mrje " T  ™8=" '"“" ««P-' A"d napier grass
fermers fields, and in these cases nossihl. “trady in place m
with the mctdds can pointthe TOyT prL u S I~ j"" “r Policy interventions a.ialysi-d
the larmmg systems modelled are exner*mmr |' '“ "“mic unprovements. In other c;ises,

«lopes, but some S|Kaal attention isgiven to | """ p"=™ Brows on uplands o fvarious
“ “Pp""cular problem, mperata on steeply sloping tuid wliett soil ert.sion

management; South East Asi' Imperata cylivdnca-. Smallholding; Weeil
(HORTCD 1989-2001/03)



120.

121.

the sustainability of intercropping in rht intcrrows of young rubber on acid, highly weathered
Oxisol (Munchong series) and Utisol (Rengam series). T he |>ossibleeffects of liming and intetcroppiny
on growth of rubber, were iilso monitoi~. Lime, in the form of ground magnesium luiicstone
(GML). was applied at rates 0f0,0.5,1 and 2 tonn«/ha, and these were rotovated into the soil at
depths 0f0-]15cm and 0-30 cm, at two weeks before planting of the first crop.I he crofK planted
were groundnutand maize. Data indicated thatyield as well as quality ofboth maizeand groundnut
improved with application of GM L However, the rate of application of GM L needed to achiev-e
maximum yield differed between sites, crop species and time. Generally, GM L became less effective
with continuous cropping, with only the higher rates ofapplication of lime being able to sustain
reasonable growth ;uid yield with time. Application of GM L did notappear to have any deleterious
effects on girth ofthe rubber trees. Over a thirty-month period, the mean girth incrementof rubber
trees with intercropping was 28.2 cm compared to 24.3 cm for trees wnth normal legume covere,
thus indicating thiu trees with intercropping generally grew better dian those with normal legume
covers. A comparative bencfit-cost analysis indicated that groundnut performed better than sweet
corn and gmin corn. Subject to being substantiated by further indepth researcli, the improved
girthing rate of rubber trees suggests prospects for earlier maturity and returns to investment.

Keywords: Groundnut; Maize; Soil property; Malaysia

Mokhtaniddin, A M; Eusof, Z; Hashim, G M; Wahab, M A; Sudin, M N and Bachik, A 1
(1991)

Effects of cultural practices on soil erosion under immamre rubber.
Developments in Soil Research in Malaysia, pp. \83-193.

About 40, 000 ha on sloping ground in Malaysia are used for rubber planting often intercropped
with m~ze, groundnuts, bananas and papaya. Many farmers’ smallholdings are on oxisols ajid
ultisols. which, due to continuous cultivation, are exposed to enasion and degradation. Soil erosion
was nioniioretl on erosion plots fitted with tipping buckets for runoffand a sedimenration pit.
Results from 5 cultural practices tested on these plots showed that papayaintercropped with rubber
gave the largest soil loss and runoffand a rapid decline of soil fertility. However, soil loss was
reduced to ! to 2 t/ha when rubber was intercropped with groundnuts. It was concluded that the
average soil loss and runoff for one cropping cj-de of groundnuts and maize was greatest from
papaya and farmers' practices followed by legume and groundnut and papaya plus groundnuts/
maize treatments. Approximately six months after legume establishment soil erosion was minimal.

Keywords; Banana; Cropping system; Groundnut; Maize; Papa>-a; Smallholding; Soil fertilit)-,
Malaysia

(CAB Abstatacts 1995)

Morales,j O; Bangham, W N and Bamis, M F (1949)
Intercrops in Hava planrations
Abstntcts in Biologicalltijormation ColombUi, 7: 12.

The value of various crops for planting as intercrops in yotmg Hevea plantations was studied in
areas with a temperature of 23-26" C and an annual rainfall of 254 c¢cm. Yucca proved to be a
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profirablf crop bur mai/e required too mucii labour. The cultivation of intercrops resulted jj
a letter growth ofthe //«w , and fewer repl3cemcnt.s of rrecs.

Kc}'words; Yucca; Malaysia

(BPPM Abstract Bibliogrdpiiy of Hevea rubber; V 2. 1970.)

Nair, P KR(1980)
Agroforestr)' species: A crop sheets manuaJ

h: Crop Sheets .Manual. International Council for Research in Agroforestr)', Nairobi. Kcnvi
336p.

Agroforestr)' is the growing of trees and crops intermixed on the same piece of land. Itis;
traditional ferming practice in many ecological zones. This booklet is divided into three parts, it
GeneralJ principles ofagroforestry, crops sheets ofsome species of the major economic groupso!
cropsand shortnotes on some underexploitcd and localized species. Most ofthe crops mentiond
are horticuiturai, and include fruit, beverage, spicc and other plants such as arecanut, cashewanci
rubber in pan 11, and cucurbiraceous crops, onion, several tree fruit, spicc and condiment pkni!.
raedicina] and aromatic plants, and miscellaneous plants (including Orhigriyt, rnartiana. guayult
and jojoba} in part Ill. There are seVeral illustrations of intcrplanted crops. It is .stressed tk
I~roforestry isonly one o fthe farming systems, which are potentially useful in fragile environments
h may be particularly applicable where labour is not a limiting factor.

Keywords; Agroforestr>- Forest tree; Kenya

(HORTCD 1973-1988)

Nayar, T V R and Suja, G (2004)

P~ducricn pot=,riai of root and tubers m mult.ple cropping systems involving plant.,,iot

Journal o fRaol Crops, 30(2): 93-100.

In India, tropical root and rttber crops nat,dy cassava, greater yat,, lesseryam, dephant fom
yam, taro, rann.a and arrowroot are tnostiy cultivated in association witl. plantation crop,
e o“b’ '™ PP "8 Ae rootand tubers will

I"sucitrI T h " ““smentthe netincotne and en,ploy.,,entopportnnitie

-..d economica ~r, ti “f |

the plantation crops |, thi* n ™PP'“8 systems involving tropical root and tubers anJ
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Narong, S and SooniWorn, N (1976)
Upland rice as an intercrop of rubber in Songkhla province

ht: Progress find Development ofRubber SmallhoU”rs: Proceedings o fthe 7bird ANRP C Seminar,
24-30 November 1976, Hat Yai.Thailand, ppl67-1/0.

This survey was conducted to determine the number and percentage of rubber smallholders
who plant upland rice as an intercrop in Songkhla with a view to smdying the problems
involved and workout guidelines for further research and extension on intercropping, it shows
that there are many kinds of intercrops such as upland rice, corn, groundnut, mungbean,
pineapple and banana being planted. But of alt the intercrops upland ricc is the favourite.
However, there are no data on appropriate rice varieties, fertilizer application, and weed control
ajid rice diseases. It is suggested that more research on these areas be conducted for the benent
of the smallholders.

Keywords; Smallholding; Upland ricc; Weed manajemeni; Thailand

Neerakkal, I (1998)

Inta-cropping cfmidkirtalplantsin mhhtrpUnatiom: Lightr,"uir,me,m andfhyrnhgy o fshack

PhD Thesis. Mahatma Gandhi Universir)’ Kottayam, India, 160p.

Five species of medicinal plants viz Humhago msta. Adhatoda kddom li Adhatoda iWKa. Aiftnia
galanga and Smbilanthn htyniania were subjected to six treatments mcludmg hve dittercnt
shade levels 0f30%, 40%, 50%, 60%, and 70%, along with open sunlight. Periodic observations
on morphological, physiological, biochemica], anatomical and growth parameters were carried
out. All the five species tended to enhance the dry matter production under shade mspite of a
clear reduction in the photosynthesis per unit area of the leaf. The mam mechanisms of
adaptations are increase in the total leafarea, photosynthesis per leafand chlorophyll contents
and a decrease in leaf thickness.

Keyw'ords; Light iniensiry; Medicinal plant; Shade; India

Neerakkal, 1, Tliomas, V; Vijayakumar. K R and Sethuraj, M R (1995)

Screening for shade tolerance of potential medicinal plants as intercrops in rubber

lantatjon
ht;ﬂiqmmmon MediamlandAromatic Plants Rtsrarch. 30 December 1994-
1

January 1995, Calcutta, India.

Five coniinercially important shade adapted plants viz, Aduthodu beddomci, Adathoda msica,
Alpima gaUmra. Plumbago rosea and Strobilnnthus heyneanus were elected to study the
shade adaptadon characteristics in order to intercrop them in rubber plantations
Observations on morphological, anatomical and physiological parameters were recorded
in the plants grown under different light intensity. Plants grown under 70% shade Showed
better adaptation characteristics as reflected in plant height, internodal length, leaf area
total dry matter and photosynthctic rate per plant. Anatomically, shade leaves showed
variation in palisade and spongy tissue organization over open leaves.

Keywords: Medicinal plant; Shade; Kerala; India
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Nccrrttkaf. 1, Tiiomas, V: Mcctiakumari, T; Vijayakiimar. K R and Seihuraj, M R (200]
L «fanatomy of five nicdicinal species growti inuler two light regimes

Phytemorphok®, 51{2): i85-189.
The foliar anjromy of five species o f medicinal plants viz., Adathoda beddomei A
AlfimafaUnga, Plumbago ro,eam il &obihmthts heyneamu grown as inrercrons in nil’
planmtioM under dirrct sunlight and 70% shade was studied. A significant decrea
leaf tin'cltncss was observed under shade, which could be attributed to a decreas™
intercellular spice and cell number in palisade layer.

Kei-words, Leafanatomy; Medicinal plant; Shade; Kerala; India

NeeniWial, I; Dey, S K; Vijayakuniar, K R and Sethuraj. M R (2002)
Diurnal changes in photosynthetic characteristic of.hade adapted medicinal plants .row
under open sunlight and shade condition n n

Indian Journal o fPlant Phyiiology. 7(3): 2002. 234-238

Fivecommercially important medicinal plants viz. C. B Clarkyl”~,/,i
ro.. Linn. S;rah.L.n.hu.

» .« Nees,

Pn under shade contnLd fori t 41
A-deisalsodiscuss” -AJaptability ofspecil 0

Key”vords; Diurnal change; Medicinal plant; Photosynthesis; India

Neerakkal. I; Viiayalcumar, K R and Sedturaj, M R (2005)

r y e X . |— t p'-«tio,s; Light rcqtiiremencs ;tnd niechaiiisni of

wer ""™topping in rubber plantatioiK

from the studies conducted by inwcroppl™4 8
«fmedicinal plants in rubber plantatioK

I he hght requirements and physiolol of 1|
of these five species ofn.ejiciad
H,drs., com T mdSM m k
were suited, 70% shade ™ « ™»' 50%. ™)
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Newman, S M (1985)
A survey of intcrcukurc pracciccs and research in Sri Lanka
Agroforestry Systems, 3(1): 25-36.

Details are given of species composirion, spatia! arrangemenr and justification for growing
the crops as mixrures (soil conservation, generation of fuel and fodder, incentives for
replanting, export diversification, microclimate modification and reduction ofpest incidence).
The systems include intercropping in tea, rubber and coconut plantations, spice gardens
and alley cropping between leguminous ttee crops.

Kc'y\Words; Alley cropping; Tea; Sri Lanka

Ng, KF(1980)
Suitable catchcrop in rubber smallholdings 1. Ground nut production
Siarati Pekebun, 78: 36-42.

This article discusses mainly the planting techniquesofgroundnut, w-hich is recomnxended
as a suitable catchcrop in rubber smallholdings. Problems faced by the smsdlholders arc also
included.

Keywords: Groundnut; Smallholding; Malaysia

{Publications of the R R 1 M. 1980.)

Ng, K F and Abraham, P D {1980}
Suitable catchcrop in rubber smallholdings I. Maize produaion
Siaran Pekebun; 78: 28-35-

Several experiments were carried out by the Rubber Research Institute of Malaysia (RRIM)
with the aim ofdiscovering the catchcrop that can be bestgrown and from which a profitable
return could be obtained. This article features the planting of maize in smallholdings of
immature rubber. It briefly outlines the breeding propogation, soil fertility, fertiliser and
manuring, weed control and economic viabilit>- o f maize production.

Keywords; Maize; Smallholding; Malaysia
(Publications ofcheRR 1 M. 1980.)

Ng, K F; Mohd Yusof, M N and Abraham. P. D (19S0)
Suitable catchcrop in rubber smallholdings: 3. Soyabean production
Siarat! Pekebun, 78: 43-52.

In this article, abriefexplanation is presented on soil suitability, ferriltzation, plant protection,
weed coiuroi, economic benefits snd problems faced by the smallholders who select soyabean
as a means of additional income to immature rubber smallholdings.

Keywords; Economic aspect; Smallholding; Soil property; Soyabean; Malaysia

(Publications oftheR R |1 M, 1980.)
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Ng, K Fjnd /smsii, I (i
Suitabif carchcrop in rubber smaiiholdiiigs: 4. Banana production

Siamti Pekfbun. 7& 53-61.

Baiiiina iscommon crop planted in rubber smallholdings in Malaysia. However production is
less intensive if compared to the ocher catchcrops like maize or groundnut. This is due to
cerrain lactors. Marketing ison amuch smaller scale and this probicm can only be solved ifthe
smallholder is in an area where the demand for bananas is likely ro be high. Added to this is
the unstable price of bananas, as a fall in prices may have adverse effects on the income of the
smalliiolders.

Keywords; Banana: Smallholding; M alaria

(Publications ofthe R R I M. 1980.)

Nguema, J; Hugot, N and Enjalric, F (1996)
Rubber and associated food crops in a Central African Country

IRRDB Symposium m Farming System Aspens o fthe Cultivation ofNatural Rubber (Hem
irasiliensisj, 6 November 199S, Beruwela. Sri Lajika, pp. 1-9.

He, ea brasiltemis is a perennial species and provides a regular source of income dunne i
e»ploirat,on wh.cK usually begins about six years after planting. W ithin the context of rural
plantation development, the association of food crops grown between rubber trees durinj
tirar immature stage ,s a way of providing planters with a supplementary income or a degree
offood self-sufHciency, The latter point was a deciding factor in the decision to introduce this
sm '3 *f /' “ P'rimentation led by C.A.T.H (the local center for technical
upport to Hevea farming) has enabled us to publish some recommendations/sugges.cd
t productivity. The association offood crops proved
experintented

"ot %7 «en when repeated severd times; L banana.

e mrTe ® '] Cassava, a traditional Gabonese staple food, may be

»Wch might occur.

“tTher S "d “
X diain'rroorflr
pI*X thou!Zz

are estimated and d esc A er'"* «
Keywrods, Banana; Cassava; Economic aspect; Groundnut; Plantain; Rice; Gabon

Nguyen, G Qetal. (jggg,

. . .

PP 42-46. 14-15 October 1997, Ho Chi Minh City, Vietnam.

Studies were made in 1991 9S i v
the idle land between young rT b r[/'/lrr"T systems to effecivdy
W Studies included coniinuouslv crooDed ' 7 incomplete canopies-

rice, black gram [ £ Co,x lachrymal Jobi (C. kcryma-,ohi\.
Wg,,a mun;,0\. maize, millet [Penn.setumgJle.U
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soyabeans, sorghum, groundnuts and cowpeas [V. unguiculaca), and covcr crops, particularly
legumes. Effects of fertilizers were analysed, as were returns of the various systems.

Keywords: Black gram; Cropping system; Groundnut; Maize; Rice; Soyabean; Vietnam

(HORTCO 1989-2001/03)

Nguyen, V T (200!)
Micro phytoclimatic conditions in coffee plantations under influence of the intercropping tree
Science and TechnologyJournal ofAgriadture and Rural DeveUopment, 9: 645-646.

A phytoclimatic investigation aiming at determining conditions of radiation, humidity and
thermal status in number of coffee plantations under canopies of the trees was carried out
some places in Daclac province. The results showed that trees such as rubber, cinnamon,
cashcw and durian could decrease more than 70 percent of the solar radiation coming to the
coffee canopies, thus decreased strongly the coffee yields. In the coffee plantations with the
intercropping trees, the wind speed was decreased between 41 percent-80 percent; the air
temperature was between TC 4”C lower and the relative humidity was between 5 percent-15
percent higher in comparison with in pure standing coffee plantations.

Keywords: Agroclimate; Coffee; Vietnam

(AGRIiS 1999-2002/09)

Nilnond, C; Suthipradit, S: Nualsri, L; Edwards. D G; Myers, Rj K and Grundon, N J
(1999)

Management of tropical acid upLind soil for sustainable food crop production In southern
Thailand

ThaiJaurmil o fAgricultural Science, 32(1): 19-30.

A field trial was conducted in Southern Thailand to develop and evaluate input technologies,
winch could be employed for an opportunistic food crop production system on a Typic
Paleudulrs under rainfed conditions. The trial compared ten different input technologies for
intercropping a rotation of groundnuts, upland rice, super sweet maize [sweet corn} and
mungbean ['igna radiata\ between young rubber \hlevta\ trees for a period of four years
prior to canopy closure. Results indicated that the highest yields of ail crops were obtained
in the high input technolog)' which included application of lime and inorganic fertilizers
containing N. P. Kand Mg sufficient to meet crop requirements. The low input technology
which applied minimal rates of N, P, K, Ca and Mg resulted in a lower yield, but was
economically sound. Green manure (slashed Mitcunn cochinchinensii, which had received
500 kg/ha rock phosphate once at sowing) did not sustain yields of rice and super sweet
maize. Technologies which did not receive any inoi*anic fertilizer, viz. usual farmers' practices
and organic residues, resulted in comparatively low yields of groundnuts and rice and an
extremely low yield of maize.

Keywords: Cropping system; Groundnut; Maize; Rice; Soil fertility; Sweet corn; Thailand

(CAB Abstracts 2000)
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Ng, K Fiml Ismail. | (1980)
Suitable catchcrop in rubber smallholdings; 4. Banana production
Siarsn PekfhitR. 78: 53-61.

Banana iscommon crop planrcd in rubber smallholdings in Malaysia. However productio
less intensive it compared to the other catchcrops like maize or groundnur. This is due '
certain factors. Marketing ison a much smaller scale and this problem ain only be solvetl ifi*
smallholder is in an an:.i where the demand for bananas is likely to be high. Added to this
tiie unstable price ofbananas, as a &1 in prices may have adverse effects on the income oU
smailhoiders.

Keywords; Banana; Smallholding; Malaysia

(Publicadons ofthe R R 1M, 1980.)

Ngutma, J; Hugot. N and Enjalric, F (1996)

Rubber and associated food crops in a Central African Country

Hwngligﬂ ggyalt%%”l,,,t ANrodaXn® H Wi ithin tile context of run]
their immature stage isa wav ofnrovidi | ° between tubRey tress duisi
of food sclfsufficiency. The latter point™ aTa’d irf ’ ementary income or a degrej
new crop in Gabon, Sincel987 _ the desision te mtreduee i
support to fasr,i h rrorr (the local center for techmical
techniques that can improve traditional fe some fEEBMMERdatisns/suggested
m0 have a positive inflLce J :ociarion of food crops proved
wtth, the rlce/groundnut rotationis S t" tng the species eppetimented
Pantam t,, offersthe best income;as , " 1 " ™ red several titmess; the moane-
planted withoutdamaging repercussbns on n Gabonese staple food, may be
are estimated anH nlievea. compecition.c Y
Nguyen, G Q ,,J, ,,558,

Effecnvcuritetionofidle land between rub!

"M e m weplete canopies

e Chi Minh Ciry, Vietnam.

Studies were made m | %.9-

«udiel'ildldrd™ om"es« *jreonr
including t - Kyack yy gnded*rIT "1° A
ma..e, miller

™ g



137.

138.

soyiibeatis, sorghum, groundnuts and cowpeas [V. unguiculata], and cover crops. parcicuUrly
legumes. Eflkts of ferdlizers were analysed, as were returns of the various systems.

Key'words; Black gram; Cropping system; Groundnut; Maize; Rice; Soyabean; Vietnam

{HORTCD 1989-2001/03)

Ngviyen, V T (200!)
Micro phytoclimatic conditions in coffee plantations under influence of the intercropping tree
Science and Technology Journal ofAgriaihure and Rural DeveUopment, 9: 645-646.

A phytoclimatic investigation aimmg at decermining conditions of radiation, humidity and
thermal status in number of coffee plantations under canopics of the trees was earned out
some places in Daclac province. The results showed that trees such as rubber, cinnamon,
cashcw and durian could decrease more than 70 percent of the solar radiation coming to the
coffee canopies, thus decreased strongly the coffee yields. In the coffee plantations with the
intercropping trees, the wind speed was decreased between 41 percent-80 percent; the air
temperature was between 2"C 4 ~ lower and the relative humidity was between 5 percent-15
percent higher in comparison with in pure standing coffee plantations.

Kejrords: Agroclimate; Coffee; Vietnam

(AGRIS 1999-2002/09)

Nilnond. C; Suthipradit, S: Nualsri, L; Edwards, D G; Myers, RJ K and Grundon. N J
(1999)

Management of tropical acid upland soil for sustainable food crop production in southern
Thailand

Thaisournal ofAgriculnmd Science, 32(1): 19-30.

A field trial was conducted in Southern Thailand to develop and evaluate input technologies,
which could be employed for an opportunistic food crop production system on a Typic
Paleudiilts under rainfed conditions. The trial compared ten dififerent input technologies for
mtercropping a rotation of groundnuts, upland rice, super sweet maize [sweet corn] and
mungbean \Vigmi rmUaa] between young rubber [Hevm] trees (or a period of four years
prior to canopy closure. Results indicated that the highest yields of all crops were obtained
in the high i.iput technology which included application of lime and inorganic fertilizers
containing N, P, K and Mg sufficient to meet crop requirements. The low input technology
which applied minimal rates of N, P. K. Ca and Mg resulted in a lower yield, but was
economically sound. Green manure (slashed "4Mutm nchinchinemis. which had received
500 lig/ha rock phosphate once at sowing) did not sustain yields of rice and super sweet
maize. Technologies which did not receive any inorganic fertilizer, viz. usual fiirmers' practices
and organic residues, resulted in comparatively low yields of groundnuts and rice and an
extremely low yield of maize.

Keywords: Cropping system; Groundnut; Maize; Rice; Soil fertility; Sweet corn; Thailand
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Nogueira. O L; De Conto. AJ; Calzavara,'B B G; Teixeira. L B; Kato, O R and Dc
Oliveira, RF (1991

R«:onimendations for the culrivation of perennial species in mixed systems.

Documrntos Centrode Pesqum A”opecuaria do Tropica Umedo. No, 56, EMBRAPA, CPATU
Bdcm, Brazil, 61p.

The systems investigated in this Brazilian study are: rubber \Jievea hrasiliensis], cocoa
[Theobromi cafdo] and bananas [Musa] intercropped %vith maize [Zea mays] and cowpcas
IV/gTta unguiculaia]-, rubber, black pepper [Pipernigmm] and cocoa with maize and colvpe.is;
rubber and iirucu [Bixa orelbna] (cocoa can be used as a substitute if the urucii fails) with
niaize and cowpcas; urucu and maracuja [passion fruit, Pnssiflora. edulis] with maize and
cowpeas; citrus fruits (orange, lemon or tangerine) and maracuja with maize and cowpeas;
cupuacu [TheohromagrandifhruTfi]. pupiinha [Bactrisgasipaes] and bananas with maize and
coi”peas; and (7) cupuacu. acai [EuterpeoUraea] and bananas widi maize. Details o f cuhurai
operations, management and yields arc given.

Keywords: Cowpea; Food crop; Maize; Pepper; Urucu; Brazil

(HORTCD 1989-2001/03)

Obouaycha, S (1992)

Agronomie Africaine, 4(1): 21-33.

were satisfactory, and could be improved by simT ~'1
appropriate plant densities and \cultivation measures. These incliidt-

mlitLance ' Thein IT Jcre /o flt fon
fertility with no adverse effect on the nikKh a slight dechiic in the initial soil
part of the food crops, made through the ,ale of

(ATA No, 9mT 3°™ o | P Smallholding; Ivory Coast

Pathiratna, LSS(1997)

R-can: A potential intercrop under rubber i,, Sri Lanka

M ersp,i ™yr.ritcr“tal,v X 11? -I>ber,
wM less hnt"l

Tpte i" -he tiai r b

«now It iLcltme P->dunkorde,

mmP - i : .
«P'-"«iros,artsn,allscaletrialswit C.cvaid,usand C.ps,,.dom,uh
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m select the most suitable species of rattan as an intercrop under rubber, particularly those tolerate
shade and least compcticive with rubber.

Keywords: Shade; Rattan; Sri 1"nka

Padiiratna, LS S (2001)

Possibilities for intercropping cinnamon under rubber (Hfvea)

SriiMtika CmmU firAptmkum | Reiemh Pdicy Projca Report ,No. 12/378/285, pp.1-22.
Cinnamon was e.stablished alongwith rubber in the same season with different inter row spacmg
for rubber and the first harvest was taken after 2.5 yrs. Imet specif “ “ p'"™ " «

minimal and the per hectare intercropping yield of Cinnamon atout 700 ne™ s
evidence ofintra species competition in cinnamon under the plant density used in this experiment.
The growth ofcinnamon established under mature rubber wasbadly reduced due m

from rubber. There is some indication that the below ground competition from rubber can be
reduced by the addition of high levels of fertili'zer.

Ke)V.'ords; Cinnamon; Smallholding: Sri Lanka

Pathiratna, L S S and Perera, M K P (1996)

Performance of cinnamon and forage grass . tree legume mixtures under rubber (Hevea)
IRRDB Sy,,,po.u,n on F.r.n,,g As,.a. of .he

ofNa“ral Rubber (Hevea
hmsUiemis). 6 November 1996, Beruwela, Sri Unka, pp. 41-45.

Two intercropping systems involving rubber/cinnainon and rubber/fotap grasses/tree legumes
were invest,glted. Cinnamon reached harvesting age 2V/years f

rubber. Cinmimon also perfoimed satisfactorily under mature rubber where ligh

cinnamon was ca. 53% daylight. The yields under jmmature

comparable to that of monocrop cinnamon. Among the two species of gt*ses, die dry matter
(DM) yield of Pamc,,.. was almost double “f f

first tw-o years but the DM yields of both species declined with the growth of rubber trees. T he
gnnvtb and yield of both species of tree It*urnes were poor in

growth of rubber was not affected adversely by these mterctops during the period of study, le,
three and five years with cinnamon and grass respecti\'ely-

Keywords; Cinnamon', Forage grass; Tree legume; Sn Lanka

Pathiratna, L S Sand Pereta, M K P (1998)

E fct of shade on the bark yield components of Cinnamon {a,,.amo.,un, Verum j. Pres)
iniercropped with rubber IH n'ea hrasiUensa MurlL Arg.)

journal o fPLItitmion Crops, 26 (I); 70-73.

In this studv the effect of shade under rubber trees on the componetlts of b~k yield and their
relationship'to bark yield in six monthly coppiced (harmes.«") cinnamon plants
investigated. The results show that though cinnarnon isa full .sunlightcrop “ 6 --h an” tok
yield was not affected under moderate shade. It isalso capable ofatkpting ‘

(21% day light) to maintain higher bark yields. Yet the thickness of bark under thrs I.t> leve was
poor, which may not be very attractive for commercial peeling and making good quality g

™

Keywords: Cinnamon; Shade; Yield; Sri Lanka
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Pathiratna. L S S and Pcrera, M K P (2002)

Contour and east west row planting systemsofrubber forinrercropping: 1 Effects
growth an] yield ot componcnr crops

Jounu!ofthr Rubhrr Research Insiitute o fSri Lanka, 85: 53-61.

Light availability in the inter-row isone ofrhe main constraints to the productivity ofintercro

Easr-~Xcst oriented rubber rows were expccted to allow more light into the inrerrow and th
planting system was compared with contour planted rubber in an experiment involving thr'
species of intercrops viz: coffbe, cinnamon and a grass {Brachiaria bnzantba) The yield o fl
intercrops dedined with time with the increase ofcompetition from rubber. Growth of ruhk.
wa. m thj present ofgrass after rlie rhird year. The yield too was low in grass plot
Grawth and yj™Id of rubber was 6,™ tred by rhe presence of cinnamon as tlic in.erLon
Rrfucnon in the yield of intercrops w.u high and occitrred at an early stage in rows closest

rubber whe”s .t cook 2 2" years for thts to occur in the middle. Yield ofZ a, o” nj

Kev/ords: Cinnamon; Coffee. Grass; Light intensity; Plat,ting density; Yield; Sri Lanka

Padtiratna, L S S Perera, M K P and Wijesuriya, BW (2004)

Natural Rubber Research. 17(2): 150-158.

rubber/cin,am,,,,
experimental design used was conveniLt ® 7-2 to 18.0 m were tested. Tht

tubber canopies in the 7.2 m "d"Tn" - e Closure of

light to 12 percent even in the middle of the im F h J~Mar limited the availabir
ni or more, the middle of the interrow h A eii the interrow spacing was 12
density of hne roots of rubber ST Za” h T 7 p" "8 'S
with narrow interrow .pacings, Z re'T t s f m treatments
distMce from rubber trees. Barkyieldofcinna,, R A T i"crease in
« the next two. Reduction in yield in " ~ r ® ‘WP

narrow interrows. The yield in *e | TrH h “bsetved in treatnienl.
me™ v VacinfThel 7%'T oP" of the fits
w Ad "t to7 e i-®row paerTh

notl fiz f '/ ™ «inable tubber/ cinnamo'i"™™ * of 12 m or mote
Keyw d e

P™ _Ea,dWibawa,G(,95S,
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partly on technical assumptions which should be confirmed by cxpcrimcncation) gives an idea
of the improved economic output which should result from using rubber clones instead of
unselectcd seedlings in jungle rubber. Both NPV and return to Inbourare significantly improved
in Rubber Agro forestry systems (RAS) andTCSDP systems with advantages to RAS in rerms
of income diversification, environmental benefits and return to labour as well as limited
investment during the immature period as compared to TCSDP and for biodiversity
conservation for RAS in particular.

Keywords: Agroforestry; Economic aspect; Rubber based farming system; Indonesia

Pereira. A V; Pereira, E B C; Freitas Filho, J dc Fand Junqueira, N T V (1997)
Rubber in agroforestry systems
Doatmentos Centro de Pesauisa Agropecuaeria dos CGerrados, No. 63, 45 p.

A review is made of agroforestry systems Brazil in which rubber is intercropped with coffee,
cocoa, cirrus species, peppers (pimenteira \PI[EF nIgI‘Ule\), palmyra palm and other plants
requiring little light, and guarana. The role of rubber in rural agroforestry is discussed briefly.

Keywords: Agrolorestry; Cocoa; Coffee: Brazil
{HORTCD 1989-2001/03}

Perera, M B A and Fonseka, ] P (1991)

Assessment of tea in Sri 1"nka

Sri LankaJournal of TeaScience, 59(1): 37-48.

The land use planning project using remote sensing techniques produced district land use
maps at the scale of 1:100 000 showing tea and other major land use areas in Sri Lanka. The
actual tea growing area covers 201 630 ha bur small tea stands (<4ha) are included under
‘homesteads’, and areas in which tea is interplanted witli cocoa, coffee, peppers, coconuts,
rubber and bananas are mapped under ‘Mixed Tea and other Perennial Crops .

Kej-words- Survey: Tea; Sri Lanka
(CAB Abstarcts 199M 992)

Potiy, S N; Kothandaramaii, R and Mathew, M (1980)

Field upkeep

hi: Hattdbaoi; ofNaUiral Rubber Production in India (Ed. P N Radhakrishna Pillai). Rubber
Research Institute of India. Kottayam, India, pp. 145-148,

Chapter nine provides a short account of raising annual food or cash crops alongwith rubber
during the initial years among smallholders in India. Economic aspccts and soil properties are
also discu.ssed. Among the intercrops, ‘ncndran bananawas recommended as the mostsuitable
intercrop besides tapioca, paddy, ginger and grtcn gram.

Keywords: Banana; Ginger; Green gram: Paddy; Tapioca; India

Punnoo,.e, K1 (1990)

Banana intercropping (Maiayalam)
Rubber. 296: 13-14.

Ke)'words: Banana; Kerala; India



Piuuioose, K I (2003)
An updarc ofagromanagcmenr in rubber culrh'arion

In: lobal contetttiventis of Indian Rubhrr Plantatiom Industry: Rubber Planters Gonferen
India2002  C. Kuruvilla Jacob), Rubber Research Insritute of India, Kottayam Ind™
pp. 65-76. .

Inarreecrop like rubber {/"ﬁ\ﬂtﬁﬂ"l’isis)wilh alonggestacion period, adoption ofappropri»
crop management practices is necwsary for achieving a uniform stand oftrees ready for tappin!
in the minimum possible period. The potential of high yielding cloncs can be realized onl!
through scicntifie field management. An attemptis made to update and consolidate the scientisi
practices in various agromanagement aspects wzplanring materials, densit)’ of plantine

iidJl"haX'tion management, intercropping, irrigation and fa”

Kej-words: Agrom 1t; Banana; Medicinal plant; Pineapple; India

Punnoose, K I; Kothandaraman, R; Philip, V and Jessy, M D (2000)
Field upkeep and intercropping

pineapple, coW merdw Tpirntr foTd°rsrM

The Imeporrgance ofinter-row management inLbbe“"h “d, n .
discussed. Priority may be given to these cron njercropping systents is also

paLy;

Pushpara/ah, E and Weng, W P (] 959)

Cultivation of groundnuts and mal.e as Intercrops in rubber

(Cited by MohdY usoff, M N«»/.)

Rajasekharan, P (1989)

‘ 'n“ ™ ™tlon of output prices, TI*
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discounted net income for the first three yearswas worked out at Rs. 22443.48 per heaare. line
average pineapple plane population in ihc first year of planting was 4565 per hectare and the
total yield for the first three years amounted to 31 ronnes. The costofproduction worked our to
1"s.0.57 per kilogramme ofpineapple on cost C basis. The BCR ofthe discounted cash flow was
2.27. Even though the BCR indicates the economic feasibility of investment, this crop lacks
definite policy content. More and more pineapple processing industries need to be set up in
Keralaso as to have much greater value addition within the state itself, resulting in price stabiliry
and a fair share ofconsumer's rupee to the growers.

Keywords; Economic aspect; Family labour: Pineapple; Kottayam; Kerala; India

Rajasekharan, P and Veeraputhran, S (1998)

Multiobjective land use planning model for intercropping in small rubber holdings: A compromise
programming approach

luiiiali Journal of Natural Rubber Research. 11(1/2): 31-37.

A multi objective land use-planning mode! for one-hectare farm was de\'cloped using the
compromise programming approach. Maximization of gross margin and family labour
employment as well as minimization of hired labour and capital borrowing were the objectives
used and die activities (crops) included were banana, tapioca, yam, colocasla, turmeric, ginger
and cowpea.The compromise set of farm plans showed gross margins ranging from Rs. 15691 to
Rs.21250 per ha where different weights were assigned to the four objectives.

Keywords; Family labour; Land utilization; Smallholding; Kerala; India

Rajasekharan, P and Veeraputhran, S (2002)
Adoption of interca>pping in rubber smallholdings in Kerala, India: A tobit anal)*is

Agroforestry Systens, 56(1); 1-11.

Natural rubber {I—Ieveabrasiliersis) isone ot the major plantation crops of the state of Kerala in
India and intercropping is practiced during the initial gestation period o fthe crop. In this paper
atobit model was used to study the decision making behaviour oflarmers in adoption and extent
ofadoption ofintercropping in three regions of Kerala. The availability of famUy labour and the
type ofintercrops were found significant in explaining the adoption behaviour in all three r*ions.
The perception ot profitability ofintercropping was also found to influence decision on adoption.
The probability of adoption of intercropping \vas highest for three intercrops, banana [MJsa
., cassava (Manihot esculnta) and pineapple [Ananas COMDSS). Targeting extension efforts to
groups of farmers with av-ailable family labour and popularising selected intercrops may result in
higher rates ofadoption of intercropping in all three regions of the state.

Keywords: Banana; Cassava; Family labour; Pineapple; Smallholding: Kerala; India

Ridwanand Khatib, W (1999)
Effect of genotype growth and yield of upland rice as an intercropping in rubber planting strip
JurmtlStigma. 7(2): 21-24.

Yield of upland rice in rubber depend on variety and cultural practices technologie-s. The
experiment was carried our at farmers rubber plantation Sitiung, West Sumatra in the ramy
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season 1998/1999 (from November. 1998 to Marcb, 1999). Two ftciors ofcxpenme
amniied in randomized block design in a faciorial with four replicarions. Three varictir/l "™
of upland rice (Jatiluliur. Laul Tawar and GH-Pasaman) as the first factor and two'r’
KCI fertilizer application (0 and 75 %/ba) as the second factor. Objectivesoftheex o er™"
wrre to obscn.-e the effect o fvarieties/lines and KCI fertilizer application on growth ind™j!
ofupland nee as an mtercropping in rubber planting strip. The results showed that latilnl
vAhiet>- a,id Pasaman Ime gave better plant growth, the higher number ofpanicle/hill n,, k!l
ofgram/panide and yield than Uut Tawar upland rice variety. Application of 75 U KCl/k
signtficantly .nct"sed number of grain/pan,cle, filled grain percentage and yield of

nee as an tntercroppmg  rubber planting strip. Yield of upland rice 14.1 percentinert
due to application of 75 kg KCl/ha. mcreast.

Keywords: Growth; Upland rice; Yield; Indonesia

(AGRIS 1999-2002/09)

Rodrigo, L (1989)
Culrivation of banana as an intercrop of rubber plantations

fiaffir/7 R, J,orr Raganh Imtituu ofSri Lanka. 26-1-2

during die immature period in a rubber plantation H
good cultural practices should be adopted This artH T
titat are not been given much attentior~'lo;:rrots

Keywords: Banana; Economic aspect; Sri Unka

Rodrigo, V H L (2000)

PhDThesis, University of Wales UK ’ ofSn U. k.

Water use; Sri Lanka
Rodrigo, VH L (2001)

Rubber-based intercropping systems
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the agronomic feasibility of growing a certain crop given che soil and climatic conditions ofa
particular location (i.e. soil deprh. structure and texture, soil pH. nutrientavailability, nijnfall,
erosion, relative humidity, wind and elevation/tcmj-wrature) and crop-rclated factors (i.e root
and canopy architecture, susceptibility/tolerance to pests and diseases, demand for nutrients,
light requirement. aJlelopathyaad lifecycle), important socioeconomic fectors comprise demand
for produce, marketing/price, capital and maintenance cost, availability of subsidies and loan
schemes, security, labour availability and its requirement, availability of planting materials and
ocher inputs such as local knowledge and skill. The most common crops grown during the
immature phase of rubber arc banana, pineapple, passion fruit, sugar cane and different kinds
of vegetables.

Keywords: Banana; Economic aspect; Family labour; Passion fruit; Pineapple; Sugar cane;
Vegetable; Sri Lanka

Rodrigo.VHL{2002)
Rubber-based intercrops for improved productivit)': The best available today

In: Global Competinveness of Indian Rubber Plantations Industry: Rubber Planters' Conference,
India 2002 (Ed. C. Kuruvilla Jacob). Rubber Research Institute of India, Kottayam, India,
pp. 24-25.

Suitability of crops for intercropping on rubber lands depends not only on agronomic, but
also socio-economic factors. Therefore, this paper aims to discuss the practicality of different
rubber based intercropping systems under Sri Lankan conditions. Most sun-loving short-term
crops are suitable for initial 3-4 years of rubber with banana being the most popular intercrop.
Pineapple, passion fruit, sugarcane and different types of vegetables are grown, should socio-
economic conditions be conductive. Crops that could be established under mature rubber are
limited, eg. cardamom and vanilla. However, shade tolerant crops such as coffee and cocoa
could be grown throughout the lifespan of rubber provided that temporary shades is given
during the early stages. Should economically important sun-loving perennial crops such as tea
and cinnamon, be grown with rubber, the spatial arrangement of planting rubber has to be
;vitcrated compromising the planting density for improved light penetration. However, use ot
such systems may depend on the size of the holding. In addition to the growing of crops
between rubber rows, land use optimization could be achieved by introducing suitable crops
to the boundary of rubber clearing where competition for resources will be minimal. Except
for few, most intercrops facilitated improved growth of rubber and also contributed to social
benefits.

Keywords: Banana; Economic aspect; Land utilization; Passion fruit; Pineapple; Socioeconomics;
Sugiu- cane; Vegetable; Sri Lanka

Rodrigo, V H L; Nugawela, A; Kariyawasam, L S and Aluthhcwage (1988)

Field performance of young cofFee seedlings and cuttings intercropped with rubber

Jonrtud ofthe Rubber Research Institute ofSri Lanka, 68: 45-51

In this study seedlings and cutting.-; onJfﬁacam[*Uraintercrcpped with rubber wenr compared
for their field establishment and growth. It is evident that there is no difFerrnce in the success
lkx.;.. r.-L3 m/Ytaritiomr inoiirc rtfninnfi,. licrhr in r<arrf-i>rinn.



conversion cffittenc)- and rate ofloss ofdn- matter, estimated by total leafarea, C O, assimilatio
rate ami dark rcipiraiori- tare res|iectively, ate also similar in both seedlings and cuttings T *
isconfirmed bv die similar mean lot.il diy weight ofa seedling and a cutting. The partitioni ”
of.issiniilatei is more towards tool development in the cuttings and is evident by the significantb
hiph root dr>-wcighrand die root/shoot ratio. The percenr.igcofassiraiiates partitioning toward
the growth at aer,.d parts is less in the cuttings, i.e.52 and 67% for cuttings and .seedlino,”
irspectively Despite ofsimilar light levels, the C O . assimll,ation rates are lower in the afternoon
m borh seedlings and cuttings. The percentage decline is 23.5 and 18.6% for seedlings
cuttings nrspccrively

Ke>-words: C offc Light intensirii Sri Umlca
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In this regard, intercropping sugarcanc with ruhhcr was used as a tool in the present study.
Sugarcanc was planted in two densities together with immature rubber crop under on-tiirm
conditions in the intermediate zone of Sri Unka and growth and yield parameters were assessed.
The planting density of sugarcane did not affect sugarcane yield per unit length of planting,
hence the highest de.islty tested gave the greatest yield ,er heaare. Either density ofsugarcane
had no adverse effecton the growth ofrubber, instead intercropped rubber showed an improved
performance over the sole crop. Alleviation of radiation stress on photosyndiesis by the partial
shading given by sugarcane was identified as the factor, which governed the better growth of
intercropped rubber. Soda! implications ofthe rubber/sugarcane intercrop are discussed.

Keywords; Agrodimate; Planting density; Sugar cajie; Yield; Sri Unlta

Rodrigo, V H L; Stirling, C M; Silva, T U K and Padiirana, P D (2000)

High density intercropping with banana rcduces die length ofthe immature period of rubber
and increases latex yield

Proceedings ofthe Indotmiau Rubber Gonferenceand IRRDB Sympasium. 12-14 September 2000.
Bogor, Indonesia, pp. 490-500.

The research conducted in Sri Lanka and elsewhere has shown that intercropping does not
alTect the growth ofrubber, indeed growth ofyoung rubber trees is often improved. Few, ifany
studies however have evaluated the long-term effects of intercropping during the immature
phase on growth ofrubber. Intensive intercropping ofrubber with banana results in a sustained
increase in grovtah and yield of rubber trees, as well as reducing the length of the unproductive
immature period. The study was an extension ofthe intercrop experiment described by Rodrigo
etal. (1997) in which rubber was grown either as a sole crop (R), or intercrop comprising an
additive series ofone (BR), two (BBR) or three (BBBR) rows of banana to one row of rubber.
Intercropping had a positive effect on the growth of rubber throughout the six years of the
study, with the result that trees in the intercrop treatment were ready for rapping six months
earlier than in the sole crop. Whilst girth and height were greater in the intercrops, bark
thickness was similar to that of the sole crop. Treatments had no affect on latex yield per plant,
bur yield per hectare was greater in the intercrop than sole crop treatments due to a greater
number oftappabie trees. Results are discussed in terms of the socioeconomic implications br
smallholder rubber growers.

Keywords: Banana; Economic aspect; Socioeconomics; Smallholding; Yield; Sri Lanka

Rodrigo, V H L; Stirling, C M; Samarasekera: Kariyawasam, L S and Pathiraiia, P D (2000)

Agronomic and economic benefits of high-density banana intercropping during the immature
period of rubber with particular emphasis on smallholders

Journal ofthe Rubber Research Institute ofSri Lankd, 8.~ 30-48.

Intercropping with short duration crops alleviates the problem ol no income during the
mimature period of the rubber crop. Banana is an important crop in this context and its
present recommendations in Sri 1"nka in planting density appear to bcsuboptimaJ for rubber/
banana intercropping. This study evaluates the effects of planting ofbanana wich respect to
resource use and productivity on immature rubber lands. Field trials were conducted at two
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liK-alions witli a Ijrpc-itjle cxpetiniem (5 Iu) and a small scalc irial (Iba). There were fi
trtatmcius comprising sole crops rubber (R1and banana (B) and three intercrops consisri
ofan additive series ofone (BR), two (BBR) and three (BBBR) rows ofbanana to one row"r
n.bber Biomass producrivit,- and leaf area index showed a steady increase with incrca.i
plantnig densrty in the rtibber/banana intercrop. There was no identification ofanv necati?
effect of mutual shading on either crop; indeed growth was enhanced, resulting in a 4

36 % increase m biomass per plan, of rubber and banana respectively, in the high Jen u
BBBR relative to the single tow BR intercrop. As a result, the Land equivalent ratio (Lb
for biomass increased by 76% from the BR to BBBR intercrop. Because treatments ht
signihcant effect on bunch yield per banana plant or harvested percentage, yield per beer
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recommendations for chemical inputs need to be addressed in order to bring initial costs
down to a sustainable level for smallholders.

Keywords: Banana; Planting density; Smallholding; Socioeconomics; Survey-; Sri Lanka

Rodrigo, V H L; Stirling, C M; TekJehaimajiot, Z and Nugawela, A (2001)

Intercropping with banana to improve fractional interception and radiation use efficiency
of immature rubber plantations

fielJ Crops Research. 69; 237-249.

To evaluate current recommendations for intercropping rubber in Sri Lanka, the effects ofa
range of planting densities ofbanana were assessed, in this paper, the hypothesis that rubber/
banana intercropping, even at high densities of banana, results in an increase in biomass
per unir land area and per crop plant due to an increase in both radiation capture and
radiacion*use efficiency was tested. Five treatments were imposed: sole crop rubber (R); sole
crop banana (B); and three intercrop treatments comprising and additive series ofone (BR),
two (BBR) and three (BBBR) rows of banana to one row of rubber Dry matter production
in the rubber-based treatments was directly related to planting densic)', being least in the
sole rubber and greatest in BBBR intercrop. A more than four-fold increase in dry matter
across treatments derived from an increase not only in light capture (270) but also radiation-
use coefficiency (RUE. 230). Neither R nor BR treatment, which is currently rccommendcd
for intercropping in Sri Lanka, achieved full ground cover with fractional interception
remaining below 40 and 30, respectively. Fractional interception was greatest in BBBR
treatment and by the end ofthe measurement period, total intercepted radiation was 23 and
73 greater than that in the BBR and BR intercrops, respectively. Shade did not limit either
photosynthesis or grov*ah of component crops in the intercrops, even when planting density
of banana was increased three-fold. Intercropping increased growth of both rubber and
banana components suggesting that sh.ide associated with the denser intercrop canopies,
modenited that microclimate and alleviated plant stress. These results highlight the potential
gains that can be made by intercropping and optimizing planting density for improved
resource capture in immature rubber plantations.

Keywords; Banana; Light intensity; Planting density; Sri Lanka

Rodrigo, V H L; Thenakoon, S and Stirling, C M (2001)

Priorities and objectives of smallholder rubber growers and the contribution of
intercropping to livelihood strategies: A case study from Sri Lanka

Qutlook Q7 Agriculture, 30 (4): 261-266.

A case study is used to illustrate the agronomic and socioeconomic complexity of
smallholder cropping systems in Sri Lanka and how rubber, and in particular the
intercropping of immature rubber, has contributed to improving rural livelihoods through
raising household income and capital assets. Smallholder cropping systems arc extremely
diverse and what appeared initially as random planting was seen to be anythmg but, with
planting arrangements based on a thorough knowledge of local soil and niicrodimate
conditions, as well as on the specific needs of the household. The potential benefits of
intercropninL' immature rubber are discussed and the authors show how the more hberal



artuudc towards iiuercroppjng within the rubber extension serWcc has impacted posirivdy oti
rhf liveiihood-s o fsmallholder farmers. A caih flow was constructed for die liouschoid. indicatin
that over two-tliirdi ol annua] houselJiold income was derived from on farm activiries, witli 70
of this from intercropping on immature rubber land, 'flie benefits of rubber intercroppine to
income generation, Lind tenure and upkeep ofimmnture rubber lands are discussed wirlun the
context not only of the smallholder, but also in terms of the estate sector.

M rantr systems Economic aipect; Smallholding; U nd ..tili*jition;
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despite chc advantage ofhaving the highest establishment rate, Alstonia showed a competitive
effect on growth and yield of rubber if both crops arc planted together, tstablishnicnt of
Mahogany was successful under the shade of rubber, however it was nor the case for Alstonia. In
order to minimize competition on rubber, it is suggested ro plant timber crops allowing frtst
2-3 years for the establishment of rubber. The paired row system of planting facilitated the
csrablishment timber crops even at later stage, however this system must be improved in order
ro minimize the inter-spccific competition of rubber. No clear competitive effect on rubber
was found, if timber trees are grown either along the boundaries or in the vacant patches of
mature rubber clearings indicating why growers in their own have established these systems.

Keywords: Alstonia; Mahogany; Planting density; Timber plantation; Sri Lanka

Rodrigo, V H L; Stirling, C M; Thenakoon, S; Senevirathna, AM W Kand Pathirana, P D
(2003)

Technology refmement of rubber/ banana intercropping using a farmer participatory approach
Tropical Agricultural Research and Extension, 6; 77-84.

On-farm adoption ofthe technologies developed under on-station conditions has been below
expectations, demanding technology refinement in accordance with the requirements of end-
user farmers. However, assessment of farmers' needs and subsequentadjustmentofthe technology
are time consuming compared with that of direcr recommendations, which have often been
practiced. The study reported here was on the rcchnology refmement of rubber/banana
intercropping and identification ofissues related ro rubber cultivation at die smallholder level in
Sri Lanka. Planting of a single row of banana between r"o rubber rows had initially been
recommended in rubber/banana intercropping, however, an on-station experiment showed that
planting densit}- of banana with rubber could be increased threefold without any deleterious
effect on either crop. Based on some preliminar)’observ'ations on farmers needs, a series of on-
f,\rm experiments were set up in four villages in both the wet and intermediate zones of Sn
Lanka. Borh biophysical factors on plant growth and socio-cultural effects m the rural context
were also taken into consideration. Finally, the observations made by scientists were verified
through a farmer participated central workshop. Selection of rubber by the smallholders was
driven by two main benefits, firstly as a long-term income source and secondly to secure land
ownership. Intercropping was a practical measure to generate income during the early sta” of
rubber cultivation, particularly in the intermediate zone where farmers depend more on on-m
chan off-farm activities. The extension services on rubber were not up to expectations of the
farmers. In addition to the market factors, crop selection of intercropping was based on the
incomc level of fu'mers and availabilit)- of family labour. Among the systems tested, mo-mw
planting system for bananawith rubber was found to be the mostsuitable sv*wm forsm o ers.

Keywords; Bnnana; Economic iispect; Family labour; Planting Jemity; Smallhoiaing; Sri Unka

Rodrigo, V H L; Silva, T 13 K and Munasinghe, E S (2004)

Iraprov.ng the spatial arrange,nent of planting rtibbcr (//« « haaliauk Mudl. Arg.) for long?
term intercropping

f-'M Crops Research.” in

Fluctu;,tion ,n rubber prices has been a serious problem to growers
economicallv iinnorr.inr 'rnn.; offers a oractical solution to this issue w i st in
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has demonstrated that the growth of young rubber trees is unaffected by the presence of an
intercrop. This study demonstrates for the first time that intensive intercropping ofyoung
rubber with banana may result not only in a sustained increase in growdi and vield of
rubber trees bur also a reduction in the length of the unproductive immature phase. Rubber
was grown either as a sole crop, or intercropped for the first four years with banana. The
intcrcrop comprised an additive series of one, two or three rows of banana to one row of
rubber. Growth of rubber was monitored for six years, i.e. up to the time that tapping of
rubber latex began and logistic growth function was fitted to girth data in order to assess
growth. Intercropping had a positive effect on the growth of rubber throughout the six years
of the study, with the result that tree in the intercrop treatment were ready for tapping four
months earlier than in the sole crop. W hilst girth and height were greater in the intercrops,
bark thickness was similar to that of the sole crops. Intercrop treatments had no effect on
latex yield per plant, but yield per hectare was greater in the intercrop than sole crop intercrop
treatment

Key-words: Banana; Growch; Yield; Sri Lanka

Rodrigo, V H L; Stirling, C M; Teklehainianot, Z; Samarasekera, R K and Pathirana, P D
(2005)

Inrcrplancing banana ar high densities with immature rubber crop for improved water use

Agronomyfor Sustainable Development, 25(1): 75-54.

Consumptive water use of rhe rubber {l‘blﬁa"r«wzl:>w«)/banana intercropping systems was
assessed in Ratnapura, Sri Lanka. Five systems were tested; sole rubber (R) and banana (B)
crops and tliree intercrops comprising additive series ofone (BR), t"vo(BBR) and three (BBBR)
rows of banana to one row of rubber. Planting density- of rubber remained constant across the
treatments, hence rhe rate oftranspiration associated closely with the planting density o fbanana
with ca. 140% increa.sed from banana-rubber to banana-banana-banana-rubber intercrops.
Although water use efficiency (W UE) atwhole stand basis was comparable among treatments,
WUE component rubber during the latter part of the experiment increased by 118% in
intercrops compared to chat of the sole crop. Amount ofwater transpired even in the banana-
banana-banana-rubber intercrops was small by comparison to the water received from rainfall,
hence in wet tropics with heavy rainfall, agricultural systems should be designed to enhance
the productivity through increase water use with less emphasi.s on WUE.

Kewords: Banana; Planting dcnsit)'; Water use; Sri Lanka

(CAB Abstarcts 2005/01-2005/09)

Rodrigues, FA and Hernandez, I>L (1998)

Evaluatii)n ol planting distance for Chamaedor” palm under rubber trees

Scientific Technological Agricultund, Horestryand Husbandry hAeeting: Proceeding, 3-4 December
5*1\98, Huimanguiillo, Mexico. 399p-

Keywords: Chamaedorea palm; Mexico
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Roy, S; Raj, S; Choiidhury, M; Dey, S K and Na2eer. M A (2001)
Intercropping of banana and pineapple in rubber plantations in Tripura
hidictnJournal of Natural Rubber Research, 14(2): 152-158.

The effect of two cropping systems involving two intercrops, banana and pineapple on
soil chemical properties, growth of rubber, biomass production, nutrient recycling,
productivity and returns was investigated during the firsr four years (1996-97 to 1999-
2000) growth period of rubber in North-Eastern India, Agarrala. Tripura. In the first
system (Model 1), intcrcrop strip consisting of five rows of pineapple and two rows of
banana was planted in between four strips of rubber with a stand of 550 rubber plants per
ha and in the second system (Model 11), one of banana and two rows of pineapple were
planted in alternate gaps with 470 rubber plants per ha. Continued fertilizer use under
these two systems showed increase in available phosphorus and calcium. The growth of
rubber was better and biomass production as well as nutrient recycling was higher in
Model 1. High yield and benefit: cost ratio of banana and pineapple established the
economic feasibility of growing these intercrops. The maximization of yield and returns
from the intercrops was possible by increasing che plant densicj' (as in Model 1) without
adversely affecting tiie soil properties.

Kej'words; Banana; Economic aspect; Non traditional region; Pineapple; Tripura: India

Roy. S; Clioudhury, M; Dey, S Kand Pal. T K(2001)

A preliminary srudy on kharif crop cultivation under rubber based cropping system in
Tripura

National Seminar on Approachesfar IncreasingAgricuitural Produciiuity in Hilland Mountain
Ecosystem, 2001, Umiam, Meghalya, India

Keywords; Kharif crop; Non traditional region; North eastern region; Tripura; India

Roy, S; Choiidhury. M; Dey, S K and Pal, T K (2004)

Intercropping of arable crops for higher monetary’ returns from an immature rubber
plantation in Tripura

Natural Rubber Research. 17{1): 91-94.

Among five intcrcrops tried in a rubber plantation in Tripura, net return was maximum
for ginger, though it required higher initial investment. Groundnut generated low net
tecurn considering the initial investment but the employment requirement was very high
and may be suitable only for farms maintained on family labour. The pulse crop, pigeon
pea, required less invcsinieni with high returns and can suit low to moderate mput
situations. Sesanunn with less initial investment also suits local low-input situations.
Turmeric intercropping required hi~ investment but the profit was low. While organic
«rbon content in soil increased under ginger, sesamum and turmeric inrercroppmg,
Yivailable P and K increased only with ginger.

Kc>nvords: Econoiuic aspect: Ginger; Groundnut; Pigeon pea; Sesamum; Turmcric; Tripura;
Indi:\
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Roysid, M J and Wibawa, G 0996)

Farmersrapericnct in integrated rubber firnnngsystem witli UncariaganhirmSOum Sumatra
jud West Sumatra (Indonesia)

Xdara lhisat Perelitian Kartt, 15(i): +48-56.
Ke>-\s'ords: Farming sj-scem: Urmriaganbir, Sumacr.v, Indonesia
(AGRIS 1999-2002/09}

RRIC(1941)
Cuirivacion of food crops in )«ung rubber areas
Advisory Circular Geylon Rubber Research Schene, 15- 2

In order ro make fiili use ofyoung rubber areas up ro 2 years old for food crop growing, the
authorities rccommend a regular cropping rotation for which they advise 24 named plants,
stipulating that no food plant shall be grown witliin 4 feet ofany rubber plantand that certain
other named soil-conserving operations shall be carried out.

Keyw'ords; Food crop; Ceylon

(BPPM Abstract Bibliography of HAEarubber: V2, 1970)
RR[M(1967)

A new look at intercropping

Planters Bulletin. 89: 53-54.

Keywords: Cash crop; Economic aspect; Malaysia

RR1M(1972)

Banana and tapioca as intcrcrops in immature rubber

Plarters’Bullin. 123: 203-212.

Ipir'tX Tar.Tr/r'l »f inrercroppi,e rubber with bananas and
widely grow tfArous”, T intercropping in rubber. Banana is more
inrroTwhet pT,raitti? ™" | &ctoties and
éré\;er&rﬂ)g%q_cto@gares favoLabiyw?®inX [.éierAtate practices of maintainmg pure legume
tern, ba..s, the heasy nutrient drainage and tS e tse IfrT PrefirsWc on ashort-
pariiculady'onalong-tcrm b«i<;r*nr,-Jk = adverse effect on rubber growth by tapioca,
cannot be recommended generally * Ananferoppmg rubber with tapioca therefore

Keywords: Banana; Tap.oca; Malaysia
RR1M(1973)

Intetctopping with annual crops in inrmaturc rubber

Planters BuLHirT. 126: 85-92.

-d mai«. Such i">«cr,tptagTfatle"olt?ArgTANAAAA groundnuts
gently undulatmg land, and ‘the rubber



planted cast- west to minimize its shading effect, A spacing of 30x 10 or 30 s 9 ft
oramcnded and fcrtiliier programmes ate suggested. W hen three year intercrop rotations
reals to cereals, legumes to legumes, and legumes to cereals were compared with a
*Nrol of leguminous covers for their effect on the girth ofyoung rubber the average girth
~ettercropped plots was slightly greater and the best growth was recorded in the legume
"rion sequerrce (soyabeans to groundnuts). Crop rotation in intercropping would result
'"'w advantages of maintaining soil fertility as well as reducing pests and diseases. A crop
"ration sequence from legumes to legumes (soya bean to groundnut) or from legumes to
™ereals (groundnut to maize) would be an appropriate combination. Both groundnut and
are suitable for intercropping between rubber during the immature per.od and give a
cash relief before the rubber starts to yield. Successful implementatron of
iTtercropping would be of particular importance to the smallholdings with regard to
replanting.

Keywords: Cropping system; Groundnut; Maize; Smallholding; Soyabean; Und uulization;
Malaysia

RRIM (1975)

ajanus cajamNew legume cover crop

137: 51-52.

varieties of Cajanus caja,. (L) were evaluated at the stem

Further development of this crop is being conducted.

Keywords; Cajmus cajan Cover crop; Malaysia

RR1SL(2001)

Institute of Sri Lanka.l 3 p.

The recognized advantages associated with mixed
rubber also. The major advantages of intercroppmg
improved total yield and economic return;

ofincomc; reduced susceptibility to market ‘ efficient use of nutrients.
diseases and reduced dependency on fernirzerinp income during the immature

produce and seasonal spread
josses due to pests and

intercropping in rubber 8= " -- :7b, . Selecri™ of crops for
unproductive period of rubber, and ithnpro g .inoDV architecture, complete

intercropping shotdd be based on planrfirctors like root™Ww

for rc.source and factors such as sod type, £ a variety ofcrops like banana.
demand for production, marketability, labour avala * ’ L-sg Cardamom, vanilla.
pineapple, sugarcane, etc. can be grown during the immature phase.
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192.

193-

194,

195.

Ruhbor Rased Farming Sysrcrm

ratun, coffw and cocoa can be grown during mature phase, B>sending iht- plaiiritig dL-nsic)'of
rubber, crops like tea. cinnamon and pepper can also be accommodalcd as intercrops
Ke>"ords; Eknana; Cafdamom: Cinnanioii; Cocoa; Coffee; Passion fruit; Pepper; Pineapple-,
Rattan; Rubber based forming s)'stem; Sugar cane; Tea; Vanila; Sri Lanka

RRITI19"4)

Report on a surx-cy of iiuercropping in immature rubber preliminary table: Part 11, Rubber
Research Centre, Har Yai. Thailand, Document. 48. 25p.

This prelimiriar>- njpon oudines the results of a survey of intercropping in immature rubber
repiantings conducted during 1970-197), Data on die extentand economics of intercropping in
immature rubber on STnallholdings in Thailand were coileaed. The holdings visited were selected
on the basis of the intercrop grown, the area intercropped, whedier grown for sale or homt
consumption and date of harvest. Tlie crops found to be of major imponance in preliminatv
studies arc upland rice, pineapples, banana, peanuts, maize, tobacco, sweet potatoes, chillies an*
watermeioa In the fmal andj-sis no holdings growing chillies or watermelon are included in the
cabularions.Thus the report summarizes the tabulated data of)acld, labour and inputs and income.

Ktywords: Economic aspect; Family labour; Food crop; Yield; Thailand

RR1T(2000)

Planting cardamom as an intercrop in rubber plantation
RRIT. Departmfut of Agricuiture, Dommenl. No. 3, Thailand
Ke~words: Cardamom; Thailand

(Cited by Buranatham, W.)

RRIT (2000)
Planting Gtkmus intercrop in rubber plantation
m j. Depmm,fAgHclt,,,. Darumm. No. 5, Thailand
Kiywortls; ranw Thailand

(Cited by Buranatlum. W.)

Rubber Midiram (2001)

Intact*p,, Multicrop. Part Il (Malaydam)
fiubber Muhram, 3(2); 24-26
Keywords: Multiple cropping; India

Saim Pierre, C (1991)
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17,

anti ill ti low la'1‘1 »n‘l“ Wghlan.l linuu villaj;c. Agroforestry pnctias on the siatc
riibbci' farms have not been dcvcloptiil as much as in tlic other main rubber producing area in
China (Maiium); rhc main pracciccs undertaken are (private) planting of pineapple and tea
(Caniﬂliasinersiswr. assamica) under the rubber trees. The Dai comniunit>' has several fanning
systems; staple crops (mainly ricc in flat valley paddy Fields); rubber plantations (grown by 50%0
ol'faniilies) which arc undcrpLinted viHth pineapple and te-aand used for grazing by water buifalocs-.
che incdicinal cash crop Amomum vilbsum, which is cultivated in tdwegs [areas clearcd of
undergrowth] in rhe forest; multi-layered home gardens; taungya (which develops into vwodlots)
wvith QJSiI! sitwiea for fuelwood production; pure bamboo plots; protected sacred forest; and
collective forest where timber cutting is regulated. The cultivation cycle is long (three year of rice
as staple crop, 1ofcorn as cash crop, or more in fertile plots) and the fallow period has dropped
from 13-“0 seven year (in 1989-90). There are ver>'small areas of paddy fields.
Tea is planted in the forest and talwegs are planted with A villosum A table is given showing
indigenous woody species under cultivation in agroforestry systems in Xishuangbanna, and their
uses/rhc traditional Dai and Jinuo agroforestry systems are under threat because ofan extension
ofrhe monetary- economy ofthe area based on rubber tapping and the harvesting of/I. villosum
Various outcomes of this situation are possible and these are briefly discussed; they includc the
development ofnew agroforestrv'systems, and an extension ofagroforestry s>'stems under rubber
and of the cultivation of A villosumin the forest.

Ke>'words; Agroforestr)-, Medicinal plant; Pineapple; Survey; Tea; Yunnan; China

Salgado, J S and Marques, P C {1984)
Selection of legumes for intercropping with rubber
Pestpisa tm Andamento, 22; 6.

In Lfield tri.il in 1983-84 at Fundao, (a) Cajanus mjati (o) Immma Uucociphaltacv. Pm (0)
Tephrosiasp., (d) GmmaHapamguiymse xnA (c) Calopogvmum were sown betwwn
rowsof « « « bmMilicuk The details such as the number ofdays from sowing to (lowermg, plant
height four months after sowing, and above ground ftesh weight are presented. Data on mot
density (cm/cm3) and apparent density (g/cm3) at 0-29 and 20-50 c¢m are similar tor all spp.

Ke)Avords; Cajanus cajati: Legume; Brazil
(HORTCD 1973-1988)

Salieh, M N and Aminuddin, M (1986)
Rattan as a supplementary crop in rubber plantations

Promding, of the Rnhhtf Rfstarch Institute of Mdayna: RM tr Cnuitn Co%jirtner.
20-22 October 198b, Parak, Malaysia, pp. 261-273.

1'hc most important species of rattan, are CAUIMUS mManan (rotan manau). a
mm diameter and C.vL ", (Rotan sega) a small cane of <18 mm
due to over-exploitation in their natural hah,,t.

being initiated and such plantings arc carried out iii logg”

~orests. Another approach is to establish Roian manau in ni
rubber trees.

Jepk-tion
iriX s-iid;.»

..,i0NS between rowsof

lerpa = jntrease the

The main objective of planting Rotan manau im er r

income of rubber smallh.>Ider,s through greater utilization ot tlieir lano
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natural sf:Ue requires tree crops for sliolrcr and support, which can he provided by ruhbf
rrees. indeed, tiiflifid are,i under mature rubber iscurrently under-utilized for >uiyecononii!
crop, and rati.in offers rlie opportunity to utiliZe this area for economic gain. Li.xperinienti!
triii” in Dengkil. Selangor wcro est;ib)istied in 1980 b)' planting tiine month-old secdl”

of .Rcitan manau in between mature riibber trees (thirteen years’ old). Survival .uul growffe
ofthe plants have been encouraging. Five yearSafter planting, survival was 76.2% and d
mean stem length was about 150 cm. The growth rate of 30 cm per year for the earl
establishment phase was better than growth figures obtained froni irials in forc.sc areas
Based upoji other research, Roran manau can grow at an average rate of 1-3 ni per year
Taking the lower conservative growth hm itofl m peryear, it can reach harvestable age after
rwelve years, at winch time it could produce three mature sticks of cane cach of 3 min
length. It i, estimated thnt the top 25% of the plant would be immature and cannoi bt
utilized. Assuming an average final density of .MO plants per hectare, rhe cxpected yield
would be 900 sticks ofcane. The current price ofa3 m canc of Rotan manau is 3-ringfiite,.
farm. Harvesting is planned to take place during felling of rubber trees for re-plantine Tlic
advantages for the smallholder are that establishment cost is low, care and maintenance

3 3 v in«™op with rubber, return ,,,

Ke;-wordsi Economic aspect; Land utilization; Rattan; Malaysia

Samarappuli, L; Yogaratnan,. N; Karunadasa, P and Mi.rasena, U (1997)

~ana”“ment of tree legume Kighet productivity in rubber plantations

“ Idfsnu t @ « | " om
of the soil wa. cleIX Show by Xe «ocr'im carbon coiuent
and penetrometer resistance were akr. r n poros'ty. lower bulk denNifV/
was generally higher in tree legume oltm " T plots- Soil moisture conreiu
that the root den.sity was improved bv m M « nieasurcmenrs made. ij\dic.itc
v omtg ‘m-"llfferenisoil managememg racte? " ‘PP P- FurHrermore,
htghes, growtl, >« tested, tree legumes (mulched) exhibited the

W inous coversotnaturals. FI"L g.1ZZ/c"",

as tree legume f . a n d liphro”i, vofdKl
-bterp antsaiid which would provi' | 6n°A" —cecessfully between the rows of
.1 during theearlv Although the growth
»I>P".gs Jtil'g thetrrtA”"" pi"n'AAridrm "7

........... ss.i3 “:™2
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Santosa, K; Sugiyama, N; Hikosaka, S; Takano, T and Kubota, N (2005)

Intercropping pracEiccs in cocao, rubber and timber plaiuations in West Java, Indonesia
fapaneicJournal o f Tropical A*iaihnre, 49(1): 21-22.

Intercropping practices in cacao (Theobroma cacao) (Rajamandala plantation in Bandung
di«rict), rubber (Cikkiimpay plantation in Purwakarta district) and teak (Piirwakarta and
Sumedang plantations) plantations in WestJava. Indonesia, were studied in 2003. Interviews
with managers and farmers revealed ibat plantation companies allowed farmers to cultivate
crops for ihrcc-four years after rree cutting (such as in the Purwakarta plantation where
mahogany (Swietenia sp.) and pine seedlings intercropped with banana and pineapple were
grown, and in the Sumedang plantation where teak trees were intercropjjed with tobacco),
1‘hus. the farmers changcd lands every three-four years. Each farmer managed 0.23 and 0.06
ha in the Cikumpay and Rajaniaridala plantations, respectively. In the Sumedang and
Purwakarta plantations, larger farm areas (0.44 and 0.65 ha per farmer) were cultivated, Afttr
burning, the farmers ploughed the land, built tcrraces and furrows, and mulched the soil with
plant residues. The companies usually planted tree seedlings either in the same year as cutting
orone year after cutting. M ost farmers decided which crops to grow b;ised on crop proficabilir)-
.ind marketability. However, in the Rajamandala plantaion, crop selection was mainly based
on company regulations or the fiirmcr's preferences for daily consumption. Farmers earned
57-72% oftheirincome through intercropping activities. In the Sumedang plantation, brmers
stayed in the farm for 7-20 day per month in temporary huts, in the Purwakarta plantaion.
farmers visited rheir farms only !-4 times during the growing season until ethephon appiicaxion.
after which sub.sequent visits were 1-4 times per month.

Key-words: Cocoa; Economic aspect; Timber plantation; Java; Indonesia

(CAB Abstracts)

Sathik. M B M; Panikkar, P K S; Vija)*umar, K R and Sethuraj, M R (1994)
Intercropping of medicinal plants in mature rubber: Possibilities

S,num,r o,, PosMUtie, of Intercropping Mcdiamll Pknt, m Mam,, Rubber, 20 December
1994, Kottayam, India.

Possibilitieswere explored in 1987-88 for growing medicinal plants as intercrops in the matu”

plantations. Out of the 41 species tried six commercially importMt spec.es, »
(Karimkurinji), A M a vaum (valia adalodakam), Ad.mda

adalodakam), Flumhago rosea (Chethikodnveli), Alp,uulalana (Aratha),

rotumla (ChengaiUunecrki/lurigu) were idennfied to be suita e or j

rubber plantations. Many of the medicinal herbs may not grow well under "~bber shad-

whereas shrub species perforn, better. Most of the medicinal pla,m -

shadcc,ndnio,?prop:,ateve,etativel,Seedsseldomgerm.n«r"AA

Structure with good drainage to avoid w.itcr logging. Plai « A

" i nlatirine and
iurvive the sudden exposure to sunlight durin

1 ‘-9 Fprogramme should
harvesting of medicinal plants could cause soil disturbance, t epa A~

be limited to flat or ,enrle slope areas. In plantations with A, rfe

™tld only be grow”, if the land is terraced and

slope area.s biological bund may be made below the incerpbnti g.
StTobibvthes maybe planted on the bund in twostaggt'red rows

» thrilope. Cubing-
intercropping



Plumbago rosfi/. Adaiodti vaskaand  Strobilauthm hdtuiaiius in inariire rubber p|

recommencicd. 'I'lif procedures for intercropping rliesc species arc also given.

KcTO'ords: Aratha. Cl,mgazhu,eerki,hangiK Cheirya ad,.lodakam Ec,m,,ni, ,
K.-irimltunnji; Mcdicilial jiljnt; adalodakam; Kerala; India

201, Sathik, M 1! M; Panikkar, P K S. Vijayakumar, K R aad Sethuraj, M R (1995,

Intercropping of medicinal planis in mature rubher plantations

™ 30 Dccenaber .994 -1Ja,,.,
Keyiv-ords; Economic aspect; Medicinal plant; Kerala; India
202, Senanayake.YDAN968)

ERICTBUI[WH 3(4}: 99-j 13.

Keywords: Food crop; Pineapple; Sri Lanka

- rubber land: A viewpoin,

203, Senanayake, YDA(1976)

~alddin: A .ultirole second crop for rnbbet

>J"*"*HA--rchinsu,ulUafSr,UnkaBulle,,,,. U: ,6-23,

future becausL Cn”3uirXe abit"’
ammo acid composition seeds, compared fain, | "ep
crop in to rubber smallholdings tL "
"ptt— -tl. this crop asa

-b»t, e forthe traditional cover op a a

™ tber plantings, 'HKrcrop or even as a supplenrentary crop

Scnevjrathna., AMWhr. c,: |-

I'D (2002) ”8'~ M; Rodrigo, V H L- Kt i .
., N K - > " “-'«Hlake, P KW and Pathirana,

shade important lo rubber base, [}
Plan, ki | i fo» i "' > 33SsT.T™ A" consisting
°f both rubb’ , N*crio'i in inconiiiig

"creasing shade, Both'rubL" |

“” Pcc.«clearareaa d*°wedcl™ ’ ‘I™creased with

pren o« -crease

l«f-eightrat™ ™
' perrmeritg'-felilorophylitothe

wpon
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light harvesting complexes (as tndicared by ihe decline in chlorophyll a/b ratio). Th«sc shade
adaptations of both crops would account, in part, for the improved growth of banana and
riibbLTwhen intercropped,

Keywords; Banana; Dry matter partitioning; Growth; Shade; Sri Lanka

Scnevirathna, AM W K; Stirling, CM ; Rodrigo, VH L; KanmathUake, P KW andPathirana,
p D (2002)

Is shade important to rubber based cropping systems? Part 2. Photosynthetic performance of
rubber and banana under natural shade

Journal ofthe Rubber Research Institute ofSri Lanka, 85: 39-52-

Shade effects on photosynthettc performance ofrubber and banana were studied under natural
shade established in an existing mature rubber plantation. Four treatments were imposed
consisting of an unshaded control and three levels of shade with a 33, 55 and 77% reduction
in incoming radiation. Chlorophyll fluorescence revealed no evidence of sustained
protoninhibitory damage to photosynthesis under high light conditions in either banana or
rubber Short-term dynamic photoinhibidon resulted in a reduction in photosynthetic efficiency
during the central hours ofthe day in unshaded plants ofboth crops. Dmamic photoinhibition
ofboth rubberand banana decreased with increasing shade, with the greatest depression .n \Y/
Fm occurring during the central hours of day. Although shade levels given were large enough
@reduce the rate of CO assimilation ofboth rubberand banana, reduced mcidence of dynamic
photoinhibition in both crops under shade would account, in part, for the improved growth
ofbanana and rubber when intercropped.

Kej-word-s: Banana; CO” assimilation; Photoinhibition; Photosynthesis; Shade; Sn Lanka

Simon, PC (1992)
SuHeson intervroppn®in rubberpUntation ivithgingr. plantain amigtngrify w Taliparanba Tah
Disscratinn, P G in NaturJ Rubber iW uction, Kerala Agricultural Universiry. 1 hr,ssur,
India, 37p.

The siudy investigates the econgmics of intercroppin lantain
r‘.bbcrsnxuho ginggstl,,Taliparam ara?u?waerala\.%)d,g.Amo,,grhetl,r«m«r*M p’\p’”‘R"

i - n .

was rhe best followed by gingelly and ginger. Plantain gave the

IW ,n wt. found suiraWe in ..infed areas whereas nenedran tn

three .nrercrops, gingelly has the leastcostofproduction and p«vents

Evcndtougb gtngeriL iro p gave no profit, growth ofrubber plantar.on found to be

9
by ginger intercropping.
Keywrods: Economic aspect; Gingelly, Ginger; Plintam, Taliparamba, Ke
Singh, K A (1999) . -
Resource managementand productivity enhancement through agrolorestr,- in t e eastern
agro-ecosysrenis of India
hidianjournal of AgrQfortstry,\{.\\.\y*- cllimiced
At, unbalanced and unsustainable form ofshort-cyck. hill slop«

Opportunity to expand arable lands and chcir mec anize >



ncccssiiates u grefater inicr-'cnrion rimiugh agro fbrestr)' and horricidture in the northeastern
hills of India. Both will enhance bio-productivity and lead lo sustainability in the hills Rcccni
access to global market for various non-conventional products (edible fmits, herbal aroniatics
cosmetics and medicines, spices, etc.) and bamboo, rattans and other palm group of trees of
industrial importance w-ill also provide opportunity ro develop agro forestry-based land use
systems. There are many traditional agro forestr)' practices existing in this region, which are
economicaliy viable but need in depdi understanding foragronomic improvements to enlarge
[hearea under”ro forestry systems. Innovative practices already used by farmers in Arunachal
Pradesh and m the hills ofMeghalaya should be considered. In the last twenty years, a number
ofresearch agenaes have contributed significantly to develop and improve many agro forestry
techniques and systems, including silvi pastoral systems, sericulture, tree fodder production
s>-stems. aqua fbrestry and micro watershed approach to develop fodder, fuel and timber
production ~-sterns, si*Tregenerarive fbrestry, feasibility of rubber and tea plantations m the
low lulls of Tnpura and other states. Besides the improvement ofjhum fellow through agro
forestr)’and~ntour hedge mtercroppmg, it can also optimize integrated land use capacity.
There ISa need to encourage produa diversification on a unitofland through agro forestry in
orde”o m c”e land cip;”ig, to producc its fall potenrijl. The products should be linked to
~sunrd marker,ng channels by identifying demands and outlets. In this context, government
~hcy rostrengthen and tenure s>.tems and other legal aspects in relarion to property righ”
and nghts to use w,Il have a positive bearing on agro foiestrv development

S ::tip S r'" North eastem

(CAB Abstracts 2002)

Singh, R S, Bhatachar®, T K; Dutu, A K; Das, P K and Nag, D (1998)

bt «}i>urmlofAg-iadturdSMnc, . 68(4): 231-232.

M,r. And GdTrubblr

M.Usp,)was undertaken at die Tripura Forest Devel

Agarrhala in 1990-93. Productivity of medicinal va Corporation tarm,
medicinal yam-pigeonpea, and medicinal vam nS T’ P*“re sMiicls and
higher yield under intercropping than sole oCner M ™PP6 system were compared (or
or pigeonpea enhanced the Land Equivalent medicinal yam with rubber

K™ords: Pigeon pea, Vam; Yield; Tripura; India
Sivadasan.CR and Nair.CK (1989)

Rubber cardamom intercropping

RMer BoardBullnh, 24(4); 3.2

»" intercrop m
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:,dia...d that mbber-ardamotn mttrctopping a.n be adopted to ar” suitable for this
™ em For conducting economic and latge-scale cultivation of cardamom as an
microp inrubber plantations dtc following points are to be raken into consideration. Identify
uitabic areas where cardamom can be grown economically under rubber. Evolve « "d"';"” ™
le s adaptable to lower elevation (cardamom normally grows a, altitudes ranging from 700-
?500 M) Evolve rubber clones adoptable to higher elevation. Standardize the age o
that cardamom can be introduced without affecting the yield of rtibber Adop
~entific cultivation practices and pest and disease control measures to cardamom to reduce
the cost of production.

Keywords: Cardamom; Kerala; India

Soctardi.W (i%5)
Intercropping of rubber

WartaKiire[,\(S): (y-9.

i
treess, thus shortening the unproductive period prior to tapping.
Keywords: Food crop; Maize. Rice, Java; Indonesia

(BPPM Abstract Bibliography of rubber V 2, 1970.)

Steenivasan, K G; Ipe. V C; Haridasan. V and Madtew. M (1987)
Economics of intercropping .n the firs, three )-ears among new/replanted rubber

Rubber Board Bulletifh 23(1): 13-17.

HSSHSSSPHS

mtercrops. Banana which is traded mostly in the domestic market showed less

net income At 1984-85 prices, turmeric turned out to be more profitable than banana and
ginger. Notably, at 1984-85 prices ginger earned profit of Rs. 5 7 '~ ' hectare the bene n
cost ratio was 1..1617. At 1983-84 prices, ginger turned out to be highly profitable than the
other two crops, followed by rormeric. I'ne above analysis shows that prices affect considerably
the profitability of both ginger and turmeric. Thus the risk associated with price changes is
more pronounced in the case of ginger. It also reveals that the price risk is less with the
cultivation ofbanana which is consumed domestically.

Keywords; Banana; Economic aspect; Ginger; Turmeric; Kortayam; Kerala; India



Stirling. C M; Rodrigo, V H U Janowski, M and Gray. A (2000)
High dcjisin- banana/rubber inrcrcrops: Procluctivit)- Liveiibood/Stakeiiolderand madtct analysis

I>parrmciu for Interrurionai Devclopmenr Phuu Science Programme

K«)Wwords: Baiuna; Economic aspect
(Cited by Rodrigo. V H L)

Inwrcropping boosts latex yield
Rubber Am. 15(1): 53-54,

Intercropping of .mmature rubber, e*-en at high densities, can have major benefits in term,
both mcotnegenerattons from the land and enhattced growrh ofrubber Oneoft em, r

cmps mterplanted with immatwe rubber is banana By raisintr olinrinH ?

three rows of banana x . n i [] densjiy from one to
potenttal to ptomote'vigorous gtowth'orrrbler’' T b Tem e rppt®e 'he
I"te.yieldperbectarew L ZsSIltn ' o8 “n-uritj’
tappable trees, tnrercrapping offersavery practLi a'd M " 6*™" "Umber of

notonly ofrttbber but also of the land b "e” t a usT'"M T " '
2nd environmenr friendly wav

Ke>-words: Eanana; Utex yield; Smallhol?]ing: Sri Unka
w KHWar’ AmtAJAoon, T M S P Kand Senivirathna, A M

of nttercropptng practice lor
"ttntattonal Development I>b,t

ScicnaResearei, Pjognmmt'uK fsA~” '

f=-0P-.0" of mren.ned
inwcroppinfi of

™bber oBets a wn scenario: rubber can be T yf 1 n *'m

. -0'i-diiK a
Sl.rinig, C M; Rodrigo VH |
A Kand Sinclair. F L QOOI) * Thenak,,,,. S; Sillitoe, P; Senevirathna, A M
0Orgr,bbet.basedctopp,,g.,,_

83.39
"Mnvation offers '
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The~vDcrience in Sri Unka has shown thatwhilst there may be reluctance
developingcmmtr.esThec*penen of current on-

low prices, m n
,0 replant rubber n, traditional rubber 3, ,bberinto

traditional regions farmers arc very Kn to ofrubber ofFers many ofthese poorer

tICclini-TfproperyY

T it the advantage of helping farmers maintain soil fertility and structure.

Keywords. Cropping system; Smallholding; Rural development; Socioeconomic; Sn Lar.

Subadi (1960)

Rice as a catch-crop in rubber

Warm PusM Perhbtimn Negara. 10(6): 102-105.
W ithaview to the shortage ofn ¢ e m * ~

catch-cropinyoungplanniigsofrubber(and p rice is fiiirly easy; buc with
svith tractors and agricultural implements, the n

Keywords; Oil palm; Rice; Indonesia
(BI'PM Abstract Bibliography of Htvnt rubber: v 2.)

Suhardi; Sulistyono, E; Sopandie, D; Cho.in, M A; Sastrosumardio, S aud Suwarno (1999)

Shade tolerance cvalualion of upland rice lines/varieties

Sp,em4Lou.laxdRkimdIMIMnojUnp,oducuvrUr,d. 9-10 December 19;8. lerag ,
Indonesia, pp. 481'487.

Eviluiiion for tolerance to shade of 200 upland rice hnes/ varieties was initiated during
December 1997 to April 1998 at PTPN VIl Cikumpay. West Java. Upland rice germplasms

were grown as intercrop under rubber trees. Shading toleiance was

percenta.-e and scoring value based on their growth performance in the field The results
showed that there were 25 lines/varieties classified as tolerant imes/«rieties. Nine Imes/vaneties
.unong ihem gave higher grain yield when were grown under 3-ycars old rubber canop.es.
Keywords; Growth; Light iiirensit)’; Shade; Upland rice; Indonesia

(AGRIS 1999-2002/09)

Sunmmadjis Simarwidi; Koswara. J and Ismal, G (1989)
Adaptation of two cardamom species and effects of organic matter application on rubber.

Builetin Prrkaretan, 7(3);66-7'4. 3

Rubber plantings (6, 10 or 23 years old) were intercropped, or not. with cardamom {Ekttaria
carciamomumand Aniomtim (local) sp.). Manure was applied at 0, 3 or 6 kg in each planting



hole. Data coilecred over 12 months are tabulated on micioclimate (under the rubber shading),
cardamom growth, flowering, leaf thickness and chlorophyll content and on rubber growth
and yield. The three rubber plantings provided 12.2-47.4%. 34.8-51.0% and 35.5-63,0%
shading, respectively, for the cardamom plants. Both cardamom species grew satisfactorily
under even the oldest rubber trees; the local cardamom ga\r best results under .six-year-old
(newly rapped) trees. There was asignificantinteraction in efFecron cardamom growth between
shading and manure application rates.

Keywords; Agroclimate; Cardamom; Fertilizer application; Shade; Yield; Indonesi?i

(HORTCD 1989-2001/03)

Sunarw'idi and Hutagalung, O (1978)
Residual effects of intercrop manuring on rubber growth
Bulletin Balai Perelitian Perkebunana Miefart, 9(4): 185-191.

In atrial on soil deficient in P and Mg, rice and maize were grown as intercrops in the first year
after planting rubber, and NPK and Mg fertilizers were applied, each at five differenr levels.

Fifteen mondis after intercropping, rubber girths showed a positive response to P and Mg, but
no response tp N and K.

Keywords: Fertilizer application; Maize; Rice; Indonesia

Sutrisno and Sastrosoedarjo, S (1976)

Influence of upland rice L) and corn |ZfalTHySL) as catch crops on the erowth
ofyoung rubber ®

Menara Perkebunan, 44 (2): 3-10.

‘5 =" f™M". wo-year-old tubber rre<..
Acrera t "bbcr gtowth (measured as girth
mcreracn. and d e catch cropy, eld Maize affected rubber grow* more seriously dran did Tice.

Keywords; Maize; Upland rice; Indonesia

(HORTCD 1973-1988)

Tan, H T (1960)

Sotne aspects of the question of intercropping

Menara, Perkebunan, 29: 203-211

recommendations are made; thr?2 Thoul7 be" [""""d prr@t™ following
the remaining area being cl«n weeld ” d A
needed; intercropping should only bepractilTL T

*“nSle* ablLif

(BPPM Abstnta Bibliography ,,f nnn
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Thomas; Grist, P and Menz, K (1995)
Modelling rubber growth as a function of climate and soils

Imperata. Project Paper Improving Smallholder Farming Systerm in Imperata Areas of Southeast
Asia, No. 6, Indonesian Rubber Research Insritute, Indonesia, 20 p.

Sire indices arc derived for rubber {I—Ieveabrestliaﬁs) in Indonesia (where it isa promising tree
for use on Imperata cylindrica infested grasslands) to represent separately growth (wood
production) and latex yield (which respond differently to soil moisture content). The
relationships for the climate component of the index (which includes moisture, thermal and
light components) are based on the GROW EST classification system, and the soil component
is based on the work ofY. Sugianto. Both components are modified to be specific to rubber m
Indonesia and combined to give the overall site index for growth. This is used to estimare
rubber growth in different areas of Indonesia. It will help to predict growth ofthe rubber GTI
clone (widely used in Indonesian plantations), and could be adapted to other clones. A particdar
application of the site index is in relation to improvementofthe BEAM rubberyield prediction
model RRYIFXD. a rubber based agroforestr}' model involving bioclimatic. topographic and
silvicultural variables which can incorporate latex and wood production and rice intercropping.
Appendices to the paper use the improved site index developed here to replace the origmal one
in the BEAM RRYIELO mode!, but it also has applications outside this one.

Keywords: Agroclimate; Agroforestry. Ricc; Indonesia

(CAB Abstract 1996-1998/07)

Thomas, | and Kunivilla, K M (2005)

Rubber as a shade tree for cardamom: A case study

international Natural Rubbrr Conference India 200$: Preprints of Papers. 6-8 November 2005,
Cochin, India, pp. 149-132.

Assurvev was bv Indian Cardamom Research Institute, Spices Board Mybdumpara
vo evaluate the performance of cardamom cultivated under rubber m the fAge areas ot
Cardamom Mill Reserve including Marvkulam, Kanchiyar. Kozhirnala and Thovarapr oi
Idukh- District. Studies revealed that the canopy development in fully-grown 20-year-old
rubber tree crown in these areas was only halfofthat grown in the traditional belt. The shade
level under rubber canopy is 14349 lux compared to 13668 lux imder natur”® shade m the
cardamom tract. The growth and yield performance of cardamom with regard to number oi
tillers, number of panicles, number of capsules per racemes and yield were similar to those
grown in conventional areas. The girth of rubber tree increased over 22 percent when
uucrcropped with cardamom. The net returns from cardamom cultivation under rubber
increased to the tune ot 20 percent.

Keywords; (jrdamom; Economic aspect; ldukky; Kerala; India

Townsend, C H H firt/. (1964)
Cultivation ofrubber inter planted in coffee fields
Boletim Tecitico Instituto Provincial Agropeauirio, 6: 1-6.

Owners of coft'ee farms in Guatemala at altitudes up ro 750 m are recommended to replace
their shade trees with rubber trees planted on the contour at a spacing of 10 x 2.3 m; cofTec
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bushci less than 0.9 m from the rubber rows should be removed, those between 0,9
and 1l.a m from rhe rubber should be pruned back. In order to render the coffee more
tolerant of the change, it is recommended to apply 56 g urea per busli to the soil in
May-September and 85g in November, and to spray four times a year with a mixture
of urea. M SO”, AnSO” and borax. Farmers wishing to plant rubber may apply for a
crcdit from a special fund managed by the Banco de Guaremabhi.

Keywords: Coffee; Guatemala

(BPPM Abstract Bibliography of //tfyeZ rubber; V 2, 1970.)

Van Brandt, H; Siahan, M and Sunarwidi (1976)

Prospects for Mitercropping young rubber with Puerarici Thumbergiana for fodder
and proposals for further research

UNDP/FAO Project. INS/72/004 Note No. 107
Keywords: Pueraria Thumbergtana\ indonesia

(BPPM Abstract Bibliography of Hevea rubber, 1975.)

Vijayakumari. P R (1993)
EconomicfraiiUlity ofha,lvin, asan inurcrop ir: rubbtr holdings ofMavdikkarn Taluk

Disscrcition P G Diploma in Natural Rubbtr Production, Kerala Agricultural
University. Thrissur, India, 48p.

This study analyses the economic feasibility of bctelvinc as an irrrercrop in the rubber
hold.ngs of Mavel.kkara taluk of Kerala, India. Even though the cost of cultivation
was very high fo, berelvine, tt could be recommended as an tntercrop in the rubber

t:'btrti:Meek

SclortAATan o
Keywords: Betelv.ne. Economic aspect; Smallholding; Mavelikkara; Kerala; India

Vimalakurnari. T G; loseoh K - M

i
Punnoose, K 1(2001) *nenrstdaraman, R; Mathew, j and

Influence of intercropping on the rhizosphere microflora of H,oca

ofNatural RMcrRescank 14(1); 55.59

-pics forL teria,fL :iac:LoLrra" ried out. Enumeration of soil
microbial populations in rhizospre'*rTof >/ liighsr t" 1

Keywords; Mo, 0ocropp.,,,. m il
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Virgens Filbo, A de C; Alvim. Ri and De Araujo A C (1988)
Cocoa plaining in mature rubber groves in Southern Bahia

Proctedings of the Tenth Imernatiml Gocoa Besearch Conference. 17-23 May 1987, Santo
Domingo, Dominican Republic, pp. 33-38.

In Southern Baliia there is an area of approximately 30,000 ha piantccl with rub~r trees,
nearly all of which are situated in areas with a high incidence of fungal diseases. One plot
containing the oldest notably those consisting ofclones most susceptible mM.cro”ci®
ulei has suffered repeated attacks by this pathogen, with the result that, together with the
seasonal appearances of Erinnyis ello, it only had plants with little foliage and consequently
low productivity. Because of this, approximately 4000 ha of cocoa have been planted under
the rubber trees, which were considered to be in decline. Several designs were adopted, the
mostcommon being to plant the cocoa in single rows intercropped with the rubber, with 3 m
spacing within the rows and a. a distance of3.5 m from the rows of rubber trees. In a double
L combination, the cocoa trees were grown with 3x3 m spacing and a, a distance of 2m
from the rubber trees, which had 7x3 m spacing. In plantations with high mortality cocoa was
planted throughout with 3x3 m spacing and it was sometimes necessary to plant n

additional shade. During 1983-1985, data on mean annual prodtict.vity of trees planted Jone
or in combination were compiled in seven estates. Results show that an area of 2.45 ha of
monocrop cocoa or rubber is needed to obtain a yield equivalent to 1 ha of mixed cropping.

Keywords: Cocoa; Bahia; Brazil

{HORTCD 1973-1988)

W alijudjati, B and Sumana (1981)
The best intercrop rotation system for smallholders in Labuhan Batu
Bulletin Baki Penelitian Perkelninima Medan. 12(1): 35-42.

Intercropping in vonng rubber may yield additional income to the farmer. The highest income
can be obtained with the rotation rice- -niung bean. Applying the rotation system to a ha
rubber holding gives an income of Rp 495 857 per year, which means that an expenditure of
Rp 441 160 per year can be covered.

Keywords: Economic aspect; Mungbean; Rice; Crop rotation; Smallholding; Indonesia

(HORTCD 1973-1988)

WanMohamed,WE(1978)
The concept of potentials of integrated farming with rubber
Seminar on Inteftnition QfAnimah ii'ith PLintation Crops. 13-15 April 1978, Penang, Malaysia.

Integrated farming has been shown to maximize land and resource utilization. The concept
and potential ofanimal inccgradon with rubber arc discussed. In rubber plantations particularly
sniailKoldings, the potential is bailed on the availability ot surplus family labour; cheap and
nutritious animal iced; land foranimals and cultivation ofcrops for feed and feed supplement
such as soya bean, groundnut, maize, pigeon pea and good environment for animals. Results




obfaincd froin trials carried out in rubber estates and siiiallholdinps. as well as from a review of
iirerarure are presented. The)" highlight the feasibility ofgrowing feed and’feed supplements in
the rubber inter rows, pcrformanceofsome typesand breeds of animals, and problcijtis associated
with animal integration with rubber. Su”esiions for Riturc research and work plan are aUo
discussed.

Ke).-words: Groundnut; Integrated farming: Maize; Pigeon pea; Soyabean; Malay.sia

(Publications of the RRiM, 1979,)

Wan Moliamad, W E and Chce, Y K {1976)
Maximising returns in immature rubber smallholdings

Proceeding ofihe Rubber Research Jrstitute o f Melaysia Planters Conference, 1976, Kuala Lumpur,
Malaysia, pp. 34-43.

Methods of modifying the farming systems of rubber smallholders by the introduction of
intercropping and livestock to maximize land usage and economic returns are highlighted.
Annual crops such as groundnut, so>abean and maize when grown as intercrops in rotation
have been shown to be beneficial. Suitable varieties ofthese crops and the technictil Icnow-iiow
of growing them economically are reviesved. A supplementary income ofabout $507, J707
and $406 pet hectare peryearan be obtained from goundnut, maize and soyabean respectively
The perennial crop, banana was also found to be a suitable intercrop in smallholdings ,n
certam locations. Returns between $872 and $ 1743 were obtained from four vatiedes ofbananas
per hectare over two yws. When intercropping became uneconomical due to shading in the
interrow, caused by a full canopy, poultry rearing was introduced to provide income during
the reraaming period t,f.mmaturity of rubber. Poultry rearing with broiler birds under rubber

rnfvT" 0 f e”nomirally viable in teo locations. A family income of between
bfri be! fh N | on the number, t).pe of
s r rth e bfd o™ p P-iding additional income”to the
holran Midit ™

SASmMgrM aiayS """ ‘*'nSrated farming. Maize; Soyabean;

Wan Rasidah, K; Atnintrddin, M; Ahmad S~ali, M; Zaharah A. R (,997)

ANrpz ™ between three and four years

jQumalofTnpiml hmtScimct. 10(1): 86.93

Inthiss{ud .theactiv?2root'distibuttroflreeM tf‘u

manau mamn) was asses'ied luin ° Plantation grown roran
manau. .hrce distances from the"::. b Ifo T ~ n ~Mold rotan
examined. For die four-y-old pjajus two di.r n were
~an» and another in the middle bemc”n twrr. T""

THe isotope used was -p. app,., irr"'K ITpo”™ Th

; the rotan manau plants had
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~tablishcd under macurc rubber plamation. Higli proportions of f«der roots were found
o T Il 0 mdistance, at the surface (5cnr depth) for the 3-y-old plants. Uptake of '-P was
Iso observed for the application at 1.5 m distance for both depths but the counts were smaH.
f im a analysis Rave a highlv significant difference within the distances anti with,n the
?C n deS Ftfrabetter synchronization between fertilizer application and plant uptake,

toots had already extended for another 1 m compared to the 3-yK>Id plants.

Keywords: Roian manau; Root activity; Fertilizer application; Malaysia

W anpen Prulcwiwat (2005)
Rubber based crops integration: Recommendation for smallholder in Thailand

In: Propes. and Devdapm.n. of Rubber Smallholders: Proceedings of ,he N.nlh ANRPC
Seminar, 9-11 November 2005, Cochm, India, pp.16-17

Rubber pUntation area in Thailand isapproximately 5.04 tnilliol. acres, mostly -
around 95 percentage. Over one million ofthem own only 6 acres by ~vcragejie d pe “eat”
700 kg/acre. Their income mainly depend on rubber performance, thus the
uppleLnrarv income isessential to these smallholders. The suitable inretcrops recommend d
by the Rubber Research Institute of Thailand (RRIT) are upland rice, maizc
mungbeau, vegetables, banana, papaya, pineapple and some forage crop such »
Cano grass. The consideration of .appropriate crop for rubber intercrop or under ™ bbet shade
growing is due to the soil profile, fertilization, local climates, market potential and der*and
water source, available labour including smallholders budget, experience, information and
knowledec sources. After four years of plantation until mature period, the shade tolerant plants
are significanl. In Southern Thailand, the suitable plants for integration with tapped rubber
are SNa.rasp.. Rattan Calamus caesius Bl,,) Thiem [Azadirachta e"eka acobs) some native
vegetables {Gnetiim gnemori var. tenerum and Glochidion waUtchianum mucli..) cardamom
[Amomtunsp.,) and some varieties ofcut flowers as Anthurium sp.. Curcuma sp., Heliconia sp.

Kej-words: Banana; Cardamom; Groundnut; Maize; Mungbean; Papaya; Pineapple; Rattan;
Upland rice; Vegetable; Thicni; Thailand

W ataiiabe, H; Saluiiialii, P and Klieniiiark, C (1988)

CombiiKuions of trees and crops in the taungya method as applied m Thailand
Agrofbressry Systerfis, 6(2): 169-177

In Thailand the taungja reforcstration method has been practiccd primarily in order to
rehabilitate wasteland, particularly under the government forest village programme. The paper
describes rh* crop combinations used in different regions, The major combinations discussed
in this paper are para-rubber {Hevea brasmerﬂs) or fast growing trees (Af. azsdarach L
leusocephalia, DiptocurpusaktusunciCasuarwajunguiam (C. junhuumitimkiyN<I\ fruit trees/
crops (coffee, cashewnuc, banana and pineapple). The different crop combinations relate co
differences in climatic conditions, mainly the duration of the rainy season.

Ke>W)rds: Agroclimate; B.uiana; Ca.shc\v; Coffee; Pineapple; Thailand

(CAB Abstracts 1984-89/May)
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Wibawa. G UOOOI
Rubber based agm fbresrr}’ reswrch iti Indonesia

Proceeding ofthe Indonenunt Rubber Covference mid IRRDB Symposium, ]2-14 Scptembe
2000, Bogor, Indonesia, pp. 247-265.

Several rubber based multi*straca experiments were cirried our iti Indonesia to respond
6 rmcrs short, medium and long-term goals. The principal componcur of the systiims such
as riibber planting material, intercropping practices, rypes of intercrops could be nioditled
to increase the productivity, to conserve a certain level of biodiversity and respond farmers’
needs. Various annual intercrops planted during immature periods could compensate the
short-term needs. Tv'pes of mtcrcrops planted by farmers were markers driven Several multi
purpose frmt fmbcf trees, and larex-timbcr rubber clones may be able to respo.d medium-
term go”s. ]he larex-timber clones play an important role in long-term goals Water was
detected as the mam hmamg factor of growth of the system. To avoid the slow growth of
rubber due @c¢™ ,pcd,io, w.tl, perennial inrercrops, the best planting tin.e in which the
rubber gmh s between 15 and 20 cm. This ttme correspond to the end of the optimal

both pl,nt yteld productivity and bioL Isi*~trfits. TuTbtZrd'a”rofo”L
-'""b,nty ortropicafram fclrin 1%

Smallholding. Tnnber

Wibawa, G and Thomas (2002)

september 2002, M ahysw C'rL til'pply* RN 28 August-f,
--ch) a,d at
commencing in 1993. The objective of the” longitude of 104- 187),
effect of intercrops on thl grow” . X ; iT " quanutatively
weeded mterrow (A), Legume Cover Crops 100 ,617,7"";
(D). pmeapplet banana (E) and alane-alL, 1 <O). pineapples
the erowti, of rubber depend on the t™ | J Results showed tha,
JI'.rty months, oftteatments rubber- clan «e7 T '7 '3 ™bber, unt,l
(E). were comparable, but there was a tendenTv o f “ hb ey e Pi"«PP ‘=+banana
re sowcr than that of treatment A since I5m ~ h « f™ last two treatments
7 -'d.a.e. The treatments f .dDp (0 and cc(B),
dieter growth than -hat of treatmen;al 1 « ' f «h -1 ower in
.trientfat,: " <1- Pnncipally
Keywords; Banana; Ecolobv ,oe

property: Upland rice; Indonesia
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Wibawa. G; rliomas, W; Rosyid, M J; Tambunan, D and Giinawan, A (1996)
Study of the component imeractions in intercropping systems

IRRDB Symposium on farming System Aspects of the Cultimtion of Natural Rubber ffievea
braSI|ImIS). 6 November 1996. Beruwcla. Sri Unka, pp 25-40.

Research was carried out ai Sembawa Research Station (on-staiion research) and at farms fon-
farm trial) around rhc station natitude3°8' andlongicade 104™18%) during 1993. The objective
oftheon-station research was lo analyte quantitatively the effect of intercrops on the growth
of rubber. The treatments were comprised of Rubber + clean weeded interrowi (A), Legume
Cover Oops (LCC) (B). Upland rice-fallow (C); pineapple (D); pineapple f banana (E) and
alang-alang (Inperaiacylindriw) (F). The on-farm trial was carried out to cover the variabilirv’
at the farmers' ie\-ei. The factors considered in choosing 16 farmer participants were the origin
of the land; the fanners’ profession, the accessibility to farmers' land and labour availability;
upland rice was grown for at least the first year as rhe rubber intercrop. Two types ofplot were
made: Afarrnersplot, where the farmers were free to decide what they did with their interrows,
and A clean weededplot, where the plot was kept free from weeds throughout the rcKarch
period. Station results showed that the growth of rubber depended on the t\'pes of intercrop.
The stem diajneter of rubber (until 30 months) of rhe treatment rubbert; the clean weeded
soil (A), pineapple (D), pineapple+ banana (E), were comparable, but there was a tendenc)’ for
the rubber growh of these last two treatments to be slower than ui treatment A from 15
months. The slowest growth of rubber was found in the aJang-aiang treatment (F). The two
other treatments, Upland rice-falJlow (C) and LCC (B), were intermediate. The growth in
diameter of treatments F, C. B and D and E were 10.5, 7.5 and 3.3 months, respectively,
slower chan that oftreatment A. The stem growth variation was principally due to soil moisture
rather than due to mineral nutrient factors. On farm research results showed that many farmers
stopped planting upland rice after the first harvest. Maintenance of other intercrops, such as
banana, pineapple, katu and perennial fruit trees was continued with. Chilli was the best
mtercrop in terms ofboth agronomic and economic aspects. After tw'oyears, when the intensit}-
ofintercropping decreased, the intensity ofweeds increased and rubber growth was affected.
The management of interrows was very important in that period to avoid water competition.

Keywords: Economic aspect; Fruit crop; Mixed farming; Pineapple; Soil properrj’; Upland
nee; Yield; Indonesia

Widodo, SE(1999)

The uses of intercrop spaces of fruit crops for upland rice plant

Pni-nvings ofthr Seminar on IncreasingNational Riceproitation Through Tabek idirect
System of Lowland Rice and Utilization of Unproductive Land. 9-10 Dccember )
pEragi, Indonesia, pp. 444-448.

Studies on die uses of mcercrop space, are trequendy directed to those for woody pl.mts,
particularly industrial crops such as rubber, coconut, cocoa, and pepper. The uses o

*pace for fruit crops however, have not been well studied although fruit culture usually employes
‘Vide intercrop spaces. These wide intercrop spaces, especially during a youns-iuvemle p
offer better income for farmers if pro(ier intercrops are planted.

suffiest that they cm be promisinp. Moreover, rice cultivars adapted to

Jome .aspects on intercropping rice into fruit crops, however, need co bestti ic



inrercrops and the jnain crops may be interacted to afFeci flowering, yield, and fruit qualiries
ofrhe main crops.

Ke\-words: Fruit crop; Lind uciliiarion; Upland rice; Indonesia

Wijcsuriya, W and Thattil, R O (2001)
Methods ufdat;i analysis for intercropping systems under rubber
Journal ofthe Rubber Ressarch Institute ofSri Lanka. s4: 39*49.

Analy'sis and interpretation o fintercropping experiments arc complex due to inclusion of two
or more crops. Moreover, various tv"pes o fexperiments are involved in intercropping sj'stems.
Therefore, it is not to be cxpected that a single statistical approach suit ail kinds ofproblems.
The basic objective in all intercrop cxperijnents is to assess biological or agronomic advantage
in any intercrop s)'steni. This paper su”ests possible ways o fanalyses for combined benefit of
rubber ba.sed intercropping systems during the immature stages of rubber by employing the
proxy variables girth and girth increment to substitute for rubber yield. Moreover, several
other indices viz. incomc equivalent ration (IER) and monetary advantage (MA) have been
modified to suit intercropping sj-steins under rubber. For the rubber-tea intercropping system,
bivariaie analysis and diagrams were made using rubber girth and tea yield. The proposed

analyses can be employed to assess the beneficial/deieterious efTecr of intercropping in rubber
based farming systems.

Kcj-words: Economic aspect; Tea; Sri Uinka
Wijcsuriya, W; Thanil, R O; Yogarainam, N and Igbal, SM M (1996)
Analysis of intercropping systems under rubber

IRRDB Sym™uum  Farmingi>f™ Jspm, ofth, Cultivation of Natural RMfr (Hevn,
brastkrrm, 6 Novenibirr 1996, Beruwcla, Sri Unka, pp. 90-95.

Anjpis and i.,t,pr«acion ofintercropping experiments are complex due to inclusion of two

T ,TreL” Tt i>intercropping systents.

Ix ub”in a,® nT expet,tnenrs i. to assesshiological ot agronotn.c advanuge

Kej~ords: Rubber based farming system; Sri Unka

Winardi (1999)

A-pl*nngunderyon.,grubber; SomecasestnSiritrng,A"""

Sytt? ofUwUn~ZZTd o
IndoHL-sia, pp. 439'443. A produchve Land, 9-10 December 1998, Peragi

Kaptd Rural App”~.Aj, n surroundings
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in Sawahlunto Sijunjung, West Sumatra. There are about 40. 000 ha snmllholder rubbers and
7,500 ha of upland rice planting areas in the area. Although intercropping of upland rice is
common co farmers, the level of yield of upland rice is srill low, This is bccause of some factors
sucli as lack of knowledge, lack ofcapital, low soil fertility, unsuitable crop cultivars, and pest
(especially wild pigs) or diseases incidence.

Keywords: Smallholding; Socioeconomics; Upland rice; Indonesia

(AGRIS 199872002/09)

Wongsukon, P and Templeton, J K (1974)

Sweetand Glutinous corn as intercrops of rubber

RRC Document No. 28, Rubber Research Centre. Hat yai, Thailand

Maize, sold as fresh cobs, is one of the crops under study for its suitability as an intcrcrop of
young rubber. In intercropping experiments over two years on rubber stations, swecr and
glutinous cobs/ha of planted area, equivalent to 270 to 960kg and 3500 to 8000 per rai of
intercropped rubber, according to soil and other conditions. Over a range ofselling prices of
10 to 25 baht per 100 cobs and estimated costs of production of 680 baht/rai of rubber with
labour charges and 400 baht wthout charging labour, the breakeven point for yields moved
from 1500 to nearly 7000 cobs per rai of rubber. Maize thus has a good profit potential and
the conclusion isthat isa promising crop for use as an intercrop in the rubber growing regions.

Keywords: Maize; Thailand

W otigsukon, P; Kongthon, A and Templeton, J K (1974)

Yields of corn, sorghum, mungbean and sunflower in plots in SouthThailand

RRC Document No. 24, Rubber Research Centre, Hat Yai, Thailand.

Field trials were conducted at various locations to study the possibility of intercropping young
rubber with various varieties of maize, sorghum, mungbean and sunflower. Yields obtained are
discussed. It isconcluded that sorghum, mungbean and possibly sunflower all grew and yielded
sufFiciently well in the South to warrant rheir further consideration for intercropping.

Keywords: Corn; Mungbean; Sorghum; Sunflower; Thailand

(BPPM Abstract Bibliography of Hevearubber, 1975.)

Wongsukon, P; Buranatham, \V and Templeton, J K (1975)

Girth growth of rubber and interrow management

RRC Document No. Rubber Research Centre. Hat Yai, ThaiKind.

Interim results from an intercropping experiment with budded rubber show that intercropping
did not harm the growth in girth of the rubber trees. In one ofthe two clonal blocks under
study growth was significantly promised, as compared to that with legume covers in some
treatments. The importance of crop rotation and the use of fertilizers for the intcrcrops arc
emphasized

Keynvords; Crop rotation; Pertilizer application: Thailand
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Wongsukon, P; Diixajuitham, W and Jewtragoon. P (1976)

Potential intercrops for smailholdcrs in Tluuland

In: Rrogress and Deiviopmenl of Rubber SmelUnleien: Procfecitft™ of the Second Seminar. is-23
Ocfobcr 1976. Hat Yai, Thailand. pp.ICVv'i70.

During the first 3-4 years after feUinp the oid trees. iJic intcrrow area can be used for intercropping
as an alternative sourer ofincome for smallholders. The intercrops which give the highest to the
lov.x t net profits are sweet com. ground nur, soyabran. inungbeAn, and upland rice. The provisions
for intercropping are thar family laliour must be utilized. The intercrops must be fertilized and
be planted in rotation with legume crops. Other advantages of intercropping are co control
weeds in the intcrrows and to ameliorate soil pnapcrty. Lastly, the smallholders will give more
care and attention to the immature rubber trees.

Ke>words: Economic aspect; Family labour; Groundnut; Mungbean; Soyabean; Sweet corn;
Upland rice; Weed management: Thailand

Wright. H (1998)

Cuki~ration of para rubber trees

fn: Para Rubber or Hevea Brasiliensis: Its Botary, Cuiltivation, Chemistry and Diseasss, Biotech
book. Delhi, pp. .50-32.

This book originally published in 1912. gives a comprehensive documentation of rubber
cultivarion. prepnDcessing, properties of latex etc. during the early days o f plantation rubber. In
chapter three on cultivation of para rubber trees, a session of intercropping ofrubber with catch
crops such as. banana, cacao, coffce, chillies, groundnut, lemongrass. pepper, gingclly, tobacco
aand corton is provided. Cocoaand coifee considered as the b « t intercrops are cultivated extcnsivel}”
in the major rubber growing countries like India. Ceylon. Samoa and Straits. Intercropping of
iemon-grass is practised in Ceylon and Straits, groundnut in Ceylon, cassava in Straits.
Intcrcroppmg of tea and coffcc in association with rubber is followed in Ceylon and in India,

W os” I"mon-grass; Tea; India; Samoa; Sri lanka;

Yang, Z]; Zheng, H S and Zhou, Z Z (1996)

Impacts of rubber planratio.i inlercroppmg on litter, hum,,., and soil properties

Forest Research: 354-358.

Keywords; Agroforestty; Alpinii; Coffee; Cliina
(CAB Abstracts 1996-1998/07)

\ogaratnam. N and Igbal, SM M (1995)
Muittcropping of rubber Linds with tea
Journal ofP,un,,,i,n -0

.he first 2 or 3 years after the .nit.al planting of robber ,rees, before ,be trees have
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grown sufPicicncly to extend their canopy fully, a wide inter-row area is left open. This
area could be used for growing ocbcr crops. In the areas of Sri Lanka where rubber is
grown, particularly in the South-W est, rhere is great pressure for land and uneniployment
is high. This paper describes experiments carricd out by the Rubber Research Institute in
collaboration with the Tea Research Institute, which indicate that diese two crops are
ideally suited to intercropping, although itwould require some adjustment of the spacing
ofthe rubber plants to allow for the permanent growth of perennial crops. The incer-row
space would generate an income during the first few unproductive years of the rubber
trees, and also during wet periods when rubber tapping is not possible. This would increase
the overall productivity of the estates and employment opportunities.

Keywords: Family labour; Planting density; Tea; Sri Lanka

[HORTCD 1989-2001/03)

Yogaratnam, N and Igbal, S M M (1998)
[nterplanting of rubber with tea: A technology appropriate for rubber smallholdings.

Bulletin o fthe Rubber Research Insiitute o fSri Lanka. 38: 1-10-

A system to generate income and reduce unemployment by intercropping tea with rubber
in SriUnkals presented and discussed. iVis system allows the generation of income from
tea during rhe unproductive period (5-6 years) in young rubber plantations, and durmg
periods when tapping cant take place. Results from experiments set up in 1985 and 1990
indicated that rubber should be planted at a spacing of 12 X 2.4 m (341 plants/ha, 75%
of monoculture), witli 7 rows of tea planted in between 2 rows of rubber at a spacing of
1.2 X 0.6 m (9375 plants/ha, 70% of monoculture), or ata spacingof 18 X 2.4 m with 12
rows oftea in between 2 rows of rubber. These planting systems reducc the limiting effect
ofshade on tea yield. It was calculated that costs would be recovered afrer 5-7 years, with
the economic lifespan of the plantation being 25 years.

Keywords: Economic aspect: Shade; Smallholding; Tea; Yield; Sri Lanka

Yogaratnam, N; Igbal, SM M and Samarappuli. 1N (1995)
livtercropping of rubber with tea feasible
Rubber Asia,

Two plantMioll crops. Ka and rubber, that were Jlever grown in the same plot of land can
now co-exist on rhe same lLind. This is an epoch making d.scov-ery nrade through the
research efforts of the Rubber Research Institute of Sri Lanka m collaboratron with the
Tea Research Institute of Sr. Lanka. Experimental results very clearly show that there will
be no adverse effects on either rubber or tea when rubber lands are mtercropped wlit> tea
inamanner acceptable to both the crops. Initial results and its econom.cs are fairly attractive
to start this programme of inrerplanting rubber with tea. at least on a limited scale.

Keywords: Economic aspect; Tea; Sri Lanka
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Yogaratnani, N; Samarappiili. JN and igbal, S M M (1995)
Economics of interplanting rubber with tea in rhe low country wcr zone

Journal ofthe Rubber Research Institute ofSri Lanku, 76; 72-89.

This study exajiiines die economic viabiiiry of inrerplancing rubber with tea in rhe low country
wet zone, whert cultivarion ofboth these crops is agronoinically feasible. In the analysis, apart
from Net Present Value (NPVI. other measuremenrs of project worth have also been used ro
determine the return on investment. Economic lifespan ofa 25-years isconsidered for discounted
casli flow analysis. The results reveal the profitability of this integrated farm activity, which
generates a NPV nearly Rs 162,000 at 15% discount rate. The B/C Ratio. Net Benefit
Investment Ratio and IRR arc 1.24. 3.73 and 31% respectively. The pay Back Period of 5
years also emphasizes the economic feasibility of d\e investment. Sensirivirj' Analysis on certain
parameters has been done to ascertain the economic viability, The conclusion is that
commencement of interplanting rubber with c«i in the low country wer zone, at least on a
limited scale is economically desirable.

Keywords: Agroclimate; Economic aspect; Family labour; Land utilization; Tea; Sri
Lanka

Zainoi, E [2002}
Advances and challenges in HevBafirming systems

Pwardinp ofthe Indonrmn Rubbrr ConfirmeeandIRRDB Synposium 12-14 Seprem ber 2000,
Bogor. Indonesia, pp. 1-27.

This paper aims to present the experience gathered frotn studies conducted by the Malaysian
Rubber Board m particular research on soil acidity amelioration and on- farm evaluation of
S0.1 man”etnent practices, and related crop production. Some experience on evilluation of
smallholders process ofadopting FB/Eafarming systems are also outlined. The experience on
farmtng syster”s ,n the Malaysmn smallholding sector showed that a wealth ofinformation has
been generated especally m the field of cmp production. Soil management techniques have
b™ recommended to overcome the problem ofaluminium toxicity. Favourable product.on
Asm otL r "a Foi-t." The agro management

edii ltotem T ff r ' T »

Kej-,.-ords: Farmtng system, Smdlholding; Soil property, Malaysia

Zauiol, E and Mokhraruddin, A iM {1993)

>mShort term cWngcs

JexnatofNa,umiRuhheell,:e,reh. (1). 57-67

aangesms,i,phys.,Ipr,pert,esweredetecteda.er.hree~rsofn,terc,ppmg,nimmatu.
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rubber. Intercropping activities generally affected the degree of aggregation and its stability.

The soils under legumes contained larget'Sized a*regates and exhibited better water retention
and transinission characteristics. Aggregates of finer size were recorded in cleanly cultivated
pineapple plot indicating that the larger aggregates were being progressively broken down due
to the dircct impact of rain. The high input treatments consisting of fre(Juenrly tilled corn-
pcatmt plots showed a high degree ofsimilarity in the size-distrihution of water-stable aggregates,
but the plots differed in water retention arid transmission properties as a result of variability
arising from management inputs. The redistribution of fine particles in die tilted plots accounted
for its higher penetration resistance compared with the non-tilted plots. The study suggests
that on-site soil degradation can be minimal under conditions of tillage provided less crops arc
planted and steps taken to have a mulch cover during the fellow period.

Keyivords; Acid utisol; Corn; Peanut; Soil property; Malaysia

Zainol, E; Mahmud, AW and Sudin, M N (1993)

Effects of intercropping systems on surface processes in an acid ultisol 2. Changes in soil
chemical properties and their influence on crop performance

journal ofNntural Rubber Ressardhy 8(2); 124-136.

The chemical changes in an acid ultisol under intercropping, were mon,tot«l over thir-three
months. The systems of intercropping under immature rubber were designed on die basis ot
conservation-oriented surfece vegetative cover. The lower input systems indude interrows under
naturals, and legumes; while the intercropped plots represent the high input treatments
comprising peanut and corn rotation, pineapple, and combinatiou “f n
pineapple. The use of fertilisers and the corrective input of hme influence the soil femhty
dynamL. Towards the later croppings, the;,//declined in all interrow

dLcase in the hlg?]hest input plots. The intercropped treatments showed

amounts of phosphorus, calcium and magnesium. Over several ctoppmgs, the efetlvecan"’\"’\
exchange capacit). remains high and the soils have low aluminium juration _

has an overall beneficial effect on growth due to the combined effect of added fertilisers
and lime.

Keywords: Acid urisol; Corn; Fertilizer application; Peanut; Pine apple; Soil propert;.;

Malaysia
Zainol, E; Malimud, A W; Sajjapongse, A and Elliott, C R (1994)
The management of sloping lands for sustainable agriculture in Malaysia
ofth! At,,mal Rnitiv Muting on A ,id,mi Managtment ofSlopmg Land, m Aim.
2-8 September 1993, Guiyang, China, pp. 123-149.

This paper discusses the sustainability ofintercropping annual crops
in soil fertility as affccted by different soil and crop management systems, an
of high-inpiu lecKnolog)'.

practicabihty
p

Kcyword.s; Annual crop; Soil fertility; Malaysia

(HOR'I'CD 1989-2001/03)
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