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1 BACKGROUND ON PROJECT/METHODOLOGY IDENTIFICATION
 

Increasing farm productivity in small holdings remains a great
 

challenge for all concerned with agricultural policy, research,
 

extension and farming. Risk management has become more crucial
 

than ever before in the present market driven economy. Agricul

tural environments, more prone to crop failure with inherent un

certain climate and subgraded soil related factors, such as unir

rigated dry highlands are the most affected.
 

Annual cropping system is the most important component of the
 

farm in above environments for income generation and subsistence.
 

Traditional field crops such as maize, cowpea, mur1g bean, sesame,
 

vegetables etc. constitute this cropping system of the great
 

majority of farmers for decades while the multitude conditions of
 

crop.production have been changing.
 

Infrastructure conducive for knowledge build-up and skill
 

development of the farmers to work towards achieving a satisfac

tory level of living through farming in above context is mar

ginally existing in most parts of the country including System B.
 

Farmers greatly lack close extension/advisory support which is
 

essential for due adoption of proven crop diversification and
 

cropping systems principles to better cope up with present
 

socioeconomic and physico-biological environments though there is
 

great potential for lifting productivity through application of
 

appropriate cropping systems principles.
 

The recently developed Mahaweli System B bears vast extents of
 

highlands(approx. 2/3 of the total extent)demanding cropping sys

tems development if any increase in present productivity levels
 

are to be achieved. Furthermore, there is wide variation in the
 

soils therein with the presence of many great soil groups includ

ing Reddish Brown Earths, Non Calcic Brown, Old Aluvial, Recent
 

Aluvial, Low Humic Gley and Solodized Solonetz(DOA, 1990;MLLD &
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MD, 1979;MLLD & MD, 1980). Thus, the above discussed potential
 

for application of cropping systems principles becomes more sig

nificant in System B highlands.
 

Based on these contexts upon request of Mahaweli Agriculture and
 

Rural Development Project(MARD) Ceylon Institute of Scientific
 

and Industrial Research(CISLR) started a collaborative program
 

for developing on-farm alternative cropping systems packages with
 

selected medicinal crops in 1991 for System B farmers.
 

2 INTRODUCTION
 

Sri Lanka is endowed with a strongly proven indigenous system of
 

medicine based on plant raw materials. A large part of its
 

population resort to this in some sort during their lives. Much
 

of the raw materials used therein were locally supplied mainly
 

through abundant wild growth, fallowed chena lands and to some
 

extent from home gardens several decades ago. However, due to
 

fast denudation of village forest base, non-replenishment of
 

removed plants and increased demand Sri Lanka today imports 50-75
 

million rupees worth of plant materials to be used in indigenous
 

medicine(DA, 1991).
 

The quality in terms of active chemical principles of the im

ported materials is low and a qreat portion of these plants can
 

be adapted in selected agroecological regions of the country.
 

Continuous importation has caused the vicious cycle of unaware

ness of the plants and their cropping(very disappointingly among
 

the young generation) resulting in non-adoption of these crops
 

on-farm confirming further importation. Consequently, invaluable
 

amount of germplasm and opportunity of majority of people to
 

utilize proven principles of indigenous medicine at low cost are
 

irrecoverably lost.
 

The most opportune, safe and sustainable method of overcoming
 

2
 



this situation discussed above is incorporating selected
 

medicinal crops to the existing cropping systems of different
 

agroecological regions. Furthermore, this will provide a practi

cal footing to utilize the potential for highland crop diver

sification as stated in section 1. However, it needs extensive
 

field observational trials, training of both field extension
 

staff and farmers and continuous monitoring/feed-back on various
 

aspects of cropping system and market. Thus, CISIR/MARD medicinal
 

crop production collaborative project incorporated following 

broad objectives. 

a) To develop cropping systems packages for adopting selected 

medicinal crops in traditional cropping systems through on-farm
 

observational trials
 

b) To train extension staff and selected farmers in preparation
 

to adapt proven cropping systems on-farm for commercial produc

tion
 

c) To continually monitor, assist and guide the growers to help
 

ensure technical and economic viability of the adapted cropping
 

systems
 

3 METHODOLOGY
 

Methodology as a whole included on-farm observational studies on
 

several selected economically important crops, training of field
 

extension staff and selected farmers in Mahaweli System B and
 

receiving continuous feed-back from the growers for assuring sus

tainability of the new cropping systems. This approach was deemed
 

appropriate for the present farminq context of the area discussed
 

in section 1. Thus, a project plan was prepared by CISIR which
 

later through consultation with MARD changed to more concentrate
 

on on-farm crop production.
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3.1 Observational trials
 

Based on the selling price, technical feasibility, age and con

sumer awareness initially Katuwelbatu(Solanum xanthocarpum) was
 

tested in 5 selected farmer fields at Ihalawewa in Dammina block
 

Yala 1991. Subsequently, plots of Senehekola(Cassia
 

angustifolia), Kapukinissa(Hibiscus abelmoschus) and
 

Ashwagandha(Withania somnifera) were established in selected
 

farmer fields in Dimbulaqala, Wijayabapura and Damminna blocks.
 

3.2 Farmer participatory program
 

Whenever possible on-farm adoption of crops with minimum adequate
 

amount of findings was considered the most appropriate for
 

receiving a certification on practical viability of the selected
 

crops/cropping systenms. Farmers were selected in consultation
 

with Mahaweli Extension staff.
 

3.2.1 Training
 

a)Staff
 

In preparation of farmer production programs selected Field As

sistants were trained. The trained staff are expected to closely
 

work with growers especially in crop agronomic and postharvest
 

practices. Trainings were organized by MARD and Mahaweli
 

Authority. Two trainings were conducted for Field'Assistants, one
 

at Sewanapitiya Block Office and the other at Mahaweli Regional
 

Training Center, Aralaqanwila.
 

The training included in-class sessions of 2 1/2 hours each.
 

Detailed discussions on .lop diversification principles, advan

tages on incorporating selected medicinal crops in the tradi

tional cropping systems and farmer criteria in selecting new
 

cropping patterns were conducted in the first half. Second ses

sion comprised technical details of adopting 10 selected crops in
 

the traditional farming systems, guidance on linking to available
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marketing channels and developing new marketing strategies, the
 

nature of present work on the subject at CISIR and the field 

studies so far conducted and a final feed-back discussion. 

b) Farmers 

Training Field Assistants provided the basic requisites for
 

selecting farmers for trainings. Based on the crops and their
 

growth, postharvest handling and marketing requirements discussed
 

with Field Assistants they were able to identify farmers. The
 

selected farmers were subjected to an organized 2 day course.
 

First day was allocated for an in-class session during which fol

lowing topics were discussed(please see the copies of
 

transparencies and pamphlets for 2 crops in appendix).
 

Morning session;
 

1 Need to incorporate selected medicinal Crops to existing
 

farmer production systems
 

2 	Factors to consider in selecting new components/crops to
 

existing cropping system of the farm
 

3 	Crops that can be selected
 

4 	Cropping pattern design
 

5 	Basics of component technologies of each crop
 

Afternoon session
 

I A slide-show on different cropping systems with selected
 

crops
 

2 	Nature of market and linking to marketing channels
 



3 Respons.ibilities of farmer organizations in the program.,:
 

4 CISIR services to help ensure the viability of the new
 

cropping systems
 

5 Feed-back discussion
 

Second day was a field-day. This was conducted in the CISIR
 

Medicinal 
Crop Observational Farm, Girandurukotte. MARD and
 
Mahaweli Authority 
organized transport for the selected farmers
 

in batches. The structure of the program was as follows.
 

Morning:(on each crop at the field)
 

I Introductory information on the crop
 

2 Uses
 

3 Cropping pattern
 

4 Component technologies
 

5 Postharvest handling
 

6 Marketing
 

Afternoon:(at the Development Center, Girandurukotte)
 

1 Slide-show on selected component technologies
 

2 Feed-back discussion
 

3.3.2 On-farm cropping systems development
 

The trained farmers were initially provided with planting
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materials of crops(both vegetatively and seed propagated)
 

suitable for their farms. They were trained on seed production
 

for subsequent cropping too. However, whenever felt
 

.ecessary(requested) planting materials were re-supplied through
 

MARD. Planting materials for selected crops are now produced at
 

Central Nursery, Aralaganwila.
 

All farmers in the production program use the crops to
 

diversify/intensify their highland cropping system. Special at

tention is paid to effectively utilize the unirrigated highland
 

for selected crops. Preparation of organic manure and plait based
 

pest control preparations as components of the cropping system
 

were emphasized.
 

3.3.3 Continuous monitoring and feed-back
 

This was discussed with the Deputy Resident Project Manager and
 

formally accepted. Thus, the need to personally monitor the
 

adopted cropping systems atleast once a month was stressed at the
 

Field Assistants' trainings. MARD Agriculture Officers regularly
 

visit the farmer sites and identify the on-farm cropping systems
 

problems and activities requiring further attention and convey
 

the same to CISIR officers.
 

4 RESULTS AND DISCUSSION
 

4.1 Observational trials
 

Despite some failures due to specific farmer and site related
 

factors at various places the results were encouraging in terms
 

of crop production feasibility. Based on the observational trials
 

and CISIR experience following results/recommendations were ar

rived at with the tested crops.
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Crops adaptable in totally unirrigated, open dry highlands:
 

Senehekola
 

Ashwagandha
 

Polpala
 

Katuwelbatu
 

Crops for dry homesteads with some irrigation
 

All above crops
 

Kapukinissa
 

Komarika
 

Iriweriya
 

Ratnitol
 

Inqurupiyali
 

However, the cropping pattern and the specific component tech

noloqies must be decided by the farmer considering other crops of
 

the cropping system, seasonal weather patterns, land class and
 

soil, trends of family labour utilization, regional marketing
 

set-up and so on. Furthermore, proper microclimatic changes by
 

crop cultural practices proved adoption of a wider range of crops
 

in a given environment.
 

4.2 Training
 

Approximately 25 Field Assistants were trained. However, their
 

direct involvement in the farmer production programme must be
 

further ensured and organized throuqh official chanals. This will
 

help strengthen the farmer confidence and subsequent active par

ticipation. Furthermore, the feed-back if received from such
 

field extensioit staff will be of high practical value to the re

searchers, policy makers and cropping systems 

advisors/consultants. 

Farmer trainings were mainly concentrated on the ways of upgrad
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ing the economics, cropping environment and general living condi

tions through incorporation of selected medicinal crops. Farmers
 

trained were as follows.
 

Block Farmer number
 

Wijayabapura 50
 

Damminna 25
 

Dimbulagala 25
 

Farmers are now engaged in the production program. However, they
 

need better organization preferably initited through formal
 

farmer organizations especially in cropping pattern planning 
 and
 

linking with marketing chanals. Farmer tralning should strictly
 

be a continuous process in which the contents/topics must be as
 

demanded by organized groups of farmers themselves.
 

4.3 Production program
 

The farmer production 
activities need closer collaboration and
 

monitoring by Mahaweli Authority official. 
 At the moment most of
 

the field activities are implimented/monotored MARD. Already
 

trained Field Assistants must involve 
in the program activities
 

through their respective official channels. Sufficient quantities
 

of planting materials of Kapukinissa, Katuwelbatu, Senehekola,
 

Ashwagandha, Iriweriya, Ratnitol, 
 Ingurupivali, Ratnitol,
 

Komarika and 
Thippili were prepared by CISIR and distributed by
 

MARD as follows.
 

Katuwelbatu - 6kg of seeds
 

Kapukinissa - 2kg
 

Senehekola - 2kg
 

Ashwagandha - 1kg
 



Central 
 Nursery at Aralaganwila has undertaken multiplication of
 

vegetatively propagated crops 
for the farmers. Twenty five potted
 

plant4 of each of Iriweriya(Plectranthus zeylanicus),
 

Ratnitol(Plumbago indica), Thippili(Piper longum) and Inguru
 

Piyali(Kampferia galanga) were supplied to the nursery 
 for this
 

purpose.
 

The commercial farm producing medicinal crops at 
Kudawewa(started
 

through CISIR technical assistance in a 20ac plot) is in progress
 

of land development and initial crop expansion. This however
 

should more concentrate on efficient farm management and an or

ganized out-grower system with buy-back contracts.
 

5 CONCLUSIONS
 

* Properly selected medicinal crops can be readily incorporated
 

into the traditional cropping systems of System B
 

* Both farmers and field extension staff must undergo systematic
 

training before any comaercial medicinal crop is produced
 

* Availability of appropriate extension facilities to the farmers
 

is far short of the need/demand
 

* Present level of farmer interest is encouraging
 

" Most of the farmer organizations are inadequately iquipped to
 

take up these kinds of programs in commercial scale
 

a Awareness creation in existing marketing channels and assisting
 

to develop new avenues for the farmers/farmer organizations is a
 

prime requirement
 

6 RECOMMENDATIONS/FUTURE DIRECTIONS
 

a) Continuous training of field extension staff and selected
 

farmers on incorporating new crops to the present cropping sys

tems must be given due priority
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b) A properly designed continuous field/farmer monitoring
 

strategy is essential to develop proper records, enlighten
 

farmers, receive feed back to minimize failures and adopt correc

tive measures
 

c) Mahaweli Authority and MARD must work more closely(whenever
 

possible together) in farmer production program to ensure the fu

ture technical and economic viability of the project
 

d) On-farm investiqations on intercroppinq models, sequential
 

cropping patterns, fertilization/manurinq, mulching, harvesting
 

methods, postharvest handling are suggested.
 

e) Through consultation with Avurveda Department and major
 

private industrialists producing ayurvedic medicines (crops other
 

than those mentioned above) should be selected(based on
 

demand/requirement)
 

f) Other than farmers whenever possible collecters/buyers must be
 

involved in the processes of planninq and implimentation
 

throughout the program
 

g) More collecters/commercial agents should La invited with
 

emerging demand and enco'.aged to establish buy-back contracts
 

h) Some preliminary quality criteria must be imposed in due
 

course at selling
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~ Abstractr Piw1l c',vpwrimvnl: ii-rtc one/u:teddil aUi.%oA/(r 2 years o studi'MewagronOMInieK 

;nnfmrh (1,'late tradiiiinal upland iropp:::~' lg tr Iic Ala/:eni .SlsmL ,g C oj',Sri A.t 

La,.nika illMi/c i somlon (Alic). Tweo Icielvii(pla o, pOill~dililcWpavl cidjour nitirogen, A 

r ft.ke in elIgaited svicpeillcdlj-, inung beeun"(Viguia radiaii L 

/ii'iIMc drier .%vason ( )ala) iitlt/ ei 'comimen',cl eu//raln pmwkcagc C.Iowr plant, .paving
 

AX>;~ 4.5 (-ill Wem) pr(cu cCIlufc dry ialor y: ivi/ ighe'r/ ,r
 

rc~rlv, er Ia ivasplaniccl'. 

X'15 cin icr~w. 30 

' .'(P-. 0-05), Ilreng3 iinthstife pu ingiasitr'r(ure tu~aliiha tu:cAes vrli
 
or laecr w/en itrogen: was applied. Yiedre'pea it)niirc qvn wasrgrealer in c/denser p/cm!
 

A /iji:eiioi'. e~pl/ial~iio/ql'0 Ak,::::rogen//t evurecl fieldv,over 4 tionhs/:o uwhich i:ue:
 
cimparabei/'th )'/.1'~~sJln 120 kg nigrogen//u laMise~r spacingc (148 0001iilaliia) ill
 

~~~ SNiAvc::: Pc'rtweo /'veh'idi piroduc:d wIaisiadl), Admilnr Icafacr:a hinc/cc
''0~11W ThA ::itr~c 

/ raciid/c:J and/ rwh/m (1 - WO rciniwc/'Iomn 797
ribillca~ 05). Alaiug, Iiecm yiehis. wih' 

.,kj io 963 kg/iici.' s/:olvd no, -k'ar.arrelauluuu il/ the, Iriancemsappied lcih Ic~iir,vl.' ;"qa. 
- .~~ ' crop.' ', ,' 7 2 <A 
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,~' , IntrodUCtion 
Crop dive~rsiicatio'n is it proveni method ol'increasng undl sLtiininfg hirm produtiiy,, A.~XXX~ 

Aespeciall~y ill thewtropics. Selechion andt iicorporiioll of* commellrciall~y>imlporlt.a 
K.A~ s hort-duratitan crops into e.Misang cropping ystemis ;ilanttrie 'option' as if ives 

quick rettui nlS ciuct rL-0)Lrce utilizationl and inivohle lminitin risL, 'X~. A<A" 

SiLanka c~mit mpo~t~AUSS80 000 of' tor0ai exchanigeannually 1o the...~AA.4. AX. 

import of'icrudc oe~n,,~~:Io~d~nSci'dand Wendle This1 is itpOpUlar househiold~m.~;44~
e.ypeloranmiused hut c'lc platnt <Aas%i w~ater '~r~ t.l ie hLIole with.ait wide 'rane'' 
oat iappliatons ill (lie country's iiadiLt:ous meicitne. HIowever, lamck 'at'chlia 
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ill'orma tion oil agronomy, post-harvest handling and marketing necessary to the 
adoption of' sotlii l in existilig cropping systems anid tie ned for demniistrations have 
giCietly COiiiblted to its continued inpoitatioil (I)OA I1990, unpublished report; CISIR 
I9H8, unilpublished r':port). 

Vislt arIes 01 hiilind %itli It)% 0or it) crIOlpillg itilinSil), and ienC gletf11" With l 
potential Ior cropping .ei, divelsitica i ll,'clns are available in the intermediate and dry 
zOnes of Sri Lanka, nailly in the Niahaweli P'ojeCt il'eaS SucIh ;as sys tSiS C aid II. 
Approximitely 44 000(Jha of IMii iaaweli ,ystel C alonlia ale earniarked for boli 

iilfed and partially irrigated highland crops. Some pioporlioli o lhis land is lanted Ito 
Inaize ili the wet scasoll and left I'lillow, or oceasioially plaitied it Sesame. i1 the dry 
Sea:llli; IIo ,er, a1coisidrible alea is left Illl all year rotlnd (,LI) 1979; M L LI) 
1988, uipubfisled rep t)il.lhs. theseeeiiionients olfer greatl I)itliMidil piatilo)ortidt 
of eoppaing systeiis %% solailiull, ini ti rigitn exli lnge., theithit with co lisel Lil .,ai ig 
Supply ol bellcr qLialily plant iiaieriils for ildiiietOL iiiedieiiie iid iicireised ariiin 
prlOduCtivi)'. This pape discusses the lilS Of? 'cris' ield eXfieril'.'lis tul ii1i'stigate 
1b,' 1esibilit) of adapling a so lil Inlillig bei sCqlential croppin, pattern in the 
Miliawtefdi y)1siCi C iid tliC Iti'iliilioli ot a i iclepiible coipolilti technology for 
slfailiuii in lerlis ot'plain splcilng aid ltrogen Icrtiialiioli. 

Materiatls and methods 

'I lie experiineial Site %.ilsi %telldra1iled highlilaid ill ihe Agricultulal l.e llh Stilion, 
(iraiduiukotte oil allisols on the boundary ofeasieri dry llld iiieriiediaile ztoile l'Si 
lanka (72()'N. 89l1, iii ,ibove sea level). Soliiiu iti IIairI1l.iLlpn'd iii late )ecemiiber 

tili.iili scilson 1991 aild t991 I to .ol ilIhe rapid ioliaige deslopotili pliis olellapping 
the peik of' Inllse cast lall. Ircallilil coibiiatioslls ofoIlih IIIllolhoollill :igtl 
M0 1 polUlltit)iis. liiand 14 t)i0 planislia (45 ciii x 3) cm aindpliiit 74 (Jil pli 

45 c K I i cim pllit spacing) aiid _tur iI))Iip'iltitiiS o il itIIeltl1: I. 4., N(iand 120 kgta, 
vre assigiild in a licliil randolill/id complete block design wilh 4 replicatioins. 
l'liospiolUs (1'O) and polas.iiiiii tK_(1) %eic applied at 71) and Sti kg lia mixed %itih 
nitrIogen iii %toe(qii1ally spli doses: basal aiid 5 %ccks afie pilaninig in all Irealimenis. 
SlatLile ICA' aCa ,isliasdtllCL 13 moihs aliter plaitiig b) the disc itiillod (M1ion1 
aillid Watsonti I9 3 .,!i iCitii iiileCx ILAI) collipule'd th liiniber oflar all branches 
%is coniiled 3t iontlihs alter plantiig. Total dr) iltti.,tr 'ields ilid sliot:riiot ralios were 
dteriliinCid 1siiig 1ilmeo\n-dr)' HintliLd ll .3 :and 4 iilis alter plailiiig. 

NI tillg beai is Seeded ii the sait plots 3 \wks itter harvesting sool iliniii, ininaged 
\i II l i ii ei iir[anirieatIeeIiiiit I t CeO i) IidCd cIltIUri package (I)A 1988). Grain 
)iclds ,eie correctd to It', it lVoI c' cOniin.t 

lResults 

Leaf areat ilidet 

[he LAI \as inctreased 09,u b)' tiirroing the witlinii-ro spacing ito 15 ciii, which 
doubled Ihe paiMili Iulltitiotl (148 (10 plantiha ). Applicatiomi olf 81 kg ilitrogen/ha 
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Table I. Lealarea iIIIex of 3iimonhlild solaiill ;i%alIt'ed by plawndensity ind nitrogen Ililj4,iitnr 

Plant poplulation 

74 ON)iJlanil ira 148 (W) plantsiha 

Nitrogen Ies~ 89,90 91,91 89i9o 9(191
(kg/ha) Se012;o wa+so,,n .ISc ,) 11 SLaltull 

0 1"43a 1.39a ( (Ia 1.10a 
40 1.23 1.2(0a 1.39a 1.1(3.l
80 1.33a 1.84h 3-3b 3'42h
 

120 1.45a 2.01hI 2.(iUb 301 b
 

LSI) 0.37 0 61 0.37 061 

Value'sIulhlow d by the allic lelier are Statistically %iilarfill"is lve'n pIptilahiilli is each swn (P= (I 5) 

produced conparahle crip cover to 12(0 kg nirogenli/ha and 202%(!o and 62%(Vi greater LA I 
than wilhoul nitrogen or 40 kg nitrogen,,ha respectively (Table I). 

Blranching: 

The nuiber of branclles per plant was 1i6% less in the denser plant population. 
Alt ho ughlppliCalion ll nilrolgen fiv tiured branching, the dillereneces between the three 
doses applied were iinsignilicanli (Table 2 and Figure I). 

.... 

o..::.
.-...............
 

FiJgure' 1. +"So~l i,, blanlching abililty s allecled ht) lpopUloliorn dcnsil.) and lliliogelei|i+li/alliton 
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lable 2.Solaium hinciiig ability at Ismoplail dersilics 

lBranll'iplaltit 

Pilalntpolilallll'a i I)I IOIO
 

74100 .91,1 (5 la 

148 000 491.1 540h 

I.SI) 154 1123 

Value fo~llim'.d by dilfferentl I+ltters hit c'ah wLast+n aire sinif~lli'al[illy 
-

dill :oenl (/1- 0105.) 

Shoot:roof ratio 

Although unal cied hy changing lie plant poplula tion, the shoot:root ratio was doubled 
by nitrogen applicalions even at the low IaIlc o1"40 kg/ha. Flhther increases in nitrogen 
(X0 aid 120 kg,'ha) did not signilicantly increase the shooliroo I ratio i 3t months aflter 
planling (FigLure 2). 

Yield
 

Solainum dry matiter yield at 31 months after pla,ting was greater thani at either 3 or 4 
months alter plantini. when nitt.ogellgn was applied. Dry mattIer production at 31 nonths 

7 / VJI2 ~ 

Io 

2n i 
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Cropping I-swom VYl Il WthS.antIbo pu1Ip S1i 

~7 : 43 

'NinOV&,-10c 1,9,j90' 90)9 i' 	 h9i9) 9IOj9I H~9 9 I 
%kgIwil) . %gLdf.. , W .IS1 e I 

0 . 546; (Ma. IU...I 1747 106"a 

40 l~fil(bh 18634b 29171) 209) 230h 2391) 
2.19ck -qIt V797c* 4262c., 2V38k 31 Se~. 

120 2325c 2,40,, 4287d 4492c 3X2(d 3(,2(K 

3.14-7 II' 9 496 0 4.504 927.4 4920I 

k- '~ 	 II) h o~lum not signific~Iiy dilldrwh (P- 105).~Viilues rolIottd by commoul ltters h we)IIII 

after~ planting is illustrated in F'igure 3, Bosed on the4.2-year liverage~s, plIolhipuatIdio:% 

o 1'.148 O/OhIm produiced 38% and 46"X miore yildsIii n 74 000/1h when 80 tond 120 kg 
flirogen/ha was uapplied respectivly. The yield tidvaniage of' 110 kgt nitrogen/ha.1)411.	 ic.ompared with 80 kg/hia, was significant only inll1IC989j90)scasuii whv.n harvested 3t 

~~J ~ mouths after planting (4-2 lonnes/hli '..i-us3-7 1onaILs/hu for 148 000i pIlintslhu), yields-U 
iparabhWlL) fro nhen harvested 2wee~ks varirror later. 'rI~ yiedsr 80 

nlilrogClI/lh ill (lInLr popul 111011wrc similar file seasO% stltdiilIy ill 1990/91i 
(Table3 and Figuire 3).~ 

< 

in K-SM11j; Co 	 120;i: 
r 1,S I.IIIIIIIII ILNIiIII i0 1 IIIIIII I I 1r II IIIII 
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TIable 4. Mngivan gial ) ld, 

Nilween appliefd 74 DOO) 14$ (1111 

401 
hip 

124) 

I.SI 

07731a 
907 98j 
SX6II, 

79 74)a. 

10, 14 

NN; 6 1 
SM. Mia 
96~ 1II INI., 
879 3,I 

1IS$27 

N6 79., 
.)It 7 7.. 
Ni 911 
Nh9I00.1 

1 ( 14 

N86 ;7j 
927 SIi.t 
N,% 0., 

NO]-42ai 

t.18 27 

Gramii yielIds ofl iitiig. bcan11 showead lita1L)IearCorelationl %i111 solaikill treatmentsfl1 

(Table1 4). 

IIISSL11I~. 19.83iCII greajiterlIi..repI.\Ii a2l1521 i 1)11 111110tfllt LilyJ)Itilllllly i aTe. 

11111112ellikcietit I1251lce App)ica2*tion l IIXi llogeti 11.1ks sulic~,ieiit (0 ded11 uliztIi. kg 

Of LI dId haaziiill) heI\%CCi XII an~d 120 kg 1igeiCl IM~ ill thle delIisC. 11011P1110hlf 

\%0lLLI be2 Jue to ii iit suply~~i ofl ,illoiie IhiILii,.I .eeent ad) mc~I1211im ilL al thle 

Iiigliei 11llo geal Ie~tel 

iiisigificaldii ilic12 itth sIl-hol~iol Iriai. Applhicatihon 1) ilijlei. at1 least owlC 401 

kg hia. C2ias leat l b2lililSS actiiitill sllolaas uihiaig teiale clih\Ilo in illei 

I,.) haiCId0iletI IltalOUS andt e\jlClIsl'e pI.IctiL2 ofroot clih)12li i limi~tesi. lokilg li 11 

biomla.ss ilte final \16 [lai cllul2111 uiaI l plIo11111ille during't~l 12 ,islSMII oh,[ie 

It C;1a$ 1) be a tii ,.oniiitiiot liaised 'lus. tilt1the COUIIiihei,. to tile e12111l2 

Nieid ad~killge-, Ol .1 papkitlationci tsit\ oatfI 148000 plai, ha~ \ii ii tlrogell apph1lhitis 

0% 11 XI kg hac~l h ,hseh) 12ti12Iled \2LI1tiotsej~' lItlIIeIL~ill) 1110112edlietetI it12ktI10Cdi III 

stiulle hopilitluill LAI anid hnditehtlill!l. FlthI11Ili2i. it', ill tlie 12.52 .aothl annua11l 

soihlallacouN0lIc1htltI~ll lahls ((ruh 1973. Nallt 191), tile 111171demandti for~ llitnogC is 

it) 121)kg I11lat l1211cI Iw.Iagea. 

http:biomla.ss
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The decline inl yields from 3 1months It) 4 Imolllths al' r platling could be associated 
with reduced nel assimilation caused hy physiological senescence, delolialion and 
maitena nce respiration. 

Mung bean yields were comparable it those Iroin any olher cropping pattern ill the 
same agroecological region and season witli Ihe cuIlt LIa package 1doptCd.The lack of a 
significant response it the treatments applied to solarnili could be due to the lime gap 
between application of solinum treatments and Illng benl Cstlbiblishnle. inhereil 
adaptability o'lltung bealn as a legUinots crop to the arai aind. will regard it nitrogen, 
the fairly complete titiliialion by solatium itself. 

Conclusions 
Solanum can be sItcCessl'ully incorporated into the highlazd cropping systems of the dry 
and intermediatIe ,ocs is a wet season crop, penittitng adoption of it short duration 
crop stich as mtng bcaniml the dry scason wkith supplementary irrigationl. Further studies 
tIList investigate the fIeasibility ol' advaniting soMLultmn crop establishment and seedinig 
nuting bean immediately alter harvestilng Sollnuin. This would ensure greater tifilitatioll 
of the Ma ha season's residual solI moisture by niting beanii. 

The yield advantage ol applying nitrogen ill co1ncen1tratioln as high as 120 kgiha with 
70 kgiha of"PO, and 8) kg/ha of K 0 il denser plant populations (148 0() plants/ha) is 
cotsiderable il" Ihe handling and tranlspoirt cost o lthe harvest does 1101 pose illaeconlOic 
constra it t lhe cuirrent selling price (20 Rs kg). IIowever, it is Unlikely tha t the 
ordinary Irnier ih llthe ea can alllbrd such high rales of expensive nitrogen 1'rlilizer. 
Nevertheless, the yields of"3-7 4.2 ltonlesha from 148 (0(0 plants, ha and 80 kg nitrogen/ 
ha are of great promise and readily acceptable to the fIrimers. 

Preliminary on-lirm studies have rmealed that stich yields ire obtainable and would 
elfect iet returns of approximalely 40 ())0 Rs/ha. It is suggCstCd that., it"lhC I'lll Cropping 
potential were Iatched wkith demiild. sohlim1 wolld be a more attractive crop. ill
ecoloilltc tlr-lls, Itall nmai/e. presently the most popuIlar Mahia-sa;som upland crop in 
the region. Organi/ed collection anid tra nsport of' [lie ha rvest %%ill be needed to ensure 
economic viability. 
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