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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-
certaln climate and subgraded soil related factors, such as unir-
rigated dry highlands are the most affected.

Annual cropping system 1is the most important component of the
farm in above environments for income generation and subsistence.
Traditional field crops such as maize, cowpea, mur.g 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 achleving a satisfac-
tory level of 1living 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 1is
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
approprilate cropping system§ principles.

The recently developed Mahaweli System B bears vast extents of
highlands(approx. 2/3 of the total extent)ldemanding croppling sys-
tems development if any increase in present productivity levels
are to be achieved. Furthermore, there is wide variation 1in the
soils therein with the presence of many great soil groups includ-
ing Reddish Brown Earths, Non Calcic Brown, 0ld Aluvial, Recent
Aluvial, Low Humic Gley and Solodized Solonetz(DOA, 1990;MLLD &



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 Sclentific
and Industrial Research(CISIR) 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 1s 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 1lives. 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 Srl 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 1s low and a great 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 deneration) resulting in non-adoption of these crops
on-farm confirming further importation. Consequently, 1nvaluable
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



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 wutilize 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 1incorporated following
broad objectives:

a) To develop cropping systems packages for adopting selected
medicinal <crops 1in traditional cropping systems through on-farm
observational trials

b) To train extension staff and selected farmers 1in preparation
to adapt proven cropping systems on-farm for commercial produc-
tion

c) To continually monitor, assist and quide the growers to help
ensure technical and economic viability of the adapted cropping

systems
3 METHODOLOGY

Methodélogy 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-
tainabllity of the new cropping systems. This approach was deemed
approprilate for the present farming 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.



3.1 Observational trials
Based on the selling price, technical feasibility, age and con-

sumer awareness initially Katuwelbatu(Solanum xanthocarpum) was

tested 1In 5 selected farmer fields at lhalawewa in Dammina block
Yala 1991. Subsequently, plots of Senehekola(Cassia

angustifolia), Kapukinissa(Hibiscus abelmoschus) and

Ashwagandha(Withania somnifera) were established 1in selected

farmer fields in Dimbulagala, 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 systems. Farmers were sSelected In consultation

with Mahaweli Extension staff.

3.2.1 Training

a)sStaff

In preparation of farmer productién programs sclected 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 Mahawell
Authovity. Two trainings were conducted for Fileld Assistants, one
at Sewanaplitiya Block Office and the other at Mahaweli Reglonal
Training Center, Aralaganwila.

The training 1included ” in-class sessions of 2 1/2 hours each.
Detalled discussions on cirop 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 sec-
sion comprised technical details of adopting 10 selected crops in

the traditional farming systems, guidance on linking to available



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
éelecting 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 copiles 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
1 A slide-show on different cropping systems with selected:

crops

2 Nature of market and linking to marketing channels



3 Responsibilities 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)

1 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



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
necessary(requested) planting materials were re-supplied through
MARD. Planting materials for selected crops are now produced at
Central Nursery, Aralaganwila.

All farmers 1n the ©production program use the <crops to
diversify/irtensify their highland cropping system. Special at-
tention 1s palid to effectively utilize the unirrigated highland
for selectea crops. Preparation of organic manure and plaut 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.



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

Ingurupiyali

However, the cropping pattern and the specific component tech-
nologies must be decided by the farmer considering other crops of
the cropping system, seasonal weather patterns, land class and
soll, trends of family labour wutilization, 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, thelr
direct 1involvement 1in the farmer production programme must be
further ensured and organized through official chanals. This will
help strengthen the farmer confidence and subsequent active par-
ticipation. Furthermore, the feed-back 1if received from such
field extension 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-



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

demanded by organized groups of farmers themselves.

4.3 Prcduction program

The farmer production activities need closer collaboration and
monitoring by Mahaweli Authority official. At the moment most of
the fleld activities are 1implimented/monotored MARD. Already
trained Fileld 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 Thippill were prepared by CISIR and distributed by
MARD as follows.

Katuwelbatu - 6kg cf seeds

2kg .

Kapukinissa
Senehekola - 2kg .

Ashwagandha lkg ‘e

9



Central Nursery at Aralaganwila has undertaken multiplication of
vegetatively propagated crops for the farmers. Twenty five potted

plantd 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 iﬁitial crop expansion. This however
should more concentrate on efficient farm management and an or-

gunized 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 commnercial medicinal crop 13 produced

» ‘Avallability of appropriate extension facilities to the farmers
1s 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

* Awareness creation in existing marketing channels and asslisting
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

10



b) A properly designed continuous field/farmer monitoring
strategy 1s 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 4he project

d) On-farm 1investigations on intercropping models, sequential
cropping patterns, fertilization/manuring, 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 planning and implimentation
throughout the program

g) More collecters/commercial agents should Lz invited with
emerging demand and encou.aged to establish buy-back contracts

h) Some preliminary quality criteria must be imposed in due

course at selling

11
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APPENDIX

(Transparancies of training classes and 2 pamphlets)
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164 1. H. Ratnayaka et al,

information on agronomy, post-harvest handling and marketing necessary to the
adoption of solanum in existing cropping systems and the need for demonstrations have
greatly contributed to its continued importation (1DOA 1990, unpublished report; CISIR
1988, unpublished report).
Vist arcas of highland with low or no cropping intensity, and henee with great
potential for cropping sy stems diversitication, are availuble in the intermediate and dry
zones of Sri Lanka, mainly in the Mahaweli Project areas such as systems C and B.
Approximieely 44 000 ha ol the Muhaweli system C alone are carmarked lor both
rainfed and partially irrigated highland crops. Some proportion of this land is nlanted 1o
matize in the wet season and lett fallow, or occasionally planted to sesume, in the dry
season; however, a considerable area s left tallow alt yeur round (MLLD 1979; MLLD
1988, unpubhshed report). Thus, these environments ofler great potential for adaptation
of cropping systems with solanum, with consequent savings in foreign exchange, the
supply ol better quality phat materials tor indigenous medicine and inereised tarm
productivity. This piper discusses the results of 2 vears” lield experinents to investigate
(b teasibility of adapting a solanum mung bean sequential croppine, pattern in the
Mahiweli system C and the formulation of an aceeptable component technology for
solanuniin terms of plant spacing and mitrogen lertilization.

Materials and methods

The experimental site was w welt drained highland in the Agriculiural Reseurch Station,
Girandarukotte on altisols on the boundiry of castern dry and intermediate zones ot Sri
Lanka (720°NL 89 EL 96 a1y above sea level). Solanunt wiss transplanged in Lite December
tain season 1990 and 1991) 1o avoid the rapid Toliage developinent pliase overkspping

the peak of intense north cast monsoonal vans. Laght treatment combinations of

two phint populations, 74 000 plantsha and 148 000 plants/ha (45 e % 30 em and
45 e < 13 em plant spacing) and tour applications of nitrogen: 0, 40, 80 and 120 kg ha,
were assigned ina factorial randomized complete block design with 4 replications.
Phosphorus (12,04 and polassium (K,0) were applied at 70 and 80 kg ha miaed with
nitrogen in two equally split doses: basal and 5 weeks after plinting i all treatments.
Solunuan leal arca was measured 3 months after planting by the dise method (Watson
and Watson 19335 qad leat arcn index (LAL computed The number ol lateral branches
wits counled 3montbs atter planting. Total dry matter yields and shoot:root ritios were
determined using the oven-dry method at 3, 34 and 4 months after planting.

Mung bean wis seeded on the same plots 3 weeks after harvesting solainum, managed
with supplementary irrigation and the recommended cultural package (DA 1988). Grain
yields were corrected 1o 14 e maisture content.

Results
Leat area index
The LAL was increased 09%% by narrowing the within-row spacing to 15 em, which
doubled ahe plant population (148 000 plants’ha). Application o 80 ky uitrogenylit
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Table L, Leat area index of 3-month-old solanum as altected by plant density and nitrogen fertiliztion

Plant population

74 000 plants/ha 145 000 plants/hi

89,90

90,91

89,90

9091

. Nitrogen level
(kg/ha) season seison seison season
0 143 1-39a 060 1-10a
40 1:23a 1:204 ' 1 a 1-83a
80 133 1-84b 3-38b 342h
120 1-454 2:01h 2:80b J-0ib
LSD 0-37 061 0-37 061

Values followed by the same fetter are statistically similar for a given population in cach season (£ = 0-05)

produced comparable crop cover to 120 kg nitrogen/ha and 202% and 62%, greater LAL
than without nitrogen or 40 kg nitrogen/ha respectively (Table 1),

Branchin

The number of branches per plant was 16% less in the denser plant population.
Although application of nitrogen favoured branching, the differences between the three
doses upplied were insignificant (Table 2 and Figure 1).

T T —r T T T v T T T
LX) [N}
IM0/H1 mada Slaum
FON/90 Rans SEANKE
e /
ur 4 -
1 4 us
[
i i
3 3
} e 4.l |
i i
LTS / 3
31 N
‘ol
Porslatian deanity Papulotion deastty I
10w plesisine 144,00 plaare/ne Poputotion Seasiiy Porslation gensity
Yok et 1.0 plaatsine 144,000 ploete/ta i
1 i I 1 ' i 1 I L 1 1
L w o “ L] w L] L LY o

° w o am 4

1 1ea (y/ne)

Figure 1. Solanni, branching ability as afiected by poputation density and mirogen feitiization
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Table 2. Solanum branching ability at two plant densities

Branches/plant

89,90 2091

Plant population,ha Season s

T4 (tx) SHa O-18a

148 (X0 496b Sd0ib
LSH 054 0231

Vilues tollowed by ditferent Tetters in each season are sigmificantly

difterent (#--0:05)

Shoot:root ratio

Although unaflected by changing the plant populiation, the shoot:root ratio was doubled
by nitrogen applicitions even at the low rate of 40 kg/ha. Further increases in nitrogen
(80 and 120 kg’ha) did not significantly increase the shoot/root ratio at 3} months after

planting (Figure 2).

Yicld

Solanuni

Solanum dry matter yield at 34 months after planting was greater than at cither 3 or 4
months after planting when nitrogen was applied. Dry matter production at 31 months

8 teeni Vpiray

T T T d T v T T T LA 1 T
0 . . - o
1999/% mana $0a80m
s 190/ s S
l wl. B
- 7 \ o 1
~ /
\

1 ol . J

i

i

/ IS
nl .
wl - -

Permlaties sennity Possintios denstty
TE 0N plastarie 1700 pleacsine
Poomtotion dussiiy Pirslation dansicy
1.0 plascaine 1,65 yleatsine
o}
A n i s 1 L t n N L s L
¢ W ® om0 m wm an w W o 0w oW e

o lered (y/na)

Figure 2, Ltlect of populiation densty and mitrogen fertilization on solinani shoot.goat ratio

[
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Table 4. Mung bean gram yelds

Solanum plant density. ha

Nitrogen apphed 74 W0 S 00

ter solanum

(hg ha} 199 1992 1991 1992
(1] N77-da 8830 hU A UN 8637
B PYRURE By 00 PIR IR N DAYERITRY
B NOO 0 YOV ERYATII EIRS Y

(K] 7145 LYDIRA] RO URTIN M2

LSD 10514 138-27 10514 135827

Figures witlun population column of cach season followed by connon letters e not sttsteadly ddlerent
(F=008)

Mung bean

Gram yields of mung bean showed no clear correktion with solanum treatments
(‘Fuble 4).

Discussion

The LAE s closely associted with the amount ol photosyntheticully active radiation
itercepted, and thus detersimes the total plant dry waght (Eiston 1983 The greater
LALin populations of 148 000 plants, ha, although with restricted branching, indicates
more ¢ticient resource utihzation. Appheation of 80 kg oitrogen: Ju is sutlicient 1o ellect
the optimum LA the canopy stracture at this population density. Statistical sibarity
of LAL and branchinng between 80 and 120 kg mitrogen ha in the denser populition
would be due to o lmuted sapply of another nuteent clament and overcrowding at the
Iugher ntrogen level

Crowding vestricts solanum shoot and root deseloprirent amost equally, causing
insigniicant differences in the shootroot ratie. Apphication ol nitrogen. at least over 40
Kl causes relatnely more bionss accumulation i the shoots, enabling the farmer
to torego the iborious and expensive practice of root collection at harvest. Tabing toal
biomass as the tinal yvickl, the concwrrent assimilation of the photosynthate dunng
arow th can be considerad 1o be o direet contnibution 1o the econonne harvest. Thus, the
yield advantages ma population density of 148 000 plants ha with mtrogen apphaitions
over 8O kgl can be closely correlated with the pheosynthetically more ellicient canopy
structure (optimum LA and branchimg). Furthermore, as i the case of other annual
sulinaceous medicnad crops (Crush 1973 Nine 1985), the lugh demand tor nitrogen is

wdicitted by the positive correlation between nitrogen level and dey matter yicld. esennup

1o F20 kg hav ot apprhied ntrogen.
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The decline in yields from 3§ months 1o 4 months after planting could be associated
with reduced net assimilation caused by physiological senescence, defolintion and
maintenance respiration.

Mung bean yields were comparable to those from any other cropping pattern in the
same agroecological region and season with the cultural package adopted. The lack of a
significant response to the treatments applied to solanum could be due to the time gap
between application of solanum treatments and mung bean establishment, inheremt
adaptability of mung bean as a leguminous crop to the area and, withi regard to nitrogen,
the fairly complete utilization by sokuum itself.

Conclusions

Solunum can be successtully incorporated into the highland cropping systems of the dry
ancd intermediate zones as o wet season crop, permitting adoption of a short duration
crop such s mung bean in the dry scason with supplementary irrigation. Further studies
must investigate the feasibility of advancing solinum crop establishment and seeding
mung bean immediately after harvesting solanum. This would ensure greater utilization
of the Maha season’s residual soil moisture by mung bhean.

The yield advantage of applying nitrogen in concentration as high as 120 kg/ha with
70 kgrha of PO, and 80 kp/ha of KO in denser plant populations (148 000 plants/hay is
considerable if the handling and transport cost of the harvest does not pose an economic
constraint at the current selling price (20 Rs/kg). However, it is unhikely that the
ordinary farmer in the arca can aftord such high rates of expensive nitrogen lertilizer,
Nevertheless, the yields of 3-7 4-2 tonnes;ha from 1498 000 plants, ha and 80 kg nitrogen/
haare of great promise and readily acceptable to the farmers.

Preliminary on-farm studies have revealed that sueh yields are obtainable and would
etlect net returns of approxmately 40 000 Rs/ha. 1t is suggested that, if the full cropping
potential were matched with demand, solanum would be a more attractive crop, in
cconomic terms, thun maize, presently the most populisr Maha-season upland crop in
the region. Organized collection and transport of the harvest will be needed to ensure
cconomie viability.

Acknowledgements
The authors wish to thank Ms C. K. Wickramasinghe, Mr Kithsiri Perera and Mr W. L.
Samaratunga for technical assistance, and the stafl of Natural Products Section, Ceylon
Institute ol Scientilic and Industrial Research and Agricultural Research Station,
Girandurukotte, Sri Lanka for their cooperation. They are gratetul 1 the Natural
Resaurces Energy and Science Authority of Sri Lanka for financial assistance.

References

Crush J. R (1973) Mineral nutriton and athalond accumulation m Solamen fecmanm and S, aviculure. New
Zealad Journal of Experomental Agricudiee 1, 187 190,



170 .1 Ratnayaka et al.

DA (L98K) Cultivatton Gude for Mung Bean. St Lanka: Pablicanon Division, Departiment of Agriculture.

Elston J. (1983 Biological basis, physical envieonment and crop productsity. bn: Potentiad Produciviy of
Freld Cropy snder Didleviant Ensieonments pp 3V 5 Philippanes: IRREL

MLLD (1970 Feavbiduy stadv, Sivtem C Tluoting Teduical Seevices Lk, UK ppe BEE 420 Colombo Sni
Lankas Mty aof Land and 1 and Desclopment

Narr GLS. U985 Growth amalysis and mirogen aptahe studies onaduced autotetraptosds and diplods of

Seddanunt e Dunnad. Mvosere Jowrnal of Aenculiaral Scences 19, 1330 115
Watson D) and Watson M A (1953 Companaiine physiodogical studies oncthe growth o ticld ctops dnnals
of Apphed Biolugy 40, 31 37 .



