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John S. Caldwell 

IN TRODUCTION 

Farming Systems Research and Development and AVRDC Clientele 

Farming Systems Research and Development (FSR&D) is a term. that has 
come into wide use in recent years for applied multi-disciplinary research 
designed to strengthen the technology adaptation process. The term embraces 
two distinct types of research activities. The first type is called Farming 
Systems Research/Extension (FSR/E), or simply Farming Systems Research 
(FSR). This refers to applied, site-specific crop and/or animal research 
designed to adapt production technology to meet the goals of households, taking 
the economic, institutional and social constraints they face "outside the farm 
gate" as given. The second type of activity is called Farming Systems 
Infrastructure and Policy Support (FSIP). Tnis refers to socio-economic 
research designed to provide recommendations for institutional and policy 
change, with the ultimate objective of expanding the range of alternative 
production technologies that can be tested "within the farm gate" (40, 119, 51, 
55).
 

Both FSR/E and FSIP share a common objective, to expand the "menu" of 
production alternatives available to farm families. All FSR&D work begins from 
a common starting point: diagnosis. Diagnosis is the first of the four stages of 
FSR&D: diagnosis, design, testing and extension. These stages result in the 
generation and adoption of new technologies in homogeneously-defined groups of 
farm families. These groups are termed "recommendation domains" (36). Based 
on the diagnosis of current production practices, constraints, and goals of the 
farm families in each recommendation domain, decisions can, be made early in the 
FSR&D process concerning the degree ot emphasis to place on FSR/E versus 
FSIP. Ideally, then, FSR/E and FSIP activities should reinforce each other as 
the FSR&D process proceeds through diagnosis, design, testing and extension 
(19). 

In reality, however, there have been few examples of FSR&D projects 
where FSR/E and FSIP have been integrated. The Caisan project in Panama is 
an exception (48). Most FSR&D projects have either stayed "within the farm 
gate" and focused on on-farm trials, as in Hildebrand's work in Guatemala (37), 
or emphasized surveys for policy recommendations, such as Purdue studies in 
West Africa (45). 

Within FSR/E, a further distinction is made between "upstream" and 
"downstream" FSR/E. "Upstream" FSR/E refers to crop and/or animal research 
based on diagnosis of farm conditions, but done on-station. It is designed to 
gernerate prototype solutions that can he further adapted to each 
recommendation domain in the target region where the diagnostic work is done. 
"Downstream" FSR/E, on the other hand, refers to crop and/or animal research 



done on-farm. In many cases, diagnosis can lead directly into "downstream" 
research, if available technology from previous station research matches farm
family priorities and constraints. Where such station technology is not
available, however, "upstream" research may be i,,cded to provid-' technology
alternatives for "downstream" on-farm testing (28).

Current FSR/E methodology is hased largely on work with agronomic 
crops. Examples include the rice-based cropping systems work of theInternational Rice R earch Institute (Iw RI ) it) Asia (33, 60) , the maize-based 
work of the International Maize and Whe,-i Improvement Cenlter (CIMMYT) in
Latin America aod Easl Africa (16, 36, 8t, 5.), nd the corn and hean-centered 
work cit the Instituto Cie Ciericia y Technologiii Agricolas (ICTA) in Guatemala
137). 

For the past 10 years, the Asian Vegetable Research and Development
Cen er (AVRDC) has worked to expand the range of techliiology alternatives for 
vege, hle crops in Southeast Asia. In i a very broad serise, all of AVRDC's 
work coild be called a type of "upstream" research for Southeast Asia
whole. Vhis has alsi beel Moved 

as a 
to a conJtr,,,-, and even within-country

region --apeific, hasis, throuJh tlie On)treach Programs and cooperating nationa:
and regior'. i experiment station research ill the different Southeast Asian coun­
tries. 

AVRDC reseirch is iimed at two different types of clientele. The first 
type is specialize'd vegetable producers, usually located either in highland areas 
or arndnd large urban centers in Southeast Asia. These producers are highly
commerciilized ardi cain reidily tiilize new, advanced technology. There is lessneed to take a sys teris approach toi the iritroduction of new technology for these 
specialized iroducers. 

Th, otliir type of clientele served by AVRDC are diversified, small-scale
producers. Tliem- frm families girow vegetables is one comporient of a complex
mix of activities, ircliidirnj staple crops, fruits, animals, fuelwood plots, and 
nori-agricultUral activities,. Their objectives in (jaowing vegetables include both
sale and boMe d' inirriptilr1. For these clientele, a systems approach is
essential, in order to target )l)o rtirnities ifor technology development most
likeiy to be coirj tilili with tall the dJiverse activities and goals that comprise 
their farming <y,etnCi . 

AVRDC ricci. id the- riced to understand the far-Ming systems of the

second type of clierltlee whe) it established the economics department. The

work of Cilkiris, Iluag , aid Others in 
 the economics department did riot

restrict itself to economic evaluation of ilidividUal crops, hut rapidly moved

towards studies of wholc 
 farms anid the (oials of farm families in Taiwan in the
 
mid-1970s (23, 211, i1).


The ultimate objective for AVRDC's diversified clientele is to select AVRDC

technologies to ieet farm-r family 
 needs in appropriate recommendation domains
and tailor the technologies to the local :inditions of the domaii. The primary
responsibility for this task lies with the personnel of national research and

extension instititions. AVRDC 
 can help by developing methodology for
technology tailoring. In recognition of this, the AVRDC L)evelopment Program 
was establisfed in 1979. 

The - tudy reported here is one part of the AVRDC Development Program
effort. I1 built on the earlier work by Cillkins and colleagues ir Taiwan, and

sought h) expand 
 its scope, bloth in methlodology and in target area. The
study . cOnlducted with the goal of (leveloling a methodology for integrating
 
surveys (of vegetable priduction, 
 conm rription, and marketing with experiments
based on AVRDC crop management research. The target area wac two
municipalities in IhIcos Norte, Phiilipl.ines. The stUdy was begun in 1978 with
the stated objective of assessing the pitential for increased rainy season
vegetable production within the context of the "farmer's system" (17).

The case study is presented with three objectives. First, it documents 
one way in which AVRDC has sought to develop farming systems methodology
for its diversified clientele. Second, it provides an example of the application
of some of the tools of farming systems analysis to a vegetable-centered 
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problem. Third, it illustrates the importance ot policy and infrastructure 
support (FSIP) considerations for vegetables. 

Organization of the Case Study 

In 1979, a survey of farm family consumption of seven vegetables and 
farmer experience with and attitudes towards their production was done for 175 
farms in two municipalities, Laoag and Dingras, in Ilocos Norte. Prior to the 
survey, the 175 farms were first classified into three locational strata and four 
farm types based on secondary informnaton, an informal survey of village heads 
and extension personnel, and a census of seven villages. This work 
corresponded to what is now termed the diagnostic stage of FSR CD. The 
farming systems conceptual model, nethods, and major findings of the diagnostic 
work are reported in an AVRDC Technical Bulletin titled "Vegetable 
Consumption and Production in Two Municipalities in I locOs NOrtu, Philippiies'" 
(20) (see 	 F:ig. 1). 

The inclLIsion of corisrlrript ion reflects the unli(Lue marn(Late of AVRDC. 
Alone among the major interriatiroial centers, AVRDC's rmandate includes 
nutritional imlroveiiwnts. This in tUrn reflects the imporint cool rilutions that 
vegetabhle crop, c(ii make to mineral, vitirin, aid ri)ote;n nritrition Pill, 511). 
At the same time, increasing recoglitiin is also being given now to the need to 
include corSLIn)tio)n in the design arni evfluation of FSRF D technology 
develpment (27, 5i). 

The 	 study i-,incluP(e d 'airvey of cropping iatterris , crop production 
ovi'r,itl r(rga su' farms.practices, inld firm l ou iold ii;'alion for a -. ,imple of 32 

Data oi vegetalle prices w.ere gathered fr(,;: two local rnirka t,, and data on 
inpLut prices were gatlhered IrOln form slIpply stores ill roth municipalities. 

.These daLa r(l)reserit what i row clled "corlinulingj clilrcterizatiorl" ill tile 
design n d t(-itiq tUi(j Of fi SI ,D. 

(od w 	 IColrCIi'rerit lI', fi 'pe._llitlilt re corirlurltr((l iCd c onirrioI; cabbage, 
mungbearr, tou:iato, id sweet Wil a1t the Plhilip)pfilee aureaU of Piuiut Industry 
Experiment St 'ion, I)igr ai, Ihlco, No-te. 1Iree experiments represeIIt w hat 

WOild nOW 1)0clle,:l r iJiolill "LJstreal r FSI-. 
The result, iI thne nlrrirt ic s,u veys, tre corrtinui j cliarwcterizi;tion, and 

the ''upstrerri" field ( <Jwrirr trr t, were then cornbiiiei to assess the potential for 
expanding altlrrat i or raiY sason vegetable produ(ctiori in I locos Norte. 
The study was thri ,i t,'pe f opllorlcllt technology develnpient, taking into 
account the ouer fi g .iiyrteM ('1l. 

Tie tody of tih report (I , ,, ss )f three parts. TIhe first part, 
"Assessing )r dictiion captl)ilt y d( -cribes tIe ratiorlale for the selection of 
the four crop,; tested, experhietal miiteriarls and metlieds, and m;jnr findings 
from tlre 'ipsr "field ex erirwets. Tire second pa-Irt, "Assessing 

compatibility with the existiruq f;)rniing sy1 tei', prsennts the nnethd(0ogy used 
to integrate the ,r Wv!y iil e(x perrimental reslts, together with highlights of 
the integratiii of results. Fh third part, 'lnrplic tiOr;s for futtre F-SRD 
work with vegtal)es,' r surmarizes thre corrclusions of the case study arid 
indicates ways in which ti: rretliod~ loy tresentcd lere could )e modified based 
on recent developmeruts rn thre FS R rlD literiture. These suggestrions also 
indicate how FSR/L and FSIP c; r be more, effectively linke(d as future tailoring 
of AVRDC technology mvcs from UJl)trecirr'" design to "doiwnstreanm" testing 
and extensiu. Figure 1 depicts the orginiza tion of this report and its 
relationship o the previous bulletini (20). 

The purrticnllr fitndings reported here reflect the state of farmin systems 
in Ilocos Norte arnd AVRDC technology in 1979--80. Sulbsecuent ly, there have 
been changes in t he fa rming sys ters in Ilocos Norte. Likewise, farming 
systems will differ in other areas where AVRDC technology might meet farm 
family needs. AVRDC technology also has continued to progress. The results 
here are presented, therefore, not as specific production recommendations, but 
to provide concrete illustration of ways to integrate farm family surveys and 
"upstream" FSR/E experiments. 
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PART I: 	 ASSESSING PRODUCTION CAPABILITY 

Selection 	of Crops 

Th~e survey data served as the basis for the evaluation of field experi­
inents conducted at AVRDC, Shanhua, Taiwan, from June to December 1978, 
and the Bureau of Plant Industry 'xperirnent Station, Dingras, Ilocos Norte, 
Philippines, from June to October 1979. Four vegetable crops were 
irivestigated: tomato, common cabbage, mungbean, and sweet potato. 

Thic ]locos area is known in the Philippines; for the importance of 
vegetables in the diet. Despite the prefererce for vegetables in the diet, 
however, consumption decl ines during the rainy season die to lack of local 
production and high prices of vegetables from highland areas (personal 
cb-ervation, 1968-70). This wa. the problem which led to this -,tudy. 

There were several rea son,' for choosing the ahove four vegetables. Both 
tomato al(1 muMclhean are among the most popular vegetables in the diet. The 
survey en farmer vegetable production (20) indici ted tha t some farmers planted 
tomatoes before the end of the rairny season, awl that many planted mougbean 
during tie rainy season. Sweet potato is predominantly a snack food, but new 
AVRDC varieties higher in Vitamin A could contrihlr(to to improved nutrition. 
Common cabbage is sed more ini the diet than ChinlseU caili)a(je, and iml)ro\,ed 
varieties capable (if lUolirrrj under high temperatures are available in the 
Philippines. 

In choositg the above v eaptahle crops for experimental study, this work 
used a definition of horticHtural crops, and vegetable crolp in particular, that 
is broader than the definitioin traditionally used in the United States. In the 
United States horticultural crol)s aret distinguished from agronomic crops on tie 
basis of perishability and intensityq ()fcultivation. Agronomic crops are usually 
utilized in a dry, maturU state, Ih t IIorticulturl crops are more often utilized 
in an immature state high in water contet. lli)rticult(ral crops ire also 
characterized by more intensive labor use antd ty greater inputs of technology 
and capital per unit area of land (46). 

In the Asian setting, however, the ahov dist inctions present problems. 
For example, i grain utilited the lutmungbean is legume in dry :-,tote, AVRDC 
includes it amon(j its priority vegetable crops, along with .oyleari, another 
legume used in both the inimature and mature states. Rice may he planted in 
the United States by broadcasting the seed from airplanes, requi rig very little 
labor input, but in much of Asia, rice is typically hand-transplan ted one 
seedling at a time. T remen(ous aimiounts of hand labor are similarly used at 
harvest 	 to cut each rice stalk at the base. On the other iand, in the United 
States, planting and harvestirig of many vegetable crops, even perishable fruits 
such as tomato, is becoming increasingly mechanized. Moreover, in the target
region of this study, more farmers used purchased imputs for rice than for 
vegetable crops (Table 1). In farmer exposure to and adoption of new seed 
and technology, rice has also pireceded vegetable crops. 

Table 1. 	 Sub-sampl, farmer o;e of fertilizer and agricultural ctemicals (percen­
tage of sltb-sample farmers who planted in 1979). 

Number Fertilizer Apricultura chemicaIs 
Crop planting 3an;aI Side- Insect i Fungi- lerbi­

in 1979 Commer- Organic dressing cide cde cide 
cial matter (commercial) 

Rice 31 13 42 90 84 6 13
 
Watermelon 3 0 33 100 100 33 0
 
Bell pepper 3 0 0 67 67 0 0
 
Eggplant 17 6 18 47 59 6 0
 
Tomato 11 0 18 36 55 9 0
 
Mungbean 23 0 17 9 65 0 0
 
Sweet potato 9 0 44 0 0 0 0
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In order to avoid these problems associated with traditional definitions of 
vegetable crops based on perishability or ir'ensity of labor, capital, and 
technology use, this study used a definition based on dietary utilization. In 
both Northeast and Southeast Asia, rice is the staple food of the overwhehlin­
majority of the population. Although, for example, the Malay languages Ilocano 
and Tagalog in the Philippines have no linguistic relationship to either Chinese 
or- Japanese, it is significant that all of these languages classify foods in the 

same way. In Ja paInese, the word comnonl y iwed for "inal" (1gohan) literally 

means "cooked rice"; in Ilocano, the word "to eat" (niangan ) is a modified form 
of the word kanen, "to eat rice." 

Contrasted with the staple food are supplementary foods that are eaten 
together with rice. This concept is identical in Clinese (fushi), Japanese 
(collogually, o-kazu; the Clinese-derived word, fukushoku, -salso used in 
writing), Ilocano (sida), and Tagalog (ulam). In all cases, these words include 
both vegetables andother foods eat en with rice such as fish, meat, and eggs, 
although they do not include desserts or other "foods of pleasure" (shikohin, in 
Japanese) such as fruits, heverages, or sweets. This study, therefore, 
defines vegetablek Crops as "s [leementary fends of herbaceous plant orgin that 
are eaten together with a staple lond." This (efinition is sufficiently broad to 
include all of the crops treated as vegetables at AVRDC and is entirely 
consistent with the nic (1, 50) tood c.icelts of )eople in both Northeast and 
Southeast Asia.' 

Experimenal __tterias and_ Methods 

Previous reseirch anitI otbservadion of farmer practices in Taiwan suggested 
several methods nf crop ,"noaguteitwhich might be investigated in combination 
as a moans of ie)rovinqig the comA itiotis for growth and yield of the above four 
crops dlu~ring the rainy season. The rainy season in locos Norte is from June 
through September. Rainfall during these montIs averages over 300 mm 
monthly t3W). Figures 2 and 3 shlv, that rainfall and temperatures in Ilocos 
Norte and southern Taiwan, where AVRDC is Iocatec, are similar during the 
rainy season months (9, 30). 

600 ------

Gobu
 

400 -

E
E ' Fig. 2. 

Ilean rnonthly rainfall at Gabu, 
1locos Norte, 1965-79, and Tainan, 

ITaiwan, 1897-1970.200 


- b.
 

J F M A M J J A S 0 N D 

Month 

T-~is--clioitiin was originally tpropised to (then) AVRDC Associate Director 
Dr. James J. Riley in 1978 when reviewing a paper which he was co-author­
ing, and first ape,-,red in the final version of that paper which Dr. Riley 

presented at thre Conference on Tropical Foods: Chemistry and Nutrition, held 
28-30 March 1979, at IHnolulu, llawaii (511). 
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First, experiments conducted at AVRDC in 1977 and 1978 suggested that 
organic matter (rice straw compost) compensated in part for low fertility due to 
leaching in the rainy season (L2, L3). Interpretation of other data (2, 11, 12, 
13, 1 , 15, 57, 58) suggested that N contained in organic matter is most 

available 30 to 115 days after application in the soil. Thus, it was hypothesizedthat N in organic matter applied just prior to a rainy season planting would be 
held until the time that the plant would be entering a period of rapid vegetative 

growth. 
Second, specialized high beds 60 cm in height which are maintained for upto 	 five years are used for year-round vegetable production by farmers in the 

Yung Ching area of West Central Taiwan (25, 59). Little research has been 
done, however, to modify this system for shorter-term use by farmers in other 
developing countries. 

Third, previous research at AVRDC hlas shown that rice straw mulching 
was superior to otherstawcopos)forms orlowfetiityduChineseorgni mtte(ic of mulchingomenstefor determinatei pat tomato and t
cabbage (3, Lj.,5, 6, 7, 8). 

Accordingly, experiments were designed to identify the economically­
optimum combination of the following management practices for rainy season 
production of the tour crops: 

a) 	 Organic matter (rice straw compost and/or pig manure) used as a partial 
(0, 25 and 50%o) source of crop N, with the objective of reducing N loss
due to leaching.
 

b) Fertilization at 75, 100, 125, and 150% of recommended rat7s.
 



c) Bed height (10-40 cm range) and width (1 .0-2.0 in range), with the objec­
tive of obtaining improved drainage and aeration witl less labor expen­
diture and 	 for use over a shorter period of time than the specialized beds 
described above. 

d) Rice straw mulching, as a means of reducing erosioni and root exposure,
controlling 	 weeds, preventing eXCeSsiVe surface drying of raised beds
during intermittent dry periods in the rainy season, and avoiding soil
dispersion that occurs when rai, drops dire tly strike the bed surface. 

All experiments were conducted using three or four replications. In 1978,factors (a) and (b) 	 were studied in one experiment each for tomato and common
cabbage. Factors (c) and (d) 	were studied in a separate set of experiments,
one for each of the four crops (Table 2). In 1979, all factors were combined in 
one experiment each for tomato, common ciihbage and iungbean (Table 3).

Results of soil, compost, and pig mdnure analyses; calculation proceduresused in deriving fertilization rates; and specifics of fertilization rates for the
experiments are presented in detail elsewhere (18). In 1978, h iqI bed subplots
were prepared by physical transfer of s5c, from 	 correspo;t i rig low bed subplots
in each main plot. In 1979, a more realistic procedo ri involving repeated
plowing and 	 shovelig of soil up front turrows was tevised for the 2.0 mi--wide, 
high bed plots (Figures 11-5). 

Crop prot ctioii followed AVRDC ad/or Phili)pir Council for Agricultureand ResoUrce, Research recommenrit i is , depending on the availafh-ility 	 ofchemicals. 	 AVRDC cultur l practices m..refollowed in other regards except 

TabS)]e .	 , V :fort" k- t C( i 11c-i i it AV -)C(
975. 

h:e- r imrent- Crc;j 	 1)et, 1 '! tfi p lit; ll t LItS 

I, II 	 Tiom to, 3:1 [,S ) 25 or 	 ?7, Pic), or 
cab!larpe '0/, or" 	 1.2W?"! 

recomen!l: tiOn" 

lII 	 Tomato C"5, 3 Wide (1.5 m) High (12 or 26 0, 5.625, or 
reps. vs. narrow cri) v :. li..' I1.25 t/ha

(0.1 m) 	 (20 or 17 cm)" mulch 

IV Cabbage 	 RCB, 4 Early (Aug.) iHici (:3 cm) 0, 1.875 or
 
reps. vs. late ... rw 
(23 cm) 3.75 tlha 

(Sept.) mulch 
plaiitit1gmlc 

V Mungbean 	RCB, 4 Hide (1.5 m) High (41 or 33 0, 2.5, or
 
reps. vs. 
narrow 
 cm) vs. uw 5.0 t/ha

(1.0 m) ( onr6 21 cm) 	 mulch 

VI 	 Sweet RC-, 4 d'Hide(!.5 m) High (33 or 28) 0, 2.5, or
 
potato reps. vs,. 
 nlrr ," 	 vs. lowcm) 5.0 t/,'la 

( . o,, mulchm) 	 ir 20 cm) w 

Z LS = Latin 	 Square; M,B liridomi:eud Complte Block. 
Y 0, 25, 50% om -- 0, 25, or 50() of' reic lieniidatiii u,2pliied Iv%orgairric Mcitter (0,
11, or 22 t/ha rice straw compost 
 and H, 3.7, or .3 t/ha pig manure for tomato;(, 20, or 40 	t/ha rice straw compost and 0, 1. 1, O. 12.2 /ha pig manure for 
xcabbage).Inorganic
ba N,, P, and K added to bring trtals up to appropriate sub-plot per­
centage, where 100. level was 180, 60 and !80 kg/ha N, P2 0 5 and 160 K2 0 re­spectively for tomato (AViC recommendat ion) or 300, 80 ano 160 kg/ha N, t'05and K20 respectively for cabbage (Taiwan Experiment Station recommendation).First height 	value refers to wide beds; second to narrow 	 beds. 

, Planting dates arranged as strips across high and low 	 plots. All beds 1.5 m 
wide.
 



Table 3. 	Summary of experimental design for experiments conducted at Dingras,
 

Ilocos Norte, Philippines, 1979.
 

Experiment Crop DesignZ Main plots Sub-plots
y 

Sub-subplots
 

I Tomato RCB, 4 High widc Local w/o om, 0, 7.5 t/ha
 
reps. 	 (40 cm x 2.0 100% w/o am, mulch
 

m) vs. low 100% w/ 25% om,
 
narrow (20 125% w/o om,
 

cm x 1.0 m) 125% w/ 25% om
 

II Cabbage RCB, 3 Semi-high Local w/o om, 0, 5.0 t/ha
 
reps. 	 wide (25 cm 100% w/o om, mulch 

x 2.0 m) vs. 100% w/ 25% am, 
low narrow 125% w/o on, 
(10-15 cm x 125% w/ 25% om 
1.5 m)
 

III Mungbean RCB, 4 High wide Local w/o om, 0, 2.5 t/ha
 
reps. (35-40 cm x 100% w/o om, mulch
 

2.0 m) vs. 100% w/ 50% om,
 
low narrow 150% w/o om, 
(15-20 cm x 150% w/ 50% cm 
1.0 m)
 

Z RCB - Randomized Complete Block. 
= Y Local Local Philippine Bureau of Soil Laboratory recommendation: 

90, 120 and 	 0 kg,'ha N, and K20 respectively for tomato;P 2 05 

150, 60 and 0 kg/ha N, P 2 ( for cabbage; and
5 
20, 40 and 	 0 kg/ha N, for mungbeanP 20 5 

100, 125, 15(% = Corresponding percentages of AVRDC recommendations after 
modification to reflect differences in soil P and K status between AVRDC and 
Dingras fields. In treatments with organic matter, inorganI.c N, P and K added 
to bring totals up to appropriate sub-plot percentage, '-here modified 100% level 
was:
 

180, 120 and 120 kg/h:, N, and K20 respectively for tomato;P2 0 5 

200, 80 and 80 kg/ha N, 1'205 and K20 respectively for cabage; and
 
30, 60 and 100 kg/ha N, and K20 respectively for munghean.
P2 0 5 

W/o ora, w/ 25% am, w/ 50% on = 0 and 25% (tomato and cabbage) or 0 and 50% 
(mungbean) of N requirement .roppiled by organic mattter (30 t/ha pig manure for 
tomato, 34 t/ha for cabbage and 20 t/ha for mungbean). 

Fig. 4. 	 Preparation of high beds by repeated plowing and
 

shoveling of soil up from furrows on to bed tops.
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Fig. 5. Completed 40 cm-high beds.
 

where deviations were required by the rature of the treatments or differences 
In soil fertility. 

Common Cabbage Results 

Early yield of cabbage (cultivar IKK') planted in August 1978 wassignificantly (P<0.05) greater' highon beds than on low beds (Table 4). Thinmulch tended to increase early yield, and absence of mulch resulted in highlysignificant (P<0.01) delayed yield, but bed-mulch interactions werenonsignificant in 1978. 

Table 4. Effect ot bed height on marketable cabbage
 
z
,ield, August 19 78 .
 

Yield (t/ha)/harvest y

Bed system 1-3 4 5 
 6 7-9 Total
 

High 8.1 8.7 
 10.7 8.2 3.1 37.7

Low 4.3 
 3.9 11.5 11.2 4.7 34.3
 

SignificanceX * * * NSNS NS 

z Planted August 17.
 
Y Means of three replications. Totals may not add across
 

because of effects of missing values estimated by least
 
squares. Harvests Oct 4:
1-3: 16-30; Nov. 7; 5: Nov.
 

X 13; 6: Nov. 21; 7-9: Nov. 4y-Der.-, 5.
 
NS, *: Nonsignificant or significant at the 5% level

based on general linear models of
analysis variance
 
tests.
 

Environmental pressure was more severe in 1979'than in 1978. In1 1979,precipitation from planting to initial harvest was 844 mm. Of that total,
(644 mm) occurred in the peak 

82% 
growth and head formation period 15-42 daysafter planting, Weekly precipitation during that four-week period exceeded 140mm/week. In contrast, total precipitation in 1978 was only 4154 mm. Over halfoccurred in the first two weeks after planting, while only 25% (115 mm)occurred during the period 15-42 days after planting. As a result, overallmean yields in 1979 were lower, but ,hd-mulch interactions were significant.Yield of cabbage planted in July 1979 was significantly, (P<0.05) greater onmulched semi-high beds than on unmulched semi-higrr, mulched low, or

unmulched low beds in 1979 (Table 5). 
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Table 5. Effect of interaction of bed system and mulch
 
z.
in marketable cabbage yield, 1979
 

Yield
 

Bed system (Y/ha)Y Significance
X 

Mulched semi-high 31.7 a
 
Unmulched semi-high 22.8 b
 
MuJched cw 17, 3 c
 
Unmuiched low 14.0 c
 

Z Planted July 5-i. 

y Means of qhree replications, harv ted Sept. 12-Oct.
 
12.
 

X Mulch-hed interaction significant at 57 level based on 

analysis of variance test. Means separation by Tukey's 
Horestly Sig ni ficant Di f ference (w procedure) , 5% 
leve I. 

The use of organic matter and lower fertilization rates had highly 
significant (P<0.01) and significant (P<O.05), respectively, negative effects on 
marketable cabbage yield in 1978. Actual mean inorganic N rates were identical 
in both sets of comparisons, suggesting that yield responded primarily to the 
three sidedressings of inorganic N (80o of total inorganic 11) applied near the 
shallow cabbage roots. In 1979, when the fertiliz.ltio,. treatments covered a 
smaller range of inorganic N applications than in 19/8 1150-250 kg/ha io 1979 
vs. 75-375 hg/ha in 1978), there were no significant differences amorg ferti­
liz,_ a'n treatmerts. 

Tomato Results 

Overall, yields of the AVRDC determinate line (C 11--d-0-2-2--3) used in 
the 1978 experiments were low (3.6 - 6.9 t/ha). Wide raised beds tended to 
increase early yield (1.1 Uha vs. 0.5-0.6 t/ha) of tomato planted at the start 
of the rainy season in 1978, hut late yield was significantly (P<0.01) jreater on 
low beds than on high beds (5.8 vs. 3.8 t/ha). Similar but nonsignificant 
trends were seen in the fertilization experiment: yield in the earliest harvests 
was greater in the treatments where organic mater was ,iued as a partial source 
of N, but late yield wat, greater in the treatment in which all N was supplied 
by inorganic fertilizer. 

The 1979 experiment was t-riwinated October 10, after six harvests, due to 
late blight. As a result, fruiting did not continue into the cool season. 
Paralleling the early harvests of 1978 summer planting, yields were higher on 
high beds, but overall yield levels were poor. Similar but nonsignificant 
effects were obtainod with organic matter. 

In 1978, mulch had significant (P<0. 05) positive effect on early yield and 
highly significant (P<n.01 ) positive effects on late yields. Early yield
differences between mulch rates were nonsignificant, but thicker mulch tended 
to increase late yield more than thin mulch. Mulch also increased yields in 
1979.
 

Contrary to hypothesis, there were no significant differences hetween high
at.d low beds in 1979 in the effects on yield of o-ganic matter versus inorganic 
fertilizer use or of mulching. Absence of bed-mulch interaction may -ave been 
due to the sprawling, not fully determinate growth habit of the AVRDC line 
used. Observation of plant growth on high beds in 1978 and 1979 suggestea 
that considerable fruit were lost from the high beds because vines tended to 
grow down from the mulched surface of high beds along the unmulched sides 
and into the furrows, exposing fruit ,o bare soil. Although comparison of rice 
straw mulching with several staking and trellising systems resulted in compara­
ble yields in four out of five experiments at AVRDC in 1976 (6), these observa­
tions suggest that trellising may have greater benefits in conjunction with high, 
wide beds. 
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The overall low yields in both years reflected inadequate heat tolerance ofthe line used. The same line planted at the end of the 1978 rainy season inthe same field, on low beds, with inorganic fertilization only, and having thesame management practices as in the rainy season planting, yielded 77 t/ha over 
seven weekly harvests. 

Munobean Results 

Results of the field experiments suggested that adequate rainy seasonyields can be obtained with AVRDC line 31176'.'V With a less severe rainyseason in 1978, tl-ere were no significant differences between high and lowbeds, among mulching treatments, or due to bed--mulch interaction. Overallyields were approximately 1.2 t/ha. In 1979, wind damage occurred at sixweeks 3fter planting, when plants were approximately 70 cm in height. Winddamage was more severe on high than on low beds. As a result, low bedshelled yield (0.8 t/ha) was higher kP<0.10) than high bed shelled yields (0.4t/ha) and mulch had a greater effect (P<0.10) on low bed yield (0.17 t/hadifference) than on high bed yield (0.06 t/ha) difference.
Observations in 1979 of an experiment at IRRI using high beds and ashorter cultivar (60 cm at maturity, in contrast to nearly 100 cm for AVRDCline 'V 3476') suggested that the tall AVRDC line was more susceptible tolodging whe.i planted on 2.0 m-wide high beds in which rows were divided intotwo groups of four rows each. This row arrangment resulted in larger spacesbetween groups than the spaces between the four groups of two rows each on1.0 m-wide low beds. The tall plants appeared to be better able to support oneanother without lodging in the low bed arrangement (Figure 6). 

MUNGBE4N PLANT GEOMETRY ON HIGHAND LOW BEDS 

L_/ ch4 20;_I_ 
...... 20O ..cc 

Mungbean plant geometry on
 

high and low beds.
 

/ 20cm14 x2~l4 

2Omc 
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Sweet Potato Results 

In 1978, high bed yield (11.5 t/ha) was highly significantly (P<0.01} 
greater than low bed yield (5.0 t/hal for sweet potato (AVRDC line '35-2', 
orange flesh). Approximately tha;f of the roots classified as nonmarkctable by 
Taiwan market criteria were of ess L.- orm shape or overly large. Such roots 
would have otherwise been acceptable for home consumption, sale in 
less-,elective markets such as in the Philippines, or use as animal feed. 

Due to difficulties in obtaining planting materials of the same AVRDC line, 
it was no possi11e tb coefirf!i the above resilts under 1979 Philippine 
conditions. 

PART I1: ASSESSING COMPATABILITY WITH THE EXISTING FARMING SYSTEM 

Development Pric rities for the Alternat;ve Crops 

Integration of the survey and field experiment data on tomato, common 
cabbage, mungbean, and sweet potto usirig theldevelopment priority grid of 
Calkins (23) indicated different c'.irrent potentials and future research priorities 
for rainy season production of each of the fouIr crops (FigUre 7). 

Demand for rainy season tomato was high (2n), bUt p'-aLuction capability 
was por doe to indeqoite heat tolerance. Th conClusionl was that priority in 
future rainy s.:ason tomito resetarch should be placed on breeding, with the 
goal of incorpora intq i h degree of heat tolerance and raising overall yieldIihe-

Grid[I Concentrate on marketing Grid I.Marketing 4 yield adquate 

Cabbage 

Sweet potato 
0
 
0 I
 

:i:::i: M ungbean .::::::-o:.::! ::":-::..

0 C: 

Current Demand (X 

Fig. 7. Development priority grid or rnny season tomato, 

common cibhage, iniohbean, and sweet potato production 
in llIoc s Norte, Philippines. 
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levels in the rainy season. At higher overall yield levels, it wr'ald then .epossible to deternine if the trends observed in the early harvests with higher
beds and organic ratter might result in meaningful benefits for rainy seasonproduction. Since this study was done, AVRDC tomato research has moved in 
these directions. 

In contrast, rnungbean rainy season production capability appeared to beadequate relative to current demand (20) . Additionzrl research or, rainy season 
mungbean production thus would he givui lesser priority relative to other
vegetables. Primary reser rch needs were for ir-,vetiigtiot of potential effects 
of the introduction of other crop production choices in the 1nainghean
subsistence production-consumption cycle, the net economic benefit of low beds 
versus the farmer practice of no-til! broadcastir p, and economically--optimurm
pest control under rainy season conditi ns. In correspondence with
observations in other parts of the Philippines by Lilsinger et al. ( 17) , the
farmers surveyed in this study also identified large, conspicuous insect pests
as their major rnungbean pest problems but were unaware of beanflies as a pest
of mungbean (20). 

Sweet potato production capability apreared to )e promising, but demandfor sweet potato roots in the rainy season was low. However, in addition to 
use of sweet potato roots as a family snock food (20), sweet potato roots and 
vines were ;jlso widely used as swine feed. Data from the sub-sample farmers 
studied in the ftoran operations survey indicatet that the Majority of both largetenant farmers and owner-tillers (88';j%)and small tenant farmers (73%) raised
hogs for sale (2.3 heads per large tenant farmer and owner-tiller household,
and 1 . I heads per small tenant farmer household). Each hog resulted in
US$68.93 (US $1.00 -- P7. 50) (smatll tenant farmers) to US $85.53 (large tenant
farmers and owner-tillers) cast revenue to the farm household after 8-15 
months of raising the hog.

These findings suggested thiat future rainy season sweet potato research 
should focus on ways of creating greater demand for sweet potato roots. Oneapproach would be to deve lop cilturatly--acceptal)le ways for families to Utilize 
more orange fleshed sweet potato roots. Another approach would he to deveto p
alternative uses for sweet potato. One way might be to link sweet potato
production on mrginal sloping land to swine productioa in a system utilizing
sweet potato tips and roots as food for human cMinstMptiOal, vine minaterialprotein supplement to swine feed, swiire excreta as a

in biogas generation, and 
hiogas digester residue as an organic fertilizer. The hiogas would serve to

reduce dependence 00 firewood and petroleum 
 products for cooking. Its sale to
non-fcrm households throug1h a village distribution system cotild also generate
income for farm households,. The digester residue could be characterized for
nutriert content anld ulsed an production of other vegetables. 1iogas digestion

might 
 also serve to increase the uraforfmiIy of organic matter nutrient 
composition. lais Could aid in s taidarrdizing recommendations for using organic
ma'ter as a partial soarce of crop nutrients. Subsequent AVRDC research and
related studies have invesigoted some of these ideas for alternative sweet
 
potato production systems (26.


Of the four crops ir Veostic ed in the experiments, rainy season comaron
cabbage production capability was haghaest (Figure 8). Additiona! analysis was,
therefore, clone to estimate the p tential aiet economic benefit and investment 
cost of rainy season cabbage production , assess the depth of the market,
examine examples of high iaput vegetable product ion in farmer cropping
patterns, and assess labor av ilahility arid use patterns. 

Common Cabbacje Market Potential: Revenue, Net Economic Benefit, Investment 
Cost, and Mark Dfept 

Revenue from the wholesaling by one farmer in the Dingros inland market
of 0.02 ha of cabbage grown on semi-high mulched beds at the time of the 1979
experiment would have been US $316.t0 (US $1.00 = P7.50). This is based on
prices that range from US $0.410 to $0.80/kg over the peak four weeks of 

1l 

http:US$68.93


',,'7 
,AY, 

Fig. 8. 	September harvest of cabbage planted on semi-high,
 

wide beds in early July 1979.
 

harvest. This would be more than double the revenue of US $147.73 which 

would have been obtained in the same market from 0.02 ha of cabbage grown on 

low beds. The additional expense required in order, to build the wider and 

higher raised beds, place mulch, and thereby obtain higher yield and revenue 

would have been only US $2.27 for 0.02 ha. Thus, a net benefit (defined as 

the difference between the increase in revenue from an alternative set of 

production practices and the increase in variable costs associated with the 

alternative set of production practices) of over US $160 would have resulted if 

only one farmer planted 0.02 ha. 
Similar revenue, and consequently similar net benefit, would have resulted 

from who.lesaling 0.02 ha of cabbage grown on semi-high mulched beds in the 

Laoag urban market in 1979. Moreover, revenue from production beginning one 

or two weeks earlier or one week later than that of the experiment (and 

assuming for purpose of discussion that the same yields would be obtained) 

would have varied considerably less in the urban than in the inland market. In 

the inland market, revenue from the latest four-week production period would 

have been less than half the revenue from production in the earliest period and 

only two thirds of the revenue in the period of actual experimental production. 

On the other hand, in the urban market with more stable prices, revenue would 

have been essentially constant regardless of whether planting and production 

had been two weeks earlier or one week later (Table 6). In addition, 
examination of price changes over a five-year period confirmed that the absence 

,of sharp dror)- ir price in the urban market was a regular characteristic 
(Figure 9). 

In the context of rural income levels ii Ilocos Norte, a net benefit of US 

$160 would be a very suLsLantial addition tc income. Rural income levels in the 

Laoag A recommendation ,lomain consisting of coastal, more diversified villages 

which had greater experience with cabbage production can be estimated at US 

$4-104/month, based on monthly family expenses (including the inputed value 

Table 6. 	 Cahbhvge revernie over a fo'ir-week period in an 

inland and a coasital market. 

Revenue (Js $/'f. h)0I ;; 
Market 2 weeks I week Actual I wee k 

earl ier earlier la tLr 

403.87 204,.27
 

Coastal 337.73 336.00 325.07 311.07
 
Inland 427.73 	 316.40 


Z US $1.00- P7.50 
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US$/kg 1975-1979 LAOAG CABBAGE WHOLESALES PRICES(US$/kro---o)COMPARED WITH RAINFALL(am 
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figures translate into mean yearly incomes ran-ling from 


of rice produced oil farmer-;' i(s a l used for family conSutmption) . These 
US f,66to $279 per


capita, dependin( I family ,ize.
 
Two factors, lowever, would 
 limit the real potential contribtion of rainy


season cabhacje prodlut ti<(1toIciusiderably less tlall the figures siggested by

the above cal(:ulations of revern.Je and [lo benefit. First, 
 sticcessful rainy
 
season cabbage proluciorn requIires 
 a- Ihilgh level of pur oa.,ed inIputS.
Production of 0.02 haii of (:al)l)agte tolow iog t he l)crcedures Itse(l in the
experiment wuhld require an investni(rit of tiS $11 .87 for seed, fertilizer, and
pesticides, and UIS $5.00 for lbior fr- .ed pre;:r-at.on fertilizer alpplication,
planting, and mulchinq. If a compio-Iso) WilS madle Of s.emi-hiJI) , mulched beds 
not against low beds otterwise under inltens ive managelentl , bti against farni-r
practice of f!iat cult.,o '.';,i roSos, of this $17.7 would 
represent increased varialh :os t s. ()f course, yields , reventie, ajnd net
economic benefit would also chinge in i comparison with farmer practice). Such 
an investmenjt of US ,.17.117 woI(I not )e prohibitive, coisi(erirg that a

representative 
 lajrge ter ,t farmer il i coastal, more diversified village miy
spend LIS $37.33 for labor al rice ptarntig time. It would, however, represent
risking a consider-ahle porti n of monthly family iucorne on a new venture. 

Second, -itthe hgi- price levels used in deriving the above estimates of 
revenue and net benefit, the size of the potential market is limited. A highly
significarnt (P<0 .01 , r - -0.911) regression of percentage of farm households 
consuming cabbage on 1979 Laoag wholesale prices in the different months of
the year indicated that 30, of farm households would frecluently consume 
cabbage at a price cf US $0.531kg, the peak Laoag price in 1979 (Figure 10). 
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Fig. 10. Percentage of farm huuseholds consuming cabbage at
 
different price levels. 

This is within the range used in the earlier calculation of net economic benefit. 
Applying this estimated percentage to the total population of approximately 
12,000 households in Laoag, and using an estimate that each household would 
consume two heads of 0.5-1.0 kg weight each over a four-week period, then 
total Laoag demand at US $0.53/kg would be 3.6-7.2 t. Each farm family which 
produced 0.02 ha of cabbage using semi-high mulched beds could supply 0.6 t 
over the four-week period. Thus, only 6-12 farm families would saturate the 
market at the peak price. 

At US $0.27/kg, 59%, of farm households would frequently consume 
cabbage. Assuming that each household consumed one head/week, or four 
heads over the same four-week period, then applying these estimates to the 
population would indicate a demand of 13.9-27.7 t. Even with the greater 
demand at this lower price, only 23-146 farm families producing 0.02 ha would 
satisfy the market. Of course, revenue and net economic benefit would be 
correspondingly less for the greater number of farm families. 

Finally, at a price of zero, an estimated 87% of farm households would 
consume cabbage. Survey responses indicated 2.9 heads to be the mean 
maximum n ,mber o' heads that a farm household would consume in one week. 
Applying these estimates to the population indicates :1 maximum demand of 
60-120 t. Only 100-200 farm families planting 0.02 ha of cabbage on semi-high 
mulched beds in early July would thus completely saturate the Laoag market 
from mid-September to mid-October. In other words, the bottom would drop 
out of the market, families would lose their investment, arid the following year 
would see very few if any families tryinq, rainy season cabbage production 
again. Thc above analysis thus suggested that the introduction of rainy season 
common cabbage production should be carefully targeted so as to avoid inducing 
oversLIpply. 

Potential for Integration of Rainy Season Common Cabbage Production into the 
-ti nir--gysten: Cropping Patterns andLabor Use 

The results of the information access and attitudinal surveys indicated that 
owner-tillers and large tenant farm families (>1.0 ha mean farm area) in the 
coastal, more diversified villages (Laoag A) could be expected to have the 
greatest potential receptivity towards increased vegetable production (20). The 
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Laoag A villages could be thus considered as a potential recommendation domain 
for the introduction of rainy seasun cabbage production. Examination of 
changes in cropping patterns during the four-year period, 1976-80, and family
labor use for all farming systems activities in 1979 on [ aoag A sub-sample farms 
suggested routes by which rainy season common cabbage production might be 
integrated into the existing farmig system. This discussion of sample farms 
can also be compared with a similhr- study of sub-sample farms drawn frorn a 
larger sample in Taiwan (11).

Farmer Eusebio Lorenzo* is one of tie four sub-sample large tenant 
farmers in the Laoag A villages. The Lorenzo family farms 1.90 ha of land, 
none of which it ownsl. This land consists of nine non-contiguous parcels,
ranging in size from 0.05 ha up to 0.40 ha, wiih median as well as modal parcel 
area equal to 0.20 ha. All nine parcul, ,iro within 10 minutes' walking distance 
from the Lorenzo family housc. 

Table 7 shows that this fragmentation of the Lorenzo farmland is typical of 
all the farmers in he si ib-sampie. F\cept for one atypical farm in Laoag B 
with three large parcels tMtalr cj 1.33 ha, the Iand of all other large tenant
farmers is fragrented ifito at least eight small paircels. Moreover, in the most 
extreme case, one lirge tiant farrier in [)ingra. farms 1.73 ha of land that 
consists of o total of 4'2separate p-ircels, the largest of which is only 0.23 ha 
in size. 0i addition, ever, the aIwd of -rrall ternant farmers is similarly
fragmented into snaIll parcels, fry,e in riumher arid also generally smaller in 
size than those of the large teninjit firisers. All sniall terant farmers farm at 
least two parcels, and two small teri~inl f.-r-ners farm lanid ")roksr into as many 
as 13 individual parcels, Likewise the lard of hIoth small and large
owner-tillers also exhibits similar lragrrieritaliion. Although one of the three 
small owner-tillers farirrs only one Pircel, it tihe opposite ext't i'ranother small 
owner-tiller far-Is lanid Irokeii into 16 small pIrce; . The two large
owner-tillers, L, no irtidcoirisriwrig of 11 and 12 jp),rceh each. Figure 11 shows 
an exarrIple of ort, of these small parcels. 

Farm ty , .i l,,, IA - Ar , a i/ Ivti Il 'i I irt; . )

all'! location f f IHm, , ,n,, i -lan All Al
Ilit A-I iIt-,,ted iwi d Iiar d tti4iieil 

SntlI1 teILnint 
DlI gra!; 6, 4i 1 0,. ID 0. 1 0. M! 1, 0? .46CJ.4 

iLnonrgA 11 7 1 ti ().08 0 .O0 O1.08 0.51) V .02 C. I 
[athg t 5 h 1 8 0. 01 11.O01 0. 0',1 0.40 0.0 l 0.41 
All 15 6 1 7 1.07 0.03 0.07 0.47 1 0.02 0,18 

Large t erialt-; 
Din, ran 6t 1 4 22 0. I0 ii.05 0.09 1..82 0.23 2.05 
L.aoagA 4 I0 2 12 0.21 
 1.I1 0.19 2.08 1.25 2.32 
lnoag B 2 9 0 9 0.?28 0.000 0.218 2.52 0.00 2.52
All 12 14 3 17 0.15 11.07 0.1 1 2.02 0.20 2.22 

Small o.ner- 3 1 6 7 0.01 0.C5 0. (M 0.08 0..32 0.39
7
 

tillers (all)
 

Large owner- 2 I I 12 0.20 0.20 .20 0. WO 2.18 2.28 
tillers (all) 

W,,il ' h th. latter owtii wi 
and had tenant right; on the reeialri p in--thlri. In r-put ln thew ari-;ts/p;arve|l o tiena;nietl iii 

of Iaer I i'rlivpit i;ig tiii 

Heart num er of otrted parcfy.]; Irlrluide,; I It!iwilt rii-dthlnrd; th pirrel 

owned land, owlild aid tellattled pir tf ion a i t l we t. iutr d si.liarately. 
area/parcel of oil parcels, liiwevr, lo-lic i -iwri.i, art-rtVu , -,I , . e-, eilitti -nli tii 

The Lorenzo farm follows two basic cropping patterns: the double cropping
of rice, an( rice followed by other crops. Every year at the start of the rainy 
season, all or nearly all of the land is planted in rice, usually in June or July
but occasionally as late as August. Following harvest of the first rice, USUaliy 

* Fictitious names have been given to the individual farmers whose farms are 
described in this report. 
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'Fig. 11. 	 Fxample of parcel fragmentation: even small parcels such as 
this one along tile river banlk arc planted by farm households. 

in October', a second crop of rice is then planted on approximately half of tihe 
land and other crops planted on the remaining half. ,Table 8 shows the kinds 
and acreages of crops planted on the Lorenzo farm dtjr;.,L'igtefu
 

t he ourcropping 
years from 1976-77 through 1979-80. 

Examination of the Lorenzo farm's-cropping pattern during the four--year 
period in question provides concrete examp'es of the trends towards greater 
experimentation with planting dates and crops and greater economic orientation 
observed in the attitudinal responses of large tenant farmers and owner-tillers, 
as described in the previous bulletin (26). In 1976 and 1977, farmer Lorenzo 
experimented with cabbage for two years. Especially significant is the fact that 
in the second year fie did riot plant rice on one parcel of 0.02 ha, in order to 
plant tile cabbage at an earlier date, in;September, because of high~er prices. 
Figure 12 shows another similar small parcel of cabbage in the Laoag A 
recommendcation domfain. In 1979, however, lie planted watermelon instead' of 
cabbage, and took 0,05 ha out of rice production in order to plant part of tile 
watermelon early, because lie believed that it could be more easily marketed 
than cabbage. 

Increasing interest in watermelon production is also apparent in the case of 
Basilio Mercado, another large tenant farmer whu( is from th~e other Laoag A 
sample village. The Mercado family farms 1.52 ha of laind consisting of 12 
non-contiguous parcels. The family owns 0.58 ha of tile land which it farms 
and is a tenant on tile remaining 0.94 ha. The farm's parcel s range from 0.04 
ha to 0. 150 ha. Like tile Lorenzo farm, all 12 of the Mercado farm's parcels are 
also wit!in 10 minutes walking distance of the house. 

The Mercado farm follows th~e same basic cropping patterns as the Lorenzo 
fari. Every year in June all of the land is planted in rice. Then, following 
harvest of the maii, rice crop in October, a second rice crop is planted on par t 
of the land and most of.',the remainder is devoted to a host of other crops. 
During a four year period, the Mercado farm h~as steadily increased tile area of 
lanld and number of parcels planter] in watermelon, because it "produces more 
money.," At the same time, tile farm has gradually decreased riot only the area 
devo)ted to other crops, bit more significantly, in the last two years also tile 
area planted to second rice. In fact, in tile 1979-80 cropping year, for tile 
first time farmer Ilercado split the large 0.50 ha owned parcel. In the previous 
three years, that parcel had been planted entirely in second rice, but in 1979 
rice was planted on only one-half of the parcel, and the other half was used 
for waternmelon. Table 9 shows the above changes In the Mercado farm's 
cropping pa*,tern. 
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Table 8. 	1976-80 land use and cropping pattern on the farm ot Eusabio Lorenzo, a 
large tenant farmer in Laoag A. 

First planting 
 Second and Third plantings

Year Crop Time Area (ha) Crop Time Area (ha) 

1976-77 	 Rice (C4) Early June 0. 20 Cabbage Early Oct. 0.20 
Mid Jne 0.35 Garlic Mid Nov. 0.34 
late June 1.35 Rice (C4) Mid Nov. 1.14 

Mungbean 	 Early Feb. 0.30 
zLate Feb. 0.20 

Corn Early Feb. 0.10 

1977-78 	 Rice (C4) Early June 
 0.18 	 Cabbage Early Sept. 0.02
 
Late June 1.70 	 Garlic Mid Nov. 0.34 

Rice (IR1561) Mid Nov. 1.14 
Mungbean EalIy Feb. 0.30 

Late Feb.Z 0.20 
Corn Early Feb. 0.10 

1978-79 	 Rice (IR1561) Early June 1.10 Rell pepper Karly Oct. 0.20
 
Late June 0.80 	 Early Dec. 0.10 

Garlic Mil Nov, 0.23 
Rice (IRIV(,i) Hid Nov. 1.14 
Corn Early Dec. 0.10 
Tomato Early lan. 0.13 

1979-80 Rice (IR1561) 	Early June 0.90 Waternelon Mid Oct. 0.05
 
Early August 0.95 Feb. y


Mid 0.03 
Rice (1Rl1Th) Mid Nov. 0.52 

(1E3O) Mid Dec. 	 J.67 
Garlic Mid Nov. 0. 11 
Bell pe,)per M.id Dec. 0. IM 
Cotton hitd Dec. 0. 10 
Corn Mid Jan. 0.20 
Peanutx Early Feb. 0.05 
Mungbean Early Feb. 0. 15 

z Third planting following garlic. 

Y Jntercropped with garlic for first month.
 
x Third planting follown? watermelon.
 

", / ,' . " . : - .	 ." ; . ., - . .. . 

tli 

, .. . . .. . , : . - ,. , , - : ' - . 

Fig 12. Farmer planting of cabbage in September 1979 
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Table 9. 	 Changes in 1976-80 land use on the farm of Basilio Mercado, a large tenant
 

farmer in Laoag A.
 

Area (ha)	 -80 
Crop 	 197-77 1977-78 1978-79 1971 

0.. 0. 17 0.37 0.65Watermelon 

(1 parcel) (i'dparcels) (4!z parcels) (7- parcels) 

Eggplant 	 G.2 0.02 0.02 --

Beul pepper -- 0.04 .... 

Edible jute (siluvot) 0. 02 0.02 0.02 

Garlic 	 0.29 0.42 0.33 0.42
 

Yim bean (singkamas) 0.25 .....
 

Cowpea 0. 10 0.016 -- 0.04'
y
 

x
 
-- 0.04" 0.041 0.25Mungbean 

0. 13Peanut .... 0.13 


Sec nd ric, 0. 72 0.58 0.33
 

(4 parcels) ( I car-els) (2 parcels) (1' parcels)
 

allow 	 0.08 0.08 0.08 


Third planting in February folowing garl ic.
 

Y Third planting 'n !",bruarv fol lowing watrmeton.
 
X Third ,iiti -u l I owing w;itermnelon, patIIut, andi garlic.ii I !-,,r 

T he Mercado farm's shift to watermelon production because of its 

income--pre" cing potential takes on more significance in light of the high level 

of purchased iItpltS which firmer Mercadn uses in its production . Farmer 

Mercado sidedresses the watermelon with 16-20--U and urea at one month and 

applies not only insecticide (Thiodan or Sevin) but also fungicide (Manzate) 
three times in the field. Both of the ollier two Laoag A lirge tenant farmers 

who planted watermelon also s idedre ec, an0( app!ied insecticide, although 

neither applied fungicide. 
The above data provide an indication of how farms in more receptive strata 

might gradtially integrate new, high ;nput ,,egetiable production into their 

existing cropping pattern. Although not all Laoag A sub-semple farms in the 

large tenant farmer -ind owner-tiller strata exhibited as much variation in time 

or variety of croips as did the two farms whose cropping patterns were 

tenant farmers also showed more 

variation than did any of the sub--samp!e small tenant farmers. One of those 

latter two large tenant farmers also p;rioted watermelon, and the other tried 
the orte sub-sample small owner-tiller had not 

examined in detail here, the other two Irge 

cotton for the first time. Only 
varied cropping patterns during tihe four-year period in question. 

In contrast to the sob-sample large tenant farms, none of the four 

sub-sample small tenant farmers in Laoag A showed any significant variation in 

cropping patterns over ti;- four-year period in question. Moreover, none had 

planted one of the high cash value hut -lso high input vegetable crops of 

cabbage, bell pepper, or watermelon. All four followed the basic pattern of 

rice planted in June or July and harvested in October, followed by a second 

crop of rice planted on a portion ')f their land and other crops, including 

eggplant, tomato, pumpkin, garlic, peanut , murighean , yam bean , corn, 

cassava, sugarcane arid bi!alage 9 (a sweet potato relative, lpornoea reptans, 

grown for tips only) , planted oi the rernaiider of their land. 

The above examples show that large tenant farmers may reduce considera­

bly the area planted in second rice and may even take a small amount of land 

out of main rice crop production, in order to plant a high cash value vegetable 

crop. Nevertheless, because of the importance of rice as the "staff of life" in 

the diet, it is more realistic to consider the present rainy season cropping 

pattern as being essentially fixed. Using the example of the Lorenzo farm, it 
would be willing initiallywould be reasonable to assume that a f:,rm household 

to take only 0.02 ha of land out of main rice crop production in order to plant 

a vegetable crop in the rainy season (as the Lorenzo farm has done once before 
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for cabbage). The question which then arises is, when is there sufficient laboravailable for planting and harvesting a rainy season vegetable crop?
Figure 13 shows that in 1979 
 the working members of farmer Lorenzo'sfamily (two males and two fem;les) were willing to work approximately the samenumber of hours per half-month segment throughout the year except in twoperiods: April and early May (the hottest, driest time of the year), and lateAugust and September (after all planting of the main rice crop is completed).In addition to family labor for farm 	 crop work, farmer Lorenzo also used aportion of his familv workling time to care for animals (2 draft buffalo, 4 pigsraised for sale, and 1(0chickens), haul rice (usually twice 	 a month), and cutwood 	 (in September). Farmer Lorenzo further supplenented family labor withhired labor for rice planting and harvesting. As a result, the Lorenzo farmlabor budget shows considerably reduced or negative surplus labor (thedifference between available Il)or and labor 	 use) in early June, early August,and the period from late October through November (note, however, that far-merLorenzo's responses in Table 8 indicate that in the three years prior to 1979,the early Ar gust reduction in surplus labor would have come in late June).Labor hudgets were al;o const ructed for throe of 1he four 	 smoaIll tenantfarne'-s in Laoar A (it was not possible to obtain complete labor use data fromthe fourlh farmer). Five males cood 	 four females constituted the workingmembers o; thu three families. In addition to using labor for farm crop workon their tol i of 1.81 hr of land, those three families used a portion of theirlabor to nanage their animals ('a(h owned orre draft animal and a pig beingraised f(rt ,ale; two owned a horse: and one had two goats). All three farmsalso cut tleir own wood; to irr( themselves out to harvest rice; and oneoperaterd a lh)rsedrawmn carriane tax (katesa). One farimior further supplemientedfamily labhor with hired labor for the planting, weeding, and hrarvesting of rice
and for the harvesting of Ieantlts. 

800
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-o-o- Family labor use
 HI I I 
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Figure 13 shows that in the aggregate, the wurking members ot these 
farmers' families were most willing to work during the months of June, July, 
and October. Figure 13 also shows that the months in which their farm and 
non--farin activities required the most labor were March, April, June, October, 
and November. As a result, their aggregate labor budget shows considerable 
reduced surplhs lat .cr (the difference between the upper arid lower lines) in 
those months, and especially in June and October. 

It is apparent from a comparison of fle upper and lower portions of Figure 
13 that times of peak labor use generally coincide for both farmer Lorenzo and 
the three small terant farmers. On the other hand, the months of May and 
July are times of reduced labor tose for all or these firm households. Analysis 
of weather data (20) also shwegcd that thmse are times when land preparation 
and planting would be feasible. Thus, - antting eith er in early to mid May 
before t' e on set of the heavy rdins or int a dry period in early July (as in the 
1979 e),')rinent) Would not c0r flict with Libor requirements for main rice crop 
production. Plating at either aIte woUld result in harvest of all or much of 
the crop in September prior to rice harvest in October antI November, 

Design of a Pilot Pr)(iran to Increase Acceptability of Rainy Season Common 
Ca(rodubag c on ton of F, ItP a r nF-arml Tr I FFSi~onrdIi ma 1 

In ligllt of the resHts of tIV' Mn lysis of market potential, a pilot program 
to test rainy season corOmmmon Cidl[ige lrotriction in the Laoag A recommendation 
domain would ;iced a strong FSIP Crpmponenl. It would heed first to determine 
if rainy season cdll,it;e prrldmction in the targel area (,, ld be profitably linked 
to other markets. This would provide a hakc--up market outlet, and increase 
market depth. This would !meanH cord1 tlinationl with natioril nirket (leveloprnent 
planrling. The pilot tiwo r-lii wouild also need to be dorie in the context of a 
provincia! dcveloereri dair %,hichencomiraged different Spet cializations among 
villiges. Otherwise, targeti g a few vi lages in the L~anaicI A domairn for 
cabbage "OH ld ilk odce: innlUualitie, ill the imrovince. It mijht also be 
self-defeatin g If .abbtie productiol ,, , (:I :, in the first year in the 
targeted vin;o(aje , oth,'r village: nletild oriler ind rOveiuUlp)ly result In the 
fol lowing year. 

Su l))lViilg (: ilrrent >eason d in the provi ce thro'ulgh localraiiy lcrtarmlfh 
production would -Is1 )W in accordaince with n tionitl oljectives if deceitralizing 
vegetable prdtclin ro id freeing tighland area; which ctrrurtlly supply 
off--season resegt Irks for lowlald areas to croncentrtite oil high quality vegetable 
production for thi ritroliolitari Manila and Singapiore export marlkets (Ipersonal 
commtnication , if PlaIt IIncdustr ,,' BaguiLi Stz:ion andO3fr Experirent 
Philippine C C ft ,']ricLil tmr e aid Resources Research, 19791).oiC i I 

II the target village;, farms would be selected for on-farm trials of the 
itipstream" semi--high, rulcled bed production technology, to determine what 
mortifications would he needed to iicreasu ucceptablility oif the technology. This 
woUld also priroiote clIoe technician-- fanrer iteract ion . The extension 
technicians were Identified as tire major source of i w information on vegetable 
production by farmers, and several farmers who were more ixpressive iri their 
responses added thitn teclriciane shoul! live im the village (ralther than 
comomiing from town) a!id teach them by participa irim in farm work onl frrrers' 
fields (18) . In essence, these farriers were asking for coohie-tiori through 
on-farm trials. In conjunction with mor active farmer-lechnician iriterclionr, 
the prog raIn could lsO irclude support for pesticide and fertilizer pircha se in 
the initial years, iii order to reduce high input costs and enalle farm farmilies 
to gain confidence in intensive cabbage proihlction )efo re tIey assume all 
production risks. Hil I I)por'tMigirt be given for the first 1-2 years of 
researcher--managed triilI,, and larni households allowed to decide themselves 
how rapidly to reduce support over the following 2-l years of farrner-ranaged 
trials and a pilot production program. 

The importance of active technician participation rr)d initial input support 
is highlighted by the respons es of several farmers -elating to the difficulty of 
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work and availability of resources for common cabbage production. The reason
given by farmer Mariano de la Rosa for not having planted cabbage in May
exemplified in particularly expressive form the responses of a number of
farmers in this category: "It (cabbage) is hard to tah,.e care of because you
have to go to the field every day." 

!n one of the conversations 'ith farmers during the census, one farmer
explaineo the advantage of growing mungbean us:ing traditional rcethods ill terms
which express essentially the invers2 side of this reluctance to er gage in the
intensive type of management which cabbage production requires,. lhis farmer
said that mungbean was a good crop to grow because, "All you have to do is
throw out [broadcast] the seed, arid you're finished with it." 

The traditional planting sequenLce and production method for mu1ngbean
enables farm farnilies to maintain a stock o.' an important supplementary food or 
s ida. mungbean , over much of the year without conflictigICI with production
the staple crop, rice (20). Traditional methods, in other werds, have 

of 
enabled

f;.rm Tamilies us~ng a minirriurn input of h'th labor and .irchased inputs to meet
subsistence needs more or less adegZrra tely as thY have been cull r'ally defined. 

The key elerntit here is not that cahbarc, production reqtuires intensive
labor. Farm family members work extremely intensely to prepare and transpliint
rice every year ill June arid July (for tile main rice crop) ir October and
November (for the second rice crop). At those tirnws, farmers may even rise
with the moon at two in the morniing every dlay for a week if) order to plow the 
field before the heat of tie day.

What disting(uishes- the type of illtensive mflnaligenrient -egired for both
vegetable IroductiOll aS well d,. l)(eil-ri rice lrodoction from the occsional 
itensity of work in traditioilal rice prIrdtcctiorc is instead that it is a sustained
intensity )f cisr ious, precie attention to the crop. Goodel I, working in
Central LczoI , has doctUreNr ed how this type of sLV tained intelsity was
baffling to many of the fdlrrr, r's she obs;e.-ved. Particularly relevant is her
observation that even for rice production, visiting the field each week after

transplanting 
 was; a radical departare from the farmers' experience. Likewise
also significant is her :bservation that farmers have traditionally enjoyed a23-week leeway during which they could choose when to puLit Oit tile intensive 
burst of effort of rice planting, wherea s the new rice production technology
requires monthly, aid even weekly, scheduling of transplan ing, fertilizer 
application, and irrigation (31). 

When technology adoption involves only tihe dissemcination of new seed, the 
new technology is already largely "packaged" in the seed through breeding.
The farm family need only plant the new see(;, and even without changing their 
production practices, they can often still obtai, an improvement in yield (forexample, due to increased disease resistance) . I: contrast, changes in

production, 
 especially important for vegetables, require a more all-embracing,
consciously-calcL.lated departure from previous experience. On-farm trials 
represent a way to introduce those changes incrementally, and work together
with farm family members to chorose, adapt, and learn more intensive techniques
(38). 

In addition, changes in production practices often require more inputs
from outside the traditional farming system. As Farmer lloriorio Garcia pointed
out in his reason for riot planting cabbage, "We don't have [a] coraplete [range
ofi pesticides like the government." It is precisely the high cost of thoseinputs that farmers cannot obtain within their traditional system, particularly
pesticides, which farmers identify as their greatest common cabbage production
problems. A program of testing would need to recognize these concerns. A
first step, for example, might be on-farm trials with reduced levels of pesticide
input. At the same time, policy and infrastructure support would be needed to 
insure availability of necessary chemicals. 

Finally, focusing initial efforts on large tenant farmers would contribute to 
the overall objective of the betterment of the well-being of rural people in thetarget region for several reasons. First, large tenant farmers made up a
substantial fraction (38%) of the rural population in the Laoag A recommendation 
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domain (20). Second, integration of rainy season vegetable production by large 
tenant farmers into the existing cropping pattern could utilize labor of small 
tenant farmers (as weil as landless laborers who make up 6% of the households 
of the Laoag A villages) at a time when such labor is not fully utilized, thus 
providing an additional source of employment in tie community. 

In addition, although the introduction of local rainy season cabbage 
production would benefit only a small portion of the whole province's farm 
households and farr,: laborers through increased income in target villages, 
increased supply couid rysult in a cabbage price high enough to support 
production but lower than current rainy season prices. A decrease in rainy 
season cabbage prices would benefit both the estimated 30C who consume 
cabbage at current high prices in the rainy season, through an income effect, 
and an additional percentage of consumers wh, now do not consume cabbage 
during the rainy season but would in response to lower prices. 

PART IIl: IMPLICATIONS FOR FUTURE FSRaD WORK WiTH VEGETABLES 

Summary 

This case stuidy has illustrated a methodology to integrate survey and 
experimental results (Figure 1). The problem was limited availability of 
• agetables in the rainy season, in an area where vegetables are imortant in 
the diet. Survey data and observations were combined with rainfall pattern 
data and previous crop managmeloent research to select foIir crops for "upstream" 
production experimets. The four creps were (:nmmon cabbage, tomato, 
mungbean, and sweet potato. 

Yield resrlIts were evaluated first in terms of a comparison of production 
capability and demand. The comparison indicated where ft ure development 
priorities should be placed. For the crop with the best combination of 
production capability arid denand, cabbage, further analyses were done. First, 
survey data on product prices, labor costs, and inpu costs were combined with 
experimental yield, labor, and input use data to estimate net economic benefit 
from the mst promising treatment combinatiro, semi-high mulched beds. Next, 
survey data on overall cash esources were compared with experimental labor 
and iniput use data tW evaluato the risk associated with investmenrnt costs for 
semi-high miulched beds. Then, notsumption and product price survey data 
were used to assess market depth. Marlket depth was found to be timited, 
suggesting that carefu! targeting of a production area would be essential to 
avoid o'ersupply. 

Other survey data were used to select the potentially most receptive 
domair: owner-tillers and large tenat farmers in coastal, more diversified 
Laoag A villages. Examples of these farmers' integration of cabbage and 
watermelon into their cropping patterns over a four-year period suggested a 

tfeasible rou e for introduiction of rainy season cabbage production. Comparison 
of survey labor budget data with experimental data on labor use and 
environmental data on dry periods favorable for bed preparation suggested 
compatibility with existing farmiig system labor availability. 

The project concluded with recorirrmendations for a pilot program to test 
rainy season common cabbage prcluction in the Laoag A domaii. The 
suggested pilot program would coordinate FSIP and on-farm trial FSR/E. The 
FSIP component would involve linkage with national market development planning 
and a provincial village specialization plan, to increase market depth and avoid 
oversupply. The on-farm trial FSR/E component would both respond to farmer 
requests for increased interaction with extension technicians in their own fields, 
and provide a learning environment for incremental adaptation arid change in 
production practices. 

Lessons from the Case SLady 

This case study was done as a special project within the Bureau of Plant 
Industry. Today, the Philippines has integrated the previously separate 
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bureaus into Regional Integrated Agricultural Research Systems (RIARS) (61),
This reorganization can facilitate FSR&D. 

The research agenda in this case study started from a generalized
problem, low availability of vegetables in the rainy season. It sought toaddress this proolem in the context of the "farmer's system" (17). Tody,
FSR&D is more "downstream" in orientation. in a national program like RIARS,
each municipality can prioritize loal problems. Local problems amenable toadaptive research can set the toc , .-r h agenda. Those problems needing
"upstream" research tackstoppinrt car then be transmitted to a regional
research coordinating committee. Tne generalized problem of this case study is an example of the type of problem that might reach a regional research 
coordinating committee. 

The ,rvey techniquesosedt in this study had st rengths and weaknesses. 
Their strengtls were in the use of secondary dat-, ooth environmental and
market. Their weaknesses were over--re;iarice oii formal methods and iiadequate 
use of monre oper °ended qtiestiorilljt, Open-eoded qoectioning within aninterview guide format allws het Ier hnsiqht int, farm family ierber 
pcrceptio;;, wtile retkriing Lis'efill tetiee of slrtucture ,id compariial)ility (21,52). 

iInthis stuly, an inifoniniil ',Livoy lirek:.eefled 
 tl-e f;,ial survey, but the 
inforral survey was -isc-u primarily or ,h teri riiirjiii reciiiommen lition ttorriiins,
rather thai, for- iteigJni , ,iimpier forn;i verificatioi sur.vey. (onsiderahleinformai;l in~frm,-tiori t : , : d I,v, 'hit-_,; (hivili,(Hit formalid l w~s The informal 
iriformalin f)roviiliI (Il iitltive irsig(ht Into firn toiidy g iols nd constraint 3 , 
as in Ito riti'uil(h for riiri 'he,-n plairtiiii (Ilate icscrihted in the )r(evious
technical illi I , or, fan nor r 'p-.w a Of the diffiCUltie relaited to 
cabbage prodctiril isi in is reaori. SUrve'y wirk aory ire(lional
research i:iordirti linqog rnl Im-, oi I g()ei'Iili'Zed rrol (!ilwould w.' Ii ) iS e the
inforrmal r ttiliod , of F ' tI), t , It' ',oiiI,o or other types of riiluii rural 
appraisal, ,a;ind c i tir t iritlfily ing f. --,tirvey work haset oi the iniforlml 
surveys ( Int-mdlo d) . ,ritho Iciv r Ien hiowri to \ ied results that are a
good approxio 1tionof fhio. yiil.id hh form imethodl i, hut at rurdticed cost 
(29).
 

This Atlily loci-etd oii th,, ci fofr if( mr ii
;ir i r ( jaic hoiisethld. With the
exception of a fu'w teniile--teadii t'o)(euliha , this rio it iuily the male "farmer."
The term nsediA t lieu COi:l)tiOiI of lil, Atu.fy, 'fii nor', sys-tern," reflected 
that focus. The -iri(hlvelh 1 uuiwom ,,i w Itiroi-tu,, h'to .1wn that fociisinig only
on male "farmer,," often iiim)es biitti a to ,oi/ fouiily giilte a1ftectir ( l)-Oduction
choices, arid h ie irohicteio (10, 32, 56}. in il t informal and forrnalglarde. l 
survey work, whether at he local level or at the re(liuni l level, care should be
taken to ilnclu(le 1l fimily nueniher.', bi'th i1ialik aidh feiale , and hoth field and
garden production. 1-I is a iei jl):iI y irripoitarit for vegetable crops. Garden 
prodi ction of veIeta 1l1e- I y fein le family memers nay 1iake sigril-ificanit
contributions to mmily diet,- F(im -I( family rieiihers nay ialo lave developed
valuable iiitensive nrodir'ctior kills in hone garden productimu. These skills 
can be drawn upon I sinl i dt, intensive market iproduction a,,well, as in

the pilot progran stiggested Iiy 'lii S(uJdy.


The economic 
 an, lvais 01 thi Intudy i,, anIrc'.-':' of what is iiiiw called
''ex ante" nalysis in FRF, . Fiji i., the eco'omic analysis is do,)(. "ex alte"
(meaning "prior to") t ioI i.rf,nof ,mii-farui trials. "Ex ante" analysis is
valuable because it car, idernti, wi'-trariis, such as lmited market size in this
studv, prior to involving conperirint: far families in on-farm trials. The"extension" term nn Rsearch/Extension, or FSR/E, reflectsin FalrriP 'Slystows 
the fart that on- farm r a .. live an extension effect ai Wie same time as
they provide research eoIsull.That is, successful research treatnients can
have extension denionst ratior va; ie. The demons t rat ion effect car, becounter-productive, however, if too -any farm families hecome enthusiastic 
when the market is limited. 

To do good "ex ante" analysis requires realistic .data. In this case study,as suggested in the discussions on investment costs and pesticide use level, 
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some management practices were higher than farmers would likely have used. 
Non-treatment variables should be placed at the farmer level even in "upstream" 
research. Information from farmers can also be used to generate a more 
realistic "average farmer practice" treatment or treatment combination tn 
compare experimental treatments against (22). In this study, for example, flat 
bed culture might have been a better "average farmer practice" treatment. 

Several 	 on-farm sites should also be included even in "upstream" or 
exploratory research. These will provide mere realistic data on labor and input 
use in the treatments compared in "',x ante" economic analysis. With more 
realistic data and a better "average farmer practice" treatment, the economic 
analysis could be extended to include marginal returns to investment (net 
economic benefit divided by the increase in variable cost) in moving from
"average farmer practice" to treatments with higher undominated net benefit 
levels (53).

Plot design is also important in obtaining realistic labor and input data for 
"ex ante" analysis. In this study, the inclusion of subplot fertilization 
treatments increased the size of tlhe main plots, and sub-subplot mulch labor 
was meisured over main plots. One approach for a better design would have 
been to place the fertilization treatments on subplots equivalent to the 
sub-subpiots used for the mulch and combine factorial combinations of beds and 
mulch in larger main plots. 

Alternatively, mulched!, semi-high beds could be placed on a larger plot 
for labor measurements, and smaller plots used for the single factor mulched 
low beds and unmulched semi-high bed treatments, by modifying a design used 
in rice cropping pattern trials (33). Another large plot would be used for 
labor measurements of farmer practices. 

A third approach would be to use an incomplete block design with partial 
supplementation of key treatments (22, 35). This might also be combined with 
the above changes in plot arrangements. 

By u,;ing sc2veral on-farm rites together with an on-station site, 
replications per bite could be reduced to two or three, data pooled, and 
farm-by-treatment interactions also assessed. The on-station site wo. Id 
represent the researchers' "farm" (39). Figure 14 and Tables 10-11 show a 
possible design incorporating these ideas. 

5 4 	 5 3 

1 4 3 2 1 2 1 3 4 II. 

3 5 	 4 5 

5 4 4 5 

III. 2 3 5 3 4 1 2 IV. 

3 4
 

V. 1 5 2 3 1 2 VI. 

4
 

Fig. 14. 	Plot layout for an "upstr, am" trial with four on-farm sites
 
cnd an on-station site with two complete replications.
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Table 10. 	Treatment combinations for design combining on-farm
 
and on-station sites.
 

Treatment Treatment level
 
combination Beds Mulch Fertilizer Pesticide
 
No. Name rate frequency
 

1. 	 Farmer Low None Average Average
 
(flat) farmer farmer 

practice practice
 

2. Package Semi- Mulched Higher Higher 
high rate frequency
 

3. 	 Minus Semi- None Higher Higher 
mulch high rate frequency 

4. 	 Minus Semi- Mulched Average lgligher 
ferti lizer high farmer frequency 

5. 	 Minus Semi- Mul ched Higher Average 
pesticide high rate farmer 

practice
 

Table 	 11. Plot sizes :nd sources of yield and labor data for design combining on-farm and 
on-station sites.
 

A. Plot sizes
 

Treatment Plot dimensions: Beds/ Bed dimensiona Rows/ Plants/ 
combination (m x m) plot (m x m) bed bed
 

I 19.2 x 6.0 4 19.2 x 1.5 2 96 
2 18.9 x 8.0 4 18.9 x 2.0 3 126 
3,4,5 6.3 x 8.0 4 6.3 x 2.0 3 42 

B. Sources of yield data 

Treatment
 
combination Harvest area
 

I Two areas of 4.0 in length on inner 2 beds
 
2 Two areas of 3.6 m length on inner 3 beds
 
3,4,5 Inner 3.6 m length of inner 3 beds
 

C. Sources of labor data
 

Treatment
 
combination Basis
 

I 'Whole area 
2 Whole area 
3 Mulch labor adjusted from No. 1, fertilizer and pesticide labor 

adjusted from No. 2
 
4 
 Fertilizer labor adjusted from No. 1, mulch and pesticide laLor
 

adjusted from No. 2
 
5 
 Pesticide labor adjusted from No. I, mulch and fertilizer labor
 

adjusted fram No. 2
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Finally, the case study showed the importance of including both FSIP and 
consumption considerations for vegetable-based FSR&D. This can only be done 

through a team approach, as the conclusions of the original study indicated 
(18). The FSR&D approach provides an orientation for more effective team 
interaction of biologica: and social scientists. FSR&D provides a common goal, 
solving production problems, that transcends disciplines. This study has 

shown ways in which biological and survey data can be combined, both to 
It has alsodetermine research priorities and to design pilot programs. 

suggested ways in which the needs for more realistic labor and input data could 
modify the experimental design of biological experiments. 

Since the time of the study, methods for multi-disciplinary team needs 

assessment, design, and testing of alternative solutions have been presented in 

the FSR&D literature (22, 39, 55). Effective interaction of bio!ogical and social 

sciences is important at the regional level, as suggested by this study. 

AVRDC economics and crop mnanagement specialists could support that 

interaction, through consuitation, training, and technical assistance in the 
application of FSR&D methodology to vegetable-centered problems identified in 

national programs. Through such support to national programs, AVRDC 
economics and crop management specialists would at the same time acquire better 
first-hand information on priority problems requiring the specialized research 
cap Jbilities of AVRDC. 

This study was one forerunner of FSR&D methodology, and it provides a 

vegetalie-centered example of how FSRD can be appropriate fCr the tailoring 
of vegetable production technology to meet farm family constraints arid needs. 
This study, the general FSRD literature, :nd the works of Calkins and 

ideas arid tools for national programs personnel andcolleagues together provide 
AVRDC specialists to further advance the state-of-the-arts of 
vegetable-centered FSR&D. 
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