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DESIGN AND EVALUATION OF NEW TECHNOLOGIES
FOR ADOPTION BY SMALL FARMERS:
AN EXAMPLE FROM THE PHILIPPINES

James A, Chapman

The development of new technology appropriate for adoptior by
small-scale farmers is a major objective of farning systems research
(FSR). This paper presents a set of criteria to aid in the design and
evaulation of new technologies, and then uses them to examine a number
of technologies potentially useful for small farmers in a rainfad area
of the Phil, “pines.

THE_CRITERIA

The determination of criteria to be used in Judging whethei or not
&8 new technology is potentially beneficial and acceptable to farmers
should come during the initial stages of the farming systems resaarch
process. Such criteria guide the research, enabling technicians to
specify aspects of new technologies vhich must be present in order to
enhance productivity, They also aid in ihe determination oy research
priorities by helping to identify those new technologies with the
highast potential payoffs or levels of acceptability,

Based on a review of FSR literature (particularly Collinson, 1978)
and the personal experience of the author in participating in a cropping
systems research effort in the Philippines, the following criteria were
selected for assessing current and potential farm technologies.

Resource ytilization

How does the technelogy iu question make use of scarce resources
(e.g. lard and capital) and plentiful resources (e.g. labor)?
Technologies which maximize the use of abundant resources or zinimize
the use of scarce resources will be favored.

Contritution to noysehold obieotives

Hill the new technology increase the quantity of preferred food for
family subsistence or the amount of income derivable from productive
activities? Is food produced at times when family food atocks are
usuelly running low? Doss the new technology enable production at
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previous levels at a reduced resource cost? 1In order to be acceptable
to farmers, any new technologv should be production (income) increasing,
cost reducing, or both,

Inatitutional requirements

What will be the effect of the new technology on the community
resource aystem? Will new inputs, or greater guantities of current
inputs have to be provided? Are marketing channels available for the
increased output? Input delivery systems (including credit) are often
poorly developed in rural areas. This fact tends to favor technologies
that do not call for great changes in resource delivory systems over
those that do.

Managerial requirements

Small farxmers generally make changes in small steps which they view
as consistent with their circumstances, abilities and risk prefersnces,
They rarely adopt complete complex technological packages, which are
sometimes quite dependent upon appropriate timing of crop activities
(e.g. planting, fertilizing) and high levels of non-traditionai capital
inputs (e.g. fertilizer). Preferred technologies are those which are
flexible: only a few, fairly simple managerial adjustments are required
and the success of the technology is not overly contingent upon timing
and level of input use.

Agroclimatic requirements

Is the new technology compatible with the natural circumstarnces
prevalent in the area? New technologies must fit into the natural
environment, especially when new crops or crop sequences are being
propoced.

Acceptability to farmers

Tha criterion of the farmer acceptence summarizes the preceding
criteria and allows for the inclusion of other criteria that may not
have been detected previously. Farmer acceptance of existing technology
can be objectively determined by examining adoption trends. Judging the
acceptability of notional technologies is more difficult, a~ farmers
cannot draw upon their own experience with the technology in order to
reach a conclusion. Once the characteristics of the technology have
been explained, however, most farmers are able to predict a likely
response.
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APPLICATION OF THE CRITERIA

The preceding criteria were used to evaluate nev technologies being
developed by the Cropping Systems Progran at IRRI as well as thoss which
arose as a product of the fileld research process, which examined the
farming aystems cf a group of amall farmers located in a rainfed lowland
area in Iloilo Province, the Philippines (Figure 1).

The predominant acstivity of the Tloilo farmers is rice production,
usually in combination with upland crops planted either bafore or &fter
rice. Rice and upland 2rops azre planted in distinct seasons, determined
largely by the amount of water required for plant growth (Figure 2).
The rice-growing (drought-free) season usually lasts for 5-6 months.
Upland crops can be grown during two poriods of the year; &t the
teginning of the wet season, and in the transition perlod frcn a flooded
to a drought state. In other periods, upland crops would likely suffer
due to either drought streas (February - April) or the presence of
excessive moisture and flooding (June - October). Tho "competitive®
period, whzun oither rice or upland crops can be growa, normally has a
duration of just over one month.

Although there is some year to year variation ia the leongth of the
growing seasons depicted, they can be considered safe in the sense that
in most years, the probability of significant yield reductions due
either to drought stress or excessive moisture is low, However, crops
grown sutside the designated safe pariods are stbjected to produotion
risk, with the level of risk increasing with the length of growth time
outside the period. *

Rice forms the basis of the typical diet in Iloilo, usually
supplemented by modest amounts of fiah and vegetables.. It ia also the
principal source of cash income, with production above consumption needs
being readily scld eilher to the government or on local sarketa, Most
of the food consumed bv rural familles is produced by the family on
either owned, rented or sharacropped jand. There i3 come division of
labor allocated to crop production by age and avx, with adult males
undertaking land preparation with draft animals and women and small
children participating in weeding and harvesting aotivities. Hirad
labor use is concentrated during the harvaest, with laborers recoiving a
onc-sixth share of ths production for their elforts.

Though Iloilo farmers have partially adopted improved rice vari-
eties and modified planting techniques, the overall level of adopticn of
modern tecnnclogy is low. This ia manifested in ths limited use of
technology-embedded inputs such as machinery and egrochemicals. This is
due in some cases to a low preceived benefit-cost relationship of such
t.chnologies, while in others it {s due to the fact that cash or oredit
i unavailable for input purchaae,
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JRCHNQLOGX SYALUATIOR

Given theo importance of r-.ce in Philippine rurcl socioty, and
assertions of Iloilc farmers re;nrding the desirability of increasing
rice production on their far:s, the technologies chosen for analysis
deal mainly with rice. Two types of new technologies sro examined:
existing and notional.

Existing new technologiec are those which have been developed, cre
known to farmers, and are in some stage of the proces? of adaption (eor
rejection). Notiomnal technologien, on the other hand, are undevcloped
or poorly developed, but have a recoghized potentisml for adoption by
farmern in specific escological and sooloecononic circunstances.
According to Andernon and Hardaker (1679):

Notional now technologies are, because of their nypotheticel
naturc, cheap to invent and bounded only by the imagination
of the inventor. Since more fully developed technologies
have their genesis as notions, attontion tc generating
notioral technologies should not Le disregarded. Evaiuation
of thi= oategory cun range frecm intuition to analysis, but
analytical aopraisal is easentially confirmed to work on
models iather then on real systems.

A total of seven sxisting and notional new technologies will now be
evaluated according o the eforementlioned criteria in the context of
Tloilo socioscondszic and agroclimatic conditicus. Bafore d.scuaaing end
evaluating new rice technology, however, a deserintion of traditional
technology is necessury in order to facilitate comparison. Traditional
technologies evelsing over time ter ' to adapt to environmental require-
ments, bringing certain rigidities .. agricultural production systems.
An example of the phenomeron is the use by farmers of traditional rice
varioties which mature only during cartain times during o year when
specific daylength requirepents are met. 1In Iloilo, the nmost common
traditional rice varieties mature in Decazber when nearly all rains have
subsided. It 13 quito benefinrial to be able to harvest rice at the
heginning of the dry seuson, when plenty of sunchine is avallable for
solar drying. This wminimizes loszes due to grain rotting and
goerpination and facilitates the maintenance of acceptable standards of
grain quality. Horeover, traditional varieties mature at the same time,
regardless of planting date, enabling farmers forced to plant late in
years of late rainfall cnset to catch up while sustaining relatively
minor losses. As shown ia Figure 3, a traditional rice variety can be
planted in Jume and harvested in December. Two months would remain for
poasibly growing an upland crop after rice.

One dinadvantage of the traditional varieties is the simultaneity

with which labor in demanded for specific crop activities, especially
transplanting and harvesting. It 1s posasible to stagger land prepa-
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ration, seeding and transplanting of traditional varietie: without much
peaalty, though the tendenoy in rainfed areas is to plant nearly
aimultaneously with the onset of the rainy season., At barvest tims, all
rice in the area matures at once, creating a large domand for harvest
labor. As Iloilo is not a particularly labor abundant area, the har-
vesting procass for uny ons farm often lasts the whole month of Dacember
and absorbs large amovunts of labor, thus creating a labor *"hottleneck."

An aotual labor profile for a rainfod farm planting only tra-
diticnal rice varisties is presented in Figure 4, .and and seedted
preparation take place during the June to eurly August pericd.
Seedlings are transplanted during mid-Auguat through early Septexber,
and the mature plants harvested during December and January. The sarly
oncet of rainfall enables planting of an upland crop such as green corn
before rice cvop establishment on at least a poriion of the farn:.
Alternatively, drought-resistant crops such as wmungbean and cowpea can
be successfully planted arter rice on lower flelds with Yoavy scils
capable of retaining sufficient amounts of moistura,

FYALUATION OF VXISTING NEW TECHNOLOGIES

¥With the toechnology evaluation criteria in min¢, three alternative
axiating technologies are evaluatud to determ.'ne their suitahility to
current farning systeas in Iloilo. One of the technologias, namely the
utilization of early maturing varieties, is already in an advanced stage
of adoption by Iloilo farmers. The remaining existing technologies have
besn testac¢ by the CSP on farmers' ficlds, but thair adoption is not yet
widespread. 211 of the technologiecs Ziscussed partain to the growing of
rainfed louiand rice.

Existinz Teckpology 1 - Farly maturdng varieties (EMVa)

Reaource utiiization. The early maturation characteristic of new
varietiec causes them to use¢ land for a shorter period during the wet
season than do traditional varieties. This allows greater cropping
intensity, assuming the tinmo gained during the wet season can be used
productively. Low photoperiod sensitivity allows better use of a
usually ubundait resource, labor. The EMVs generally require as much
labor as do the traditional varietlies, but some of the requiremonts
during pericds cf high labor demand can be reducad. For example, labor
requirements can be spread out over time by staggering land preparation
and planting. “urthermore, since new variotius ere of a relatively
fixed field duration, harvesting labor requirements cau :130 be spread
out.

In order to realize their yield potential EMVs require increased
smounts of fertilizer (especially nitrogen). This implies the increased
use of relatively scarce amall farm resources, namely cash or credit to
obtain the neoded inputs., Recoimendations by rescarchers also call for
increased use of othor complementary inputs such aa herbicide and
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insecticide. These inputs, however, appear to affect yield lesa
atrongly than does fertilizer.

Contr! A N . Early maturing varieties
provide the potential for increased food production and farm income
through increased yield per planted crop and through the possibility of
increasing the nuober of crops planted on the same field during a crop
season, Since the time between planting and harvest is reduced, food
becomes available earlier in the season to replenish diminishirg atocks,
an important advantage to those farmers producing at or near aubsaistence
levels, Although many of the new varieties approximate the cating
quality of traditional varieties, some farmers continue to plant pre-
ferred traditional varieties to fill family food needs, while planting
new varieties for income generation,

quirements. The EMVs require an increasc in thae
application of productive inputs, especially fertilizer. However,
farmers generally apply amounts of inputs less than those recommended by
researche*s, Increasing yiclds and cropping intensity have greatly
increased the amount orf grain which passes through the largely
government-controlled marketing systenm, Therefore, storage capacity has
become a major protlem in the Iloilo area. The government. offers to buy
rice at a fixed price until its storage capacity is filled. At that
point, the informal market begins to function. During periods when
large amounts of rice are being harvested and the government is no
lenger able to purchase rice, produce is sold through local:"
intermediaries, often at prices substantially lower than the government
"guaranteed” p.ice. Thus, while production may have increased, the
possibility exists for a net reduction in farm income if the reduced
output price received by farmers more than offsets the value of the
increased ;roduction,

Manegerinl requireg:nta. MHodern varieties were developed on

experiment stations under tightly controlled environcental conditions.
Based on those expsriments, -ecommendations were made as to crop
management practices necessary to achieve maximum output., The recom-
mendations were rather rigid, calling for large amounts of capital
inputs and a high degree of water control. Furthermore, the recom-
mendations contained strict guidelines az to the timing of operations
such as transplanting and {nput application. 1In general, .mall farmers
do not possess the quantity and Quality of resources necessary tu carry
out these management recommendatioas, and therefore do not fully realize
the production potantial of the new varieties.

The early maturation characteristic has reduced the risk of yield
loss due to drought stress, as EMVS are normally harvested within the
bounds of the rice growing season. Treditional varieties, on the othor
hand, generally mature in Docember, and often face drought conditicns
before harvest.
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. Early maturing rice varieties planted
in Juno are ready for harvest in approximately 110 days from the date of
initsel planting, allowing for the n0szibility of planting a subsequant
rice ecrop or an upland crop.1 A second rice erop, however, would face a
high probability of drought stress in the flowering and maturity periods
(Fig. 5). Information gathered from CSP oropping pattern trials in
Iloilo dexonstrates that expected ylelds from second rice crops ars on
average one-half those of rice crops established at the beginning of the
wet seaason. Moreover, while first crop ylelds tend to be somewhat
stable, second rice crop yields exhibit large year to year variations.

. During interviews of sanmple farmera, the
question was raised as to why they had adopted, or were in the process
of adopting, new rice varieties. The reasons expressed, in order of
their importance were: a) increased potential for multiple cropping; b)
increased yield levels per crop; c¢) early harvest repleniahea rioe
stocks at an opportune time; d) lower incidence of pests and diseases;
8) resistance to lodging.

Ten out of twelve farmera interviewed listed increased multiple
cropping potential as the principal advantage of new varieties. All
farmers mentioned increased per crop yielda as important, though
generally lesa significant than nultinle cropping potential. Farmers
with the smallest area: suitable for rice crop establishmant mentioned
early harvaest as importart for replenishing their family'a dwindling or
non-existant rice sto-ks. Pest, disease and lodging resistance wera
mentioned by less tbun one-half of the sample.

The reaction to EMVs is not entirely favorable, however, The
harvest of a crop planted at the beginning of the wet season occurs
during the part of the season when the frequency and intenaity of
rainfall are high. The rice musat be harvested wet, causing the npanual
threshing process to be more difficult and time consuming, Significant
grain losses may also be fincurred due to grain rotting and gernination
if rice is allowed to remain wet over a long period. The most common
method of drying rice is the uae of solar energy, a scarce resource in
the wet season.

On balance, the advantages of the rew varieties agex to outweigh
the disadvantages, as evidenced by both tkh.: adoption behavior of farmers
(Figure 6) and their verbal responses,

mmmmmwwmmummummwu
Dry seeded rice is not a new technology. The use of DSR in con-
Junction with new varieties, however, is new.

Twhen transplanted, EMVs take alightly longer to mature (one to two
weeks) due to time lost as each plant "recovers®" from transplanting.
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+ The principnl advantags of DSR is that 1
8llows the early establiahment of a rice crop at the beginning of th
wet season, This increasos the potential for growing a second rire ero

for the growth of upland crops. Adoption of the DSR technigue woule
increase the requirement for land preparaticn labor during o period wher
ittle o~ no farm work usually tzkes pPlace, Capital requirements are
8im.lar to those required for planting early waturing varioties using
other seeding methods with the possible exception of herbicide, Since
dry land Preparation does not effactively control weeds, the use of
herbicide aprears to be a necessary pre-condition for the adoption of
DSR.

- To tho extent that DSR fa-
cilitates increased cropping intensity, the ability to meet household
foond requirenents and increase farm Incemes will be enhanced. Becguse
plarting takes place early in the season, rice stocks can be replenished
at an early date.

; REGLS.  The institutional requiremsnts for DSR
wotld be similar to those for eatablishing any new eerly maturing, high
ylelding rice variety.

Manager 3. Throe significant problems have been en-
countered with DSR as 2 planting stratagy: (a) Poor and uneven
geraination; (b) death of zerminatad scodlings due to drought; and (c)
excessive weed growth,

distribuvtion before the onset of heavy sustained rains., Thus, they are
beyond the farmer's control once the fields have been prepared ang
seeded. Problem (c), excessive waed grovth, {s controllable by farmers
assuwlng that sufficisnt labor and eash resources are available.

Tining ir DSR 1a ceritical, as fields must be prepared aad pPlanted
at the very beginning of tho wet season. Aftepr seeding, rainfall causes
both weed and rice seeds to germinate, Sipce fields are never perfectly
level, soil mnoisture conditions differ 1. different parta of the field,
causing uneven germination., Due to their low photoperiod sensitivity,
New varieties will mature in roughly a constant period of time after
germination, Therefore, if germination ooccurs unevenly, maturation will
alaso be uneven, thus delaying or couplicating the harvesting process.

. Poor initial ¢rop stands gre likely if

there 1s either too little or too ouch rainfall, If rainfuall is heavy
soor after dry seeding and cufficient water accunulates, seeds and young
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As rainfall tends to bo unstable in both frequenoy and intensity at
the beginning of the wet seasnn, "ns probanility of poor initial arop
stands combined with strong competa ion froa waeds is high. The type of
damage likely to be suffered depends upon the position of the field
within the topographic saquerce and the typa of ooil. For example,
paddy fielda on side slopes or fields with 1ight soils would be most
likely to receive insufficient moisture to support a dry needed crup in
its early stages. Dry sceded fislds in the lowor landacape pesitions,
or with heavy soils which easily Jmpound water, would be most sus-
coptible to flooding dexage should initianl rainfall be lntense or very
frequant.

Accnphabiliry to faruers. Interviews and discussions ware held
vith farmers trying DSR during tha period of crop growth and subsequent
to its hervest, Farmers who decided not to try DSF cited rainfall un-
gertainty and high expocted wesd growth as the majin reacon for their
choica., Of the farmers that did try DSR, two said that they did not
plan to repeat the technique the following year, dus to poor yilelds
caused by tha previously mentioned conditions. A third farmer, who
astablished DSR on & very low landscape position, achieved good results
and is planning to continue the practice in the future on the same
fields.

Examining the psrformance criteria stated at the beginning of this
paper, one finds DSR deficient on two points. First, it appoars that
the levals of handweeding labor anc cash for purchase of chemical inputs
that farmers must have available in order to successfully utilize the
technology are higher than farmers are willing or able to allocate,
Sscond, DSE increases rather than roduoces the effects of uncertainty on
the farm system. In order to achieve the potential benefita desirable
from DSR, tho farcmer must subject himself to a higher probability of
yield loss due to flooding, drought strers and competition from woeds,
Finaliy, with respect to farmer acceptability, the adoption of DSR as a
crop establishment technigue has been quite low,

Existing Tecbrology 3 - Trapsplanting the second rice crop (TPR)

One means of increasing the potential yleld of a sqcond rice crop
following the harvest of an EMV i3 to transplant the 3ucceeding crop
using meture (35-45 days-old) seedlings (IRRI, 1976). The ssoond rice
crop, also un ENV, must be sown in seedbeds bafore the harvest of the
first crop and transplantsd into the main field once the praevious crop
{s harvested and thy field has beon prepared. The transplanted orop
will mature in ntout 75 days after the date of transplantirg (Figure 8).
The probability of yield roductior due to drought stress is reduoced as
the amount of timo nacesaary for the crop to be in tho field after
planting is shortenad.

Beasgurce utdlization. Transplanting the scoond rice crop with
35-50 day-old seedlirgs can enable farmers to harvest two rice crops in
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a single season with a lower risk of severely reduced y*slds for either
crop. There are, however, two significant factors which limit the
adoption of this technology:

1. A portion of land must bs set aside (not planted to a firat
rice crop) for seedbed preparation.

2. Labor must be available for transplanting when seedlings
gre mature and fields are prepared.

The first factor is relevant mainly to the smallest farrs. Part of
the inccme generated by a transplanted second crop must pay the cost of
the foregone opportunity of a first crop of rice growing on tha seedbed
area. The second factor mentioned, that of transplanting labor availa-
bility, is probably moLt significant. During the time wvhen
transplanting of the second crop should take place, rice crops on other
fields in the surrounding areas are being harvested.. The wage rate for
harvest labor (including threshing) is based on a crop share, while the
transplanting wage is usually a fixed amount. The transplanting wage
was set when mainly traditional varietics were being used, and few
alternative employment activities existed for tranaplanting labor. With
the greatly increased adoption of non-photoperisd sensitive varieties,
opportunities for harvest labor are available throughout most of the
rice-growing season. The harvest wage varies with the yield of the
crop, generally in the same direction. That i3, the higher the yileld
por unit area, the higher the harvest wage per unit time. The analysis
of farw records haa shown that harvest wage rates vary from roughly
aqual to as much as four timcs the transplanting wage.Z Since many of
the harvesters are landless laborers, their share of the harvest may be
worth something closer to the retail price of rice than the wholesale or
farm gate price. If the rice earned is used for consumption, then a
milling fee is the only additional cost, as they often transport the
rice Lnemselves and have no marketing expenses to pay. Therefore, the
real harvesat wage was Ls high as eight times the wage being offered for
tranaplanting. This of course restricts the supply of labor for
transplanting during harveat time,

X « Transplanting the second
rice crop sllows farmers to increase cheir cropping intensity, thereby
increasing food production aad farm income.

Institutional requirements. Transplanting i1z a common farm
practioe which requires no new capital inputs from outside the aystem.
Other requiruments would be simllar to those which would nacessarily
accompany the adoption of any rew variety.

2These figures reflect valusiion of the harvesters' crop share at
the farm gate price of rice.



. Managerial changos associated with the
adoption of this technology would be minismsl, as farzers are already
familiar with transplanting tochniques. The changes thet would have to
oocur involve reducing the amount of land planted to the first rice crop
in order to provide space for growing & scedbed, increasing the seedling
transplanting age in order to reduce the amount of time the crop is in
the field, and incrensing tho density of tranoplanted secdlings.

Agroclinatia requiremonts. As demonstrated in Figure 8,
transplanting the second rice crop enahles the two-crop sequence to fit
postly within the time period alotted for rica produotion. Tho asjor
differonce from previous recommendations for transplanted rice concerns
the age of the seedlings upon transplanting. EKExperisental triala
undertaken at IRRI in 1978 evalusted yield and growth duration effects
of old seedlings. Average grain yiclds wera significantly reduced when
old seedlings were used when the transplanting intensity was three
seedlings per hill. However, the use of an increased number of
sendlings per hill wap found to increase the yield of plots planted with
Af-day-old seedlings to levels sinilar to thoss planted with 18-day-old
seedlings (IRRI, 1978; Tablie 31).

Accoptability to farmers. Farmers in Iloilo heve demonstrated a
general reluctance to allocate land to ssadbeds and to forego the more
certain first rice crop for what they consider to he a leas oertain
cutcome for a aoccond rice crop. Furthermore, farzers have been wall
versad on the necesaity of transplanting EMV seedlings carly (18-20 daya
after sesding). They therofore expsct inferior yields using the older
seedlings that form the basis of this new tachnolegy.

In Iloilo, there is not an overabundance of landless puople
offering their services as temporary agricultural laborers. In faot,
many farmers with small holdinga forego productive opportunities on
their own farns in order to work as harvesters in neighboring larger
farms. Moreover, it 15 unlikely that farmers in the aren would be
willing to increase transplanting wages sufficieantly to attrsot labor
that would ordinarily be used in harvasting.

In evaluating this techrology according to the criteria for
appropriateness presented at the beginning of this paver, we find that
transplanting the socond rice crop can improve the productivity of land
(by increasing expected yield) and can reduce the affacts of uncertainty
on the farming system (by reducing the risk of yie)d losa due to drought
stress). However, it 13 not ccmpatible with the level of labor and
capital farwers are willing and able to reallocate.

EVALUATION CF NOYIONMAL TRCHMOLOGIES
The previously evaluated tochnologies can be considered relatively

developed in the sense that at least preliminary field testing and
evaluation has occurred. As demonstrated previously, a large scale
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adoption of Existing Technology 1 (EMVs) by farmers has already taken
place, Existing Technologies 2 and 3 have been developed and tested,
but adoption by farmers is not yet widespread. 1In this section, four
notional new technologies will be briefly described and evaluated in the
context of Iloilo rainfed farming systems., Esch of the notional
technologies is designed to enhance farm productivity, either by
improving the utilization of currently available resources (eapecially
land during the wet season) or by contributing to the alleviation of
some of the problems plaguing unacceptable existing technologies,

Hotiona) Technmology 1 - Verv early maturing varieties (VEVs)
As mentioned previously, early maturing varieties do not provide
the opportunity for double rioe cropping under rainfed oonditions
without entailing a substantial risk of yield reduction cue to drought
stress of the decond rice crop (Figure 5). One potential means of
allowing double rice cropping under less risky conditiona would be to
develop varieties with an even shorter maturation period (Figure 9).

Rerource utilization. By enabling the planting and harvesting of
two rice crops per season, VEVs would require increased amounts of labor
and capital inputs than are currently employed under single orop pro-
duotion aystoms. Land would become roughly twice as produotive as it
ourrently 1is in areas where multiple rice orop potential is low using
existing EMVs,

Sentribution to ousehold objectives. VEVs would contribute an
increased supply of rice earlier in the season thar late maturing
varieties. Initial adopters of such varieties would likely obtain
higher prices for their output due to the early harvest, thus generating
greater farm incomea, Total rice production per unit of land would
increase, resulting in an iacreased overall family fond supply. Nu-
tritional levels may decline, however, if double rice cropping implies a
reduction in the production of other food crops.

Inatitutinaal requiremepts. No new inputs, other than seed (which
farmers can produce themselves after the first year), would be required
for VEVs. Levels of oommon capital inputs would need tn be inoreased in
a manner corpatible with the growing of two crops of rice in a season
instead of one., Marketing problems may arise, especially for the second
crop, due to a lack of adequate capacity of governmental storage
facilities.

. Tae managerial roequirements for VEVs
would be similar to those for varieties currently used by Iloilo
farmers., Timing of crop activities will become increasingly important
if two rice ciops are to be planted and harvested before the end of the
wet season. This implies that labor must be available for timely land
prepuration, planting and harvesting of each orop.
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. For rainfed aroas such as Iloilo, with
a 5-6 month rice growing season, rice varieties with field duration of
about 90 days can be double ocropped using wet seeded establishment
techniquea (Fig. 9). Both crops can be grown at least through the
flovwering astage during the period of the yoar that the probabilities of
obtaining sufficient rainfall to support normal rice crop growth are
high.

Sclentists have already succceded in breeding very early maturing
varieties., In addition, rice varioties typically grown .n temperate
climatez produce much more rapidly in the tropica, some in aa little as
70 days. However, experimental results at IRRI appear to demonstrate u
positive correlation between maturity and grain yield (Figure 14), The
earliest maturing variety currently being recommendod for use in tho
Philippines 1s IR26, which matures in 105 days. There is some question
as to the physical feasibility of producing new varieties with sig-
nificantly reduced field duration periods that atill provide the high
yield potential of some of the later maturing varieties currently in
use. S3ignificantly lower yield expectationn could reduce ths at-
tractiveness of very early maturing varieties vis a vis other currently
available production technologies.

. When questioned rs to the potential
desirability of varieties with a very short field duration, all farmers
responded affirmatively. 1In fact, some of the farmers wore already
experimenting with Japanese varieties that were said to mature in as
little as 70 days in the Philippines. Host farmers who tried these
varieties reported that yields were unacceptably low and that grain
quality wes inferior. The Japanese varieties would have to be improved
upon in these two aspects before becoming acceptable to farmers.

Very oarly maturing varieties for the ralnfed farming system appear
promising providing problems of low yield rad grain quality can be
overcowe. The major positive factor would be the reduction of un-
certainty in the system with respect to rice ylelds, as both oropa could
be fully grown under favorable conditions for rice.

Notional Technology 2 - Late maturipg varieties (LMys)

If the positive relationship between rice yields and maturity
period is confirmed, it may be possible to increase output over ourrent
levels by growing a long duration, non-photoperiod sgnsitive high
ylelding variety which can then be followod by an uplsad orop (Figure
9). The principal advartage of a non-photoperiod sensitive LMV ovar
traditional varieties is that it could be harvested earlier in the
season, leaving more time for eatablishing a subscquent upland erop
under favorable conditions. On fields in the higher landacape po-
sitions, where yield loss probabilities tend to be highest for a wet
seeded second rice crop planted late in the season, double rice cropping
may not be viable in most years. In such areas, the planting of a
late-maturing, high ylelding single rice crop would be preferable over a
single short-duration rice crop. Ample time would remain for planting a
suoceeding upland crop.
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« The development of LMVs would not require
large changes in ourrent eropping practices. Land use intensity would
increase somewhat as more upland second orops oould be plunted. Labor
and capital use would remain virtually the same, with changes cocurring
only in timing,

- Due to improved yield
charaoteristics, a modest increase in rice production would be expected,
Similarly, due to an early harvest, the potential for planting upland
eropa after rice would also increase (Figure 11). Assuming stable price
levels, this would provide increased farm income as well as food for
home consumption. The timeliness of food provision would not vary
substantially from existing putterns.

. Adoption of an LMV would require no
new inputs or policies. Due to the similarity in timing to traditional
varieties, no special market requirements are foreseen.

« Management of LMVs would be similar to
that required of traditional varieties. The level of risk for the
second upland crop would, however, be reduced.

- There is no reason to suspect that an
LMV would not be biologically feasible, though most non-photoperiod
sensitive varieties are early maturing. 1In regards to suitabilitly to
rainfed climatic conditions, there should be ne problem.

p . Due to the fact that LMY adoption would
not stisulate great changes from current practices, farmers interviewed
indicated that the technology would be acceptable. They were also able
to recognize the advantage in regards to an earlier establishment of the
upland crop.

MMMMMMWMMUM

The development of early maturing, photopsriod sensitive rice
varieties could be used as a major compcnent in a technology based upon
dry seeded rica. Praviously, an analysis of DSR-based cropping patterns
revealed major problems with respect to maturity and weed growth that
would be alleviated or partially alleviated with the advent of such a
variety.

High fphotoperiod sensitivity is a desirable characteristic for a
dry seeded rice variety, since maturity is principally determined by day
length even though the Planting date may vary. One of the major
problems with DSR is that of uneven maturity due to uneven germination
and subsequent replanting of poor initial stands. Areas which require
additional planting cen be reseeded once rainfall has stabilized, and
the new plants will mature at the same time as the older plants.
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Reaource utilization. As part of a sultiple cropping scheme, the
chief desirability of DSR is that it permits the establishment of an
initial rice ercp as soon as the soll has accumulated sufficient
moisture to permit land preparation. The early establishment of the
first rice crop greatly improves tha chances of plenting and harvesting
2 good second rice crop (Figure 7). Capital and la%or use intonsity
would be affected in a fashion similar to any tachnique whick would
facilitate ths dcuble cropping of rice.

hiectivea. The utilization of a PSY
would allow early rice crop establishment using dry seeding techniques,
which in turn enhances the posaibility for double rice cropping. The
potentisl would then exist for increasad rice production and farns
income. Furthermcre, two rice harveats would allow greater flexibility
in the management of rice stocks for family consungtion.

. No new inputs or policies would
necessarily acconpany the adoption of this technoloyy. Market effects
would be to alter the pattern of supply, enabling rainfed farmers to
market their rice crops earlier in the season, thus possibly gailning a
price advantage.

Mangaerial requirements. Crop establishment practices would be
altered with the use of DSR techniques. Furthermore, in order to derive
full benefit from the PSVs, field preparation must be accompanied at the
onset of Lhe wet season. Production risks would be reduced as sparaaly
populated parta of a field could be replanted and the antire field would
still mature simultaneously.

Agroelimatic reouirements. The biological feasibility of varisties
which flower ard mature nnder day length conditions prevaleat during the
middle of the rainy season would need to be explored by tho plant
breeders. The climatic fit of such a variety as the first crop in a two
rice crop pattern would be similar to that presented in Figure T.

Acceptability to farmers. The idea of PSVs as notional technology
was conceived after completion of field work, and hence was not pre-
sented to farmers for judgment. However, the probable benetit of this
technology is that it would alleviate the uneven maturation constraint
associated with DSR, which would therefore mako the seeding method more
acceptable to farmers.

Notional Technology U - Ratoon rice varicties (RAYa)

) Ratooning of rice is the use of the plant's regenerative ability to
produce 2 subsequent crop (or crops) from field atubble after the
harvest of the first crop. The expected vields of a ratoon orop are
almost always lower than those of the main crop. The principel
advantage, then, 13 the potential saving of both time and lauvur. The
time-saving featurs of ratoon cropping is what makes it most attraotive
as a potential new technology for rainfed areas with agroclimatio
conditions similar to those prevalent in Iloilo.
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The principal characterizticsa of a oropping pattern featuring
ratoon ar: shown in Figure 12. Sin:e the period from initisl ratoon
growth to grain naturity is short, the first rice crop can be estab-
1i3hed late enough so that the risk of early drought stress is low. In
most cases, this implies the use of wet sceding aa the initial rice crop
establishment technique, Ratoon growth begins irmediately after (or
sometimes before) the harvest of the plant crop. ey shoots are
produced at the base of the plant or grow from the nodes of previously
cut tillers. Since ratoon matures much sooner than the main crop,3 the
total duration of the main-ratoon crop is approximately 170 days.

tion. The growing of & ratoon rice variety would
make use of land in the latter part of the wet season which, in cases
where growing s second crop is infeasible, has no alternative use. A
ratoon crop would require few if any additional capital inputs, as the
residual nitrogen not utilized by the main erop would be available for
the ratoon. Since no effort would be spent preparing and planting land
after the first rice crop, additional labor would be required only for
the harvest.

Contribution to houaehold oblectives. By providing an added rice
harvest from areas where double rice cropping is not feasible, ratoon
eropping would increase the family food supply and modestly increase
farm income.

Institutional requirementa. Ritoon technology would not depend
upon new or greatly increased levels of inpuis fron outside. Since
expecte¢ atoon crop yields are lower than expected main crop ylelds,
minimal additional stress would be placed on the profuct pnarket.,

Mapagerdal reguirenepta. Ratoon rice cropping requires no new or
unfemiliar tochniques, The importance of timing of crop activities is
not greatly increased, though main crop astablishzent early in the wet
season would be preferable to ensure thal both crops would grow under
optimal molsture conditions. As the ratoon crop is ready for harvest
Just at the end of the rice growing season, the probability of sub-
stantial yield reduction or crop failuro due to drought atress is low.
Furthermore, the poasibility still eaists for planting and growing an
upland crop under auitable soil moisture conditions.

Another feature that makes ratoon cropping attractive in a rice-
based cropping pattern 1z the reduced labor requirements. Since no land
preparation or planting labor is required for ratoon, farmers may
utilize othsrwise idle land and still avail themselves of alternative
employment opportunities such as harvesting on neighboring fields.

31n the case of IR~36, the ratoon matures in approximately 50-60
days after harvest o the main crop.
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Ratoon cropping then becomes a complementary rather than a coupetitive
activity, as output can be generated with low levels of inputs and
sansgenent.

(] . All rice plants havo a regenerative
ability. However, experience uith eerly paturing varieties indicates
that ratoen yields can be expacted to be much lower than those of the
main cro}. This i3 partly because "ratoonability"™ has not been a
criterion for varietal selaction in IRRI breeding programs. Kosults
from cropping pattern trials indicate that the average yields of IH-36
ratoon approximate one-sixtl of the main crop yield (Component
Technology Reaearch Staff, 1979)." While ratoon cropping 1is
blologically feasible and fits the prevalent climatic pattern in Iloilo
well, breeding vork will have to be dcne to obtain verioties which would
incrense the benefits of ratoon technology.

Acceptability to fargers. The farmers participating in this study
were questioned as to their preference batwecen rice varisties currently
available and a proposed new variety which would produce about one-third
the yield of the new varieties they were using. All of the farwsrs had
previous experience with ratoon, though fow had done it intentionally.
Their word for ratoon translated roughly as “volunteer rice®™., During
years in which there was substantial rainfall late in the rice-growing
season, some newly harvested rice plants would regenerate. In most
years, farmers did not consider the ratoon rice to be worth harvesting,
as the yiolds were extremely low. In years when it was harvested, the
largest share went to the hired harvest labor.

When prenented with the idea of ratonning the new varieties with
the expectatinn of a better yield, farmers responded positively. Of the
twelve farmers interviewed, ten stated that they would favor the
adoption of a ratoon variety rather than risking the planting of two
crops of the currently available new varieties. One of the farmers
stated that he would try to plant two rice crops if the onset of the wet
season was very early, and plant a ratoon varioty otherwise. The other
farmer indicated that he could not predict his respoase to a ratoon
variety until he had hed first-hand experience with 1it.

During the three previous cropping seasons in the Iloilo area
(1976-79), an average of over 70 percent of the rainfed lowland was
planted to either rice-upland crop or rice-fallow patterns. Ratoon
cropping could conceivably incresse **.- productivity of nearly all of
this land, provided that ratoon yjelds are sufficiently high to warrant
the expenditure of labor for harvest.

BNo cash inputs (such as fertilizer or pesticides) were added to
the ratoon crop, which would in part explain low yield figures.
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Each of the four notional technologies described 1s designed to
alleviate at least one system comstraint without sggravating other
constraints or creating nev ones., The utilization of very exrly
maturing varisties (VEVa) weould allow the dnuble croppimy «f rice with a
readuced degree of yield uncertainty due to adverse climatic conditions.
FPor lsud with low double cropping potential, the planting of a higher
ylelding, mediuc to late maturing variety (LMV) car increase land
productivity if new late maturing varisties can be fcund which aohieve
significantly higher and more atable yield levels than the EMVs, Tha
third notionnl technology suggested wass the utilization of an early
maturing photoperiod sensitive varisty (PSV) as & complement to dry
seaded orop establishment. Such a variety would contribute to the
alleviation of scme of the problems plaguing farmers who have tried DSR.
Lastly, the utilization .f rice regenerative abiiity through the de-
velopment of & vigorous ratoou!ng variety (RAV) was suggested as a means
of increasing rice production with a =mall investment in arees where
double rice cropping is infeasible due to high drought probabilities or
other constraints.

A TECHNO! 0GY CHECKLIST

As a conclusion to this papei, a checklint of the possible effects
on thu farm syatea of a new technology is presented (Table 1). Each
existing and notional tochnology ia rated in toerms of what changes in
the farm system are neceasary in order to facilitate the adoption of the
technology ard what likely effects the succes3aful implementation of each
technology would have on the farm aystem in question.

Notional and existing technologies possess different advantages and
discdvantages in terma of their sdaptability to rainfed farming systems.
Pefore tachnology development should take place, a ranking of tech-
nologies would bs dexirable so that ressarchers could focus on inventing
the betier ones. Therofore, each technology was gssigned a numerical
rating according to whether 1t possesaed ...orable, neutral or
unfavorsable effects when compared to traditional technology far each of
the evaluaticn criteria. The summation cf positive, negative and zero
ratings provided an overall denirability index for each technolegy
(Table 2).

411 of the evaluation criteria were weighted eyually. Tt is
likely, however, that the relative weights of each criterion would vary
from faurm to farm depsnding upon such individual characteristics as
land, lebor and capital availabilit, and risk preferences. Thcugh
different weights would change the individual scorss for wxch tachs
nology, there is aufficlent differance in the scores obtained by moat of
them that the ordinal rankings would still be liksly to hold.

According to the criterie ussd in technology evaluation, all of the

notioral technoloziea would be superior to any of the existing new
technologies. However, not all of the notional techmolecgies would be
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equally desirable or beneficial in the Ileiln context. Bused upon the
rankings pressctad, it would appear that the development of aa early
maturing, non-phatoparicd sensitive variety with a vigorous ratooning
capability would best sarve the needs and cenditiona of Iloilo farmeras.
From the rermers' viewpoint however, no one technology can be considered
appropriate for all situstions. Under currenl: sgroclisatic and socio-
econonic conditiona, it appears that double rice cropping i1s feasible
arinly in the lower landscape pasiticns with beuvy clay msoils which
easily retain moiature. Labor and pPoyar conatraints also 1lipit the
amount of land per ferm that con he wultipla cropped. In ordsr to
further {ncrenss the productivity of aseall farna, it ia desirable to
presant farmers with a sot of alternative t&chnologies which are
appropriate for differant socloeconosic and egroclimatio ajtuations.
Priority should be given to the development of the most flexible
technolugles, {.e. those which are appropriate under ths greatsst number
¢f c¢ircomstances,
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Suitability of DSR under typical lloilo sgroclimatic conditions.
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Figure <. Transplanting a sacond rice crop with older seedlings under lloilo agroclimatic
conditions,

Note: 8, Seedling growth
b. Main crop growth
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Figure 10. Relationship between avarage grain yiuld and maturity period of ten IRRI
varieties recommended for the Philippines.
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Table 1. A Technology Checklist

Evaluation Existing Technologies Notional Technologies
Criterion Adopted Unadopt~d
MY DSR  TPR VEV LMV PSV  RAV
Resources
Land Use Intensity 1 2 1 2 1 2 2
Labor Use [ 1 -2 1 [ 1 1
Capital Use -1 -2 -1 ~1 Y] 0 0

Household Objectives

Food Production 1 2 2 2 1 2 2

Farm Income 1 1 1 1 1 1 1

Timeliness 1 1 1 1 1 1
Institutions

New 1nputs or Policies =l -1 -l -1 -1 -1 -1

Market Changes -1 -1 -1 -] 1 -1 -l
Management

New Tachniques 1 -1 =1 1 1 -1 1

Critical Timing 0 -2 -1 1 0 1 1

Level of Risk 1 -2 1 1 1 1 2
hgroclimate

Biological Feasibility 1 1 1 0 0 0 1

Climatic Fit 1 -2 1 1 1 1 2
Parmer Evaluation

Acceptable 1 -2 -1 1 1 0 2

Foregeen Problems -1 -1 -2 1 1 1 1
Headings: EMV - Early Maturing Variety, DSR - Dry Seed Rice, TPR -

Transplanted Second Crop, VEV ~ Very Early Maturing
Variety. LMV - Late Maturing variety, PSV - Early Maturing
Photosensitive Variety, RAV - Ratoon Variety.

Code: 2(~2) - Strong favorable (unfavorable) effect in comparison
to traditional technology.
1{~1) - TFavorable (unfavorable) effect in comparison to tradi~
tional technology.
0 = Neutral or unknown effect.
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Tablae 2. Tachnology ranking according to evaluation criteria

Rank Techrology Overall Score
1 Ratoon Variety (RAV) 15
2 Vary Early Maturing Variety (VEV) 10
k] Late Maturing Varjety (LMV) 8
4 Early Maturing Photosensitive Varicty(PSV) [:]
5 Early Maturing Variety (EMV) 5
6 Transplanted Second Crop (TPR) -1
7 Dry Seeded Rice (DSR) -6
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