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INTRODUCTION
 

The Quimiag-Penipe (Q-P) region of Chimborazo Province, Republic of
 

Ecuador (lat. 10 30' S), has been chosen as the site for a joint rural 

development project sponsored by Cornell University and the Interamerican
 

Institute of Agricultural Science (IICA). This program is being carried
 
out in conjunction with an overall rural development project of the
 

Ecuadorian Ministry of Agriculture and Animal Husbandry (1).
 

The author's services were requested by the Ecuadorian Ministry of
 

Agriculture and Animal Husbandry (MAG) to evaluate the current status of
 

apple culture within the Q-P region and to recommend strategies for improve

ments in that production. The duration of the visit to the Q-P region was
 

from August 20 to September 9, 1978. Most of the author's time was spent
 

in the Q-P region, with visits to the NAG fruit tree nurseries at Guaslan
 

and Pillaro and a one-day tour of deciduous-fruit-producing areas near
 

Ambato.
 

THE QUIMIAG-PENIPE REGION
 

Location
 

The Quimiag-Penipe Rural Development Project covers an area of
 

approximately 31,470 hectares (ha.) located in Chimborazo Province, Republic
 

of Ecuador (2). This area is located in the Interandean region, where
 

intense volcanic activity has produced the major geologic and topographic
 

features. The project area is bordered on the west by the Chambo River
 

and extends eastward to a major north-south ridge running southward from
 

Tungurahua volcano. The region is characterized by a predominance of
 

steeply sloping terrain. Changes of elevation within the project area
 

are extreme, creating considerable variation in microclimate within the 

region. The general range of elevation within the project area extends 

from approximately 2300 m. at the river up to approximately 4000 in. at 

the highest points.
 

Climate
 

The climate of the region is typical -' tropical zones in that mean
 

temperatures fluctuate very little throughout the year. Various climatic 
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zones are created by differences in elevation, with microclimatic
 

variations within these zones resulting from topographic features which 

may influence exposure or air movement patterns. Diurnal fluctuations 

in temperature typically exceed seasonal changes in mean temperature.
 

during any month of the year, but is usually greaterRainfall may occur 

from November to June. The mean monthly temperature in the principal
 

fruit-growing area of the region ranges between 11 and 130 C all year.
 

Soils
 

The soils of the area are derived from the products of volcanic
 

activity. They are composed primarily of volcanic ash, which confers a 

loose, sandy texture. These soils are generally very low in organic
 

matter, and may be low in water-holding capacity. The scarcity of published
 

information on the physical and chemical characteristics of soils in the 

region makes an estimate of natural fertility difficult. Such soils are
 

likely to be deficient in nitrogen, however. Erosion can become a serious
 

problem in these soils if not managed carefully.
 

Fruit Crops
 

The major deciduous fruit grown in the Q-P region is the apple. Some 

peaches, pears, and plums are also grown but the apple is by far the predomi

nant fruit and will constitute the primary subject of this report. Fruit 

growing is not generally distributed throughout the region, although many 

farms have a few backyard trees. The great majority of the commerical apple 

production of the region is centered around the village of Bayushig, where
 

about 65% of the trees in the Q-P region are located (1). Other small 

production areas scattered throughout the region comprise the remaining 35%.
 

The amount of land area devoted to fruit growing in the region is not large,
 

amounting to between 250 and 300 ha. in Bayushig (2, 10) and probably not
 

more than 400 ha. total for the region as a whole. These specific fruit

producing localities have probably developed into fruit areas primarily as
 

a result of suil and climatic conditions which permit successful, though 

mediocre, fruit growing with a minimum of orchard management technology.
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Population
 

The Q-P region is made up largely of small farmers employing traditional
 

farming methods. These people are primarily of "mestizo" (mixed Spanish-


Indian) ancestry and are fluent in Spanish. A 1971 survey indicated a regional
 

population made up of around 86% mestizo and 14% Indian people, as contrasted
 

with an average for the entire province of approximately 50% Indian population
 

(1). Chronic unemployment is a serious problem, with a level of 42% unemployed
 

cited in one study (1). Many people must leave their farms during a part of
 

the year to seek employment elsewhere.
 

The"minifundio" or small-farm-size problem in the Q-P region is serious
 

and can be highlighted with a few statistics. While 58% of the cultivated
 

land is owned by 3% of the agricultural producers, with an average of more
 

than 20 ha. per farmer, fully 42% of the agricultural units consists of farms 

of less than orie ha. in size (1). The average farm size among farmers in the 

Bayushig area is only 1.5 ha. (2). Thus, subsistence farming is a way of life 

for the majority of the :t this region. 

Cr ADng Systems 

Because of the need of subsistence farmers to produce crops for their
 

own consumption as well as for commerce, multiple cropping systems are the
 

rule in the Q-P region. Fruit trees are usually intercropped with one or 

more of the principal subsistence crops, corn, beans, and/or potatoes. Weeds 

and/or forage crops for animals may also be grown, depending on need.
 

CURRENT STATE OF APPLE ORCHARDS IN THE Q-P REGION
 

History and Background
 

While basic subsistence crops such as corn, beans, and potatoes have 

a long history of association with native agriculture, fruit growing is a 

rather recent development. The first fruit orchards in the Q-P region are 

reported to date from the last decade of the 19th century; the major apple 

cultivar, 'Emilia', was apparently introduced to the region sometime around 

the turn of the century (I). Hence there has not been the evolution of 

cropping systems for fruit crops analogous to those developed for basic crops. 

In addition, fruit crops do not represent the primary agricultural production 

for the vast majority of small farmers; this fact is reflected in the almost 

complete absence of applied orchard technology. 
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The average level of orchard productivity is very low, primarily as the
 

consequence of the lack of proper orchard management practices. The few pro

duction data which are available give an indication of the current state of
 

the 	industry.' The average apple yield for the Q-P region is quoted as being
 

around 1.2 metric tons (m.t.) per ha. (1), while the country-wide average may
 

reach 1.4 m.t./ha. (1, 8). While not indicated, it is likely that these data
 

do not represent units of land area fully planted to trees. The average pro

ductivity per tree is difficult to determine from the meager data available,
 

but probably ranges from as little as a few apples to as much as 40 K.o 50 kg.
 

per tree in some cases (1, 11). This low level of productivity represents
 

only 5 to 10% of the average per-tree productive capacity of comparable standard
 

trees (seedling rootstock) in New York.
 

Climate
 

Probably the primary effect of the prevailing climate on tree behavior
 

occurs between the onset and termination of rest and dormancy. The buds of
 

a certain amount of so-called
all deciduous fruit species require exposure to 


"chilling" temperatures during the dormant period in order to properly ini

tiate growth. Effective chilling temperatures fall within the range between
 

approximately 0* to 150C, with the most effective temperatures for breaking
 

rest at about 50C. Because of the lack of pronounced seasonal fluctuaLions
 

in temperatures typical of tropical climatic zones, the problem of insufficient
 

chilling during the dormant period has been encountered wherever temperate fruit
 

crops have been grown in subtropical or tropical regions. The typical symptoms
 

of insufficient chilling can include:
 

a. an extended period of budbreak; 

b. a prolonged period of bloom without the concentration of flowering 

characteristic of more temperate areas; 

c. 	poor overlap of bloom periods of different cultivars based on their
 

individual chilling requirements;
 

d. 	a tendency for reduced branching and delayed foliation in trees of
 

moderate to high vigor;
 

e. 	the death of some buds or their failure to develop.
 

The effects on tree behavior of limited exposure to chilling temperatures result 

in extended harvest seasons, with fruit maturation taking place over a long period. 

The risk of harvesting both overmature and undermatture froit during ary picking 

is greatly increased.
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Other cli[matic effects, particularly the occurrence of frosts, hail,
 

wind, and fog can limit tree growth and/or productivity. Frosts and hail
 

occur from time to time 
In the Q-P region, varying in intens ty and frequency
 

with the mi'r tc limati- variatio" typical of the region. If frequent, these 

-limat ic factor, can limit: productiorn throug,h thp killing of hlossom> and 

young uin by f-o:;t or phy:;ical damage tn leaves and fruit from hail, which 

if se(v er, can afft tree growthi as we11 as promoting disease problems. 

Th ,-P re gion i frequently s t:jecrt to heavy winds from t.enst. Wind 

damage can LiY the form of desiccation and subsequent death of leaf and fruit 

tissues. Wind al.so promotes physi[cal damage of fruit, leading to losses in 

fruit qua.ity and to d i.sease problems. 

Because of the elevation of the Q-P region, cloudy, foggy peLiods are
 

frequent, particulnrly at higher elevations. Such conditions influence the
 

activity of certain pest species, especially of pathogenic fungi, such as 

apple scab, which require the presence of noisture on susceptible tissue
 

surfaces in order to begin growth. Frequnt and extended wet periods increase 

the lik.dihood of infection and complicate the problems of disease control. 

Soil,3s :n Water
 

In tho Q-P region rainfall has been recorded every month of the year (6).
 

However, there are onlly a few months of the year when dependable rainfall (5)
 

exceeds evapotranspirat ion. Unde'- the soil conditions which prevail in the 

region, water stress mav impose significant restraints on tree growth and 

productivity, espec[ally where intercropping within the orchard is a co;mMon
 

practi.ce. Competition for mineral nutrients, especially nitrogen, among
 

orchard trees and iutcrplanted vegetable or agronomic crops is also likely to
 

be significant. 

Orchard Co,"dition and Cultural Practices 

a. Tree growth.
 

'[lie bulk of the trees 
observed in the Q-P region are of relatively low 

vigor. While the reasons for this deficiency in vegetative growth are many, 

It i. lik ely that the mi.jor cause can be attributed to lack of or improper 

fert iii:at ion, lack of irrint ion, and poor disease and insect control. Since 

the Irev; were in the dormant ,ate during the author's vsN.it , no dirvct ob

Nervt'ions of growtin or flowering were possible. Thus, it .isimpossible at
 

http:practi.ce
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this sLage to be more precise in evaluating the actual contribution of any
 

one faitor to the overall poor state of growth and productivity. The typical
 

effects of insufficient chilling in reducing branching were only observed
 

on a few young trees in the Q-P area. This should not be interpreted to
 

on the contrary, delayed budsuggest that lack of chilling is not a problem; 


break, extended bloom, and an extended harvest season all indicate signifi-


In trees of higher vegetative
cant effects from insufficient chilling. 


vigor observed in Ambato, the typical effects of insufficient chilling on
 

It is likely that as cultural practices
vegetative growth were noted. 


improve in the Q-P region, these effects will likewise become more common.
 

the effects of
Little evidence of use of di-nitro products to overcome 


The efficacy of these products in stimulating
lack of chilling was found. 

bud development under low chilling conditions has been known for many years 

(3, 12). One grower in Bayushig reported having used these materials; direct 

he has been able to obtain a betterobservations of his trees indicated that 

tree structure. He also reported stimulation of flower bud growth in spring 

as a consequence of di-nitro application; this treatment results in better 

overlap of bloom among cultivars and an earlier harvest. 

b. Pruning and Training
 

Most orchards in the region display both a deficiency of pruning and 

Little canopy renewal or thinning
almost complete absencc of proper pruning. 


out of branches is practiced. The heavy shade produced by the large number
 

of interwoven branches results in the loss of vigor and flower-bud formation
 

in the lower parts of the canopy. Failure to renew the bearing surface results
 

inevitably in reduced production of poorer-quality fruit.
 

Heading-back of the current season's terminal growth is a common pruning
 

system for deciduous fruit trees in Latin America and was observed in the
 

Ambato area. This practice does not appear to be common in the Q-P area.
 

While this approach may have some limited value in stimulating vegetative
 

growth in trees of low vigor, it is definitely a poor practice under moderate
 

to high vigor conditions. Heading-back tends to stimulate excessive vege

tative growth while reducing productivity.
 

Proper tree training practices appear to be unknown. Failure to practice 

scaffold selection and training on young trees allows the development of the 

typical globular canopy structure, which is inefficient in light absorption 

and which results in fruit production primarily in the ouiter portions of rho,. 
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canopy. Pruning practices observed during the visit promote undesirable 

increases in the height and width of the canopy, thus increasing the diff

iculty in caring for and harvesting the crop. 

c. irrigat:ion and Fertilization 

The majoriLy of apple JOrchirds in the region are unirrigated. This is 

primarily th.' re,. Lilt of lack of available water, but even where water is 

available, orclhard g,aLion not a common practice. Fertilizer programs,irr ri 

where fertiii:.r is uzsed at all, arc basad mairinly on the use of organic 

fertil z(,rs rived arn ; and plant Thec' ramT zKmal waste; composted materials. 

mineral nutrient value of such manter i;s is quite variable, depending upon 

the natur" of the parent materialIs an! the proce:;ses of formation, and is 

therefore unknown. Chemical fertilizers are seldcm used, because of both 

ignorance of the proper methods of use and lack of economic resources to 

pu,'chase such products. Feitilizer practices are not based on an under

standinE of the nutritional needs of trees or an awareness of the current 

nutritional status of the orchard. Observations of tree growth in various 

orchards suggest a prevalence of nitrogen deficiency. Other possible mineral 

nutrient deficiencies or excesses could not be evaluated due to the absence 

of active vegetative growth during the period of the visit. 

Dle to a scarcity of economic resources, fertilizer practices are often 

geared to the needs of the principal vegetable or agronomic intercrop. Hence, 

fertil:izer appl.ication rarely occurs at the time when the need of the trees, 

especially for nitrogen, is greatest, that is, at the onset of budbreak and 

bloom. Even when fertilizer is applied at the proper time, absence of sig

nificant rainfaili may prevent the mineral nutrients themselves from entering 

the soil and becoming available for nptake by the trees. 

Some growers are using only commercialy-prepared foliar fertilizer 

formulations appl . . to the treo, as the sole means of fertilization. This 

approach is; not only eLXL iv( bnL ineffective when such materials are 

applied to dormant trees, as was observed during the visit. Sprays of foliar 

fertilizers applied to leaves without any applications of fertilize- materials 

to thc ;oil can lead to a condition of nitrogen sufficiency in leaves of 

apple trve; with a simuItaneous deficiency of nitrogen in woody tissues. This 

condition can lead to significant: yield loss. 

d. Plant ing Sy; tem;
 

Fruit trees are not usually considered as the principal crop by small
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farmers. Thus it is common to sce orchards in which the trees are distri

buted in a more or less haphazard manner in the orchard area. Where trees 

are planted in rows, a large open space is left between rows to provide space 

for the intorcrop. Some orchards were observed .in which a single apple 

cultivar alone was being grown. It w;as not po.sible to dt.ermino the extent 

to which this practice is followed. A large fraction of the current orchard 

area is made up of older trees. There :is IiLtle new plant:ing or renovation 

of older orchards taking place in the area at the presen time. Lan! use 

efficiency and tota. production may suffer without careful attent,on to 

orchard design. 

e. Pollination
 

Apples , p..ars ulums, and seme peach cut1tivars roquire cross-pollination 

(one cultivar can on 1 v be effectively poi.l:inated by anaother cultivar) to oh

tain proper fruit set and development. When cross-pollination is poor or ab

sent , fruit su Q greatly reduced , and the few fruits whil may develop are 

often undersize or mis;hapea. It is qui 'te proable t it in.uff icient cross

pollination is a serious problem in orchard rductivity in the Q- region. 

No honevbees were ob :rved in any or-h irds vi;ited. Although many peach trees 

were in bloumn %-t this tinhe, the only insect activity obscrVLd anui::. :hem con

sist I of varcions; wild species. Fruit tree: rcqnlire insect activity for 

pollination, and honeybee; are very efficient in pollen transfer, e;pecialLy 

between cultivars. .'bsenco of honeybees f rom orchards durng bloom greatly 

reduces the chances for good cross-pollination, even when other factors are 

favorable. 

Under climatic conditions of reduced chilling, different scion cultivars 

often exhibit distinct peiods of budbreak and bloom. Limited bloom overlap 

iu orchards can be a serious impediment to cross-pollination, due to reduced 

availability of suitable pollen when any one cultivar Is in flower. Etended 

bloom periods also make satisfactory pest control without serious risk of 

significant loss of bees very difficult. Single-cultivar orchards almost 

without exception experience reduced prrductivity due to deficient cross

pollination.
 

'JIhre i.-; little or no understanding of pollination requirements of fruir. 

crops on the part of growers. Many of them believe that honeybees in fact 

induce fruit-set problems. This belief has led to efforts by some growers 
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presence. The origi of this. concept is unclear, but it no doubt will 

represent a signLficnt problem in grower education as a program of improved 

pollination is undert aken. 

1). isea.n and insect Control 

Satisfactory control for the various diseases and pests of apple present 

in the region appears to be almost nonexistent. Although none of the insect 

or fungal. pest p roblems described as being of importance is difficult to con

trol withi modern metlods, the capi. tal investment requirements for equipment 

and material.s and tie almost total N:.k of knowledge of pest life cycles and 

control pr, ctios re;t rict effecti.,e a pplication of -bese techniques. Unco n

t:rolled posts and d.,ases contri bute to poor tree \igor and productivity. 

Fruit quality and storage *11fe are al:;o affected by uncontrolled pest problems. 

.o;t of the orchird trees in the 0-P regi.on carry heavy incrustations of 

lichens and mo:;se.. More tiin anys'thing else the se p.phytes are indicative 

of the total Iach of proper pest control practice:; In other areas where 

pest control pr'actices are more ;eff,_eCtiv,- ly c-r.ri .ad OIt, these organisms do 

not devulop. 'Their tsaN ciauion with tree; of poor vigor has led to the belief 

that they are En so:me v!y connect,."d in a cauzzi; manner with poor tree growth. 

In fact both I chons mid low vigor are indications of poor cultural practices. 

Major pests of the apple in the Q--' region include, but are probably 

not limited to, the foltowing (4): 

1.. I'NUl Psts 

a. Apple scab (Vent.ria ina cualis) 

b. Powdery m[cdew (Podosphaera leucotricha) 

c. Fruit rots and spots (various sp.) 

2. Insect and Mite Pests 

a. Wo0 Ly apple aphi (Erioso:-a lanigera) 

b. Cod l:ing mot-h (Laspevresia poonella) 

c. Fruit worms (various sp.) 

d. M iteas (probably vari otis sp.) 

The timing of rhe visit prevented direct evaluatioa of the distribution and 

severity of these anl other post problems. Interviews with growers suggest 

that many of tLhe., prole msn;are quite serious. 

The principal charactertistics of pest control practices which contribute 

to the overalL.State of pest control previously described include: 
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1. 	A small number of pesticide applications; often only once per
 

year or less;
 

2. 	Inadequate coverage of subceptible tissues, especially in the
 

upper parts of the canopy;
 

3. 	Improper timing of ap-lications in relation to tree and/or pest
 

developmental stages;
 

4. 	Use of improper spray materials or incorrect dosages.
 

Growers depend largely on hand-operated spray equipment for their chem

ical control programs. Effective coverage of leaf and fruit surlaces with
 

such equipment is seriously limited by tree hei ht and spread and by the vol

umes of spray material required to properly spray an orchard, Effectiveness 

of orchard pest control pronrams could be increa;ed significantly with the use 

of improved spray equipment, such as small, motoried back-pack sproyer:. 

Improved orchard mangumenv practices, which maintai:Ln the p'rothuctive canopy 

nearer the ground, help develop a muore open an'opy" to faci litate penetration 

of applied spray materials. Tree size control with appropriate rootstock,; 

would also serve to improve the efficiency of oun pest control program. 

A 1972 crop protection survey rrpor d the occurrence of many phyto

pathogenic nematode species on numerous crops gro'.wn in the Ecuadorian high

lands (4). While no surveys hive been made of pathogenic nematodes on apples 

in Ecuador, such problems may be signific.ipt, and may become especially visible 

if orchard replanting.becomes more co=non. 

g. 	Harvesting, Handling and StoragLe
 

None of these activities was observed during the visit to Ecuador. 

Nonetheless, certain observations can be made about this aspect of fruit 

production. Extended bloom periods caused largely,by problems of insufficient 

chilling result in an extended harvest period, generally beginning in February 

and running into or throuqh May. The risk of nonselective harvest of both 

mature and immature fruit is increased, thus affecting final product quality 

and appearance. Transport of perishable cummodi.ti,.:s such as fresh fruit is 

difficult over the steep silopes and poor roads claracteristic or the area. 

Lack of storage fMcilities dictates immediate movument of harve;ted fruit to 

market. The majority of growers nas; little opportunity to take a(v;tna.ge of 

improved prices much later in the season, and localy-grown d.cidnuos fruit 

in general remains a very .easonal commodity. Opportunities fore loss of qual

ity and attractivenem; bet.,,een harvest and t!h. cn:0qum;C ar nmT:Pernt';. 

http:a(v;tna.ge


While little data are available, reports of growers in the Ambato area
 

indicate that the demand for deciduous fruit far outstrips the supply. A
 

ready market is avail-able if fruit product can be brought to the market in 

saea.cble ccindi iton.
 

h. Stin and Root;tock Cuit ivars
 

The principal epple cultivar in the Q-1' region is 'Emilia', reportedly
 

introduced from the province of TtnArahua. Other common cultivars include
 

'Balsosa ', ['ortera' or 'Pasposa', 'Carmelita', 'Rayada'and 'Flor de Mayo'. 

The origin of the;e cutlivars is unclear, but at least some of them may 

represent :introductions orjr'iln i for rootstock uses, Other cultivars of 

more or less common occurrence include 'Jonathan', 'Home Beauty', 'Winter 

Banana' and various st.rains of Deil;OU'. Root.stocks ar. represented by 

a large number of genetically distinct types; seedlings as wel. as vege

tatively propagated material:; have been used. There is little evidence of 

the use of size-conLrolling rootstocks althougrh clonalI material of various 

size-controlling rootstock cultivrs has been introduced into Ecuador at
 

various times (10). Rootstock cultivar identity is almost impossible to 

assure at this point in time.
 

i. Nursery Operations
 

Host fruit tree nurseries in the country are under the control of MAG
 

(7). Propagation of apple trees as well as of all deciduous fruit trees in
 

HrAG nurseries appears to lag far behind demand. Because of unstable seed 

sources for rootistock use, apple tree production has been shifted from the
 

use of seedling rootstocks to the use of rootstock suckers sold to nurseries
 

by apple growers. While this product serves as another source of income to
 

growers, it is an unreliable source of rootstocks for the nursery, making it
 

more difficult to plan an organized tree--prepagaLion progra., In addition it
 

tends to foster sitboptiTmrm production practices in that apple suckers, when
 

allowed to develop, serve both to divert tree vigor from the scion cuttivar
 

and as an exce!.lent host for diseases and pests. 

Hethods of propagation in the nursery are tine-consuming and inefficient 

Where the clef graft is used as the preferred propagation method, one propa

got or canl yr/It between 200 and 250 tree:s per day. In cont-rast, with modern 

biidd i.ng tec[itPs a skilled fruit-tree propagttor in the Untted States can 

pnqilv h,,v into iv,, timp .ig m;,nv trpp,; nor do v. bMrhods of root stork rnl
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initiation of rootstock development and the final product ready for sale to
 

the fruit grower. The use of improved methods of rootstock cultivation and
 

propagation should materially shorten the nursery period, thereby facilitating
 

a significant improvement in nursery production of crees.
 

j. Markvt ing 

Availability of marketing options to small farmers in the Q-P'region
 

is restricted by both economic and legal factors. Few growers have the 

economic means 'o own vehicles and equipment suitable for the timely and
 

efficient handling and transport of fruit crops to market. Fee; and permits 

at restrictive costs to smll farmers must be paid or obtained to pactici

pate in direct producr-to-consumer marketing, in towns such a; Riobamha. 

The fee and permit: structure does not allow adjust ments for short-term sea

sonal sales or s::all volumes of produce. For access to l.arger markot. the 

snail farmers rely principal!ly on intermediar , who purchase fruit from 

growers and in turn transport and market tho fruit elsewhere. The on-farm 

price for fruiC is relatively low in comparison to the potential price at
 

retail in these larger mar!ets. it is not clear how the cooperative struc-


Cure which has devaloa in the Ba .ushi area nas worked toward serving as 

a marketing medium for member growers. Restriction of market alternatives
 

limits the incentive of small farmers to increase their efforts to produce
 

and market more and better fruit,
 

k. Potential Fruit Area
 

Many climatic and edaphic factors influence the suitability of a partic

ular region for fruit ;rowing. The application of specific cultural practices 

can serve to offset certain natural limits such that an otherwise nonadapted 

location can become available for the cultivation of fruit crops. An assess

ment of the potential of any area should take these factors into c'nsideration. 

The dearth of detailed information on soil, and climatic charac teristics 

within the Quimiag-Penipe region make a precise estimate of the potential 

fruit area impossible. Nevertheless, a rough estimate of the possibilities 

can be obtained from the following analysis. 

Climatic and soil factors of major ;ignificance in the suitLabil.ity of 

a locality for fruit growing include rainfall, the quantity of ct, illing 

temperatures, occurrence of frncvt and hail, exposure to wind, s iL.d(lpth, 

soil drainage, hard-pan if present , soil water-holding capaeri ty, and fer

tility. Some of these limits; can be overcome with cultu,;rl tIr: io ,..;. 
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irrigation can be used to offset insufficient rainfall or low soil water

holding capacity. Use of di-nitro sprays can substitute for insufficient 

chilling temperatures. Fertilization can overcome low natural soil fertil

ity. 'lechuiques for moderating the effects of soil drainage, wind damage, 

and frot are ,avaii.lable. 

While some of these approaches are obviously too expensive for consider

at ion by .nma; l farmers thiemselve;, it should be clear that any evaluation of 

the fruit--producir ptential of an area should take such factors into account. 

The Ecuadorian Ins t itut e of Water Resources ([NERHiI) ha s planned a system of 

irr igat ion canal; for the Q-l" region. When this project is completed it will 

certainly re;L t hoth in improved crop production as well us the opportunity 

to eii . t ivate0 crop; on otherwise unsui.table soils. Almost certainly, fruit 

crops will. bhe affected by this development. 

A country-wide survey of poteutial, crop areas for 15 fruit and 1.2 

vegetable crop; was compltetd in 1975 (9). In ths survey climatic and soil 

limit s esta blished for the v,ariou, crops were_ used to define the potentially 

available land area tvst iMated to be suitble for ngricu]1tural1 development, 

It was estimated that in Ecuador rnere are appro::i:mately 700,0{0 ha. suitable 

for the cultivation of deciduou s fruit crop-;. In one irri pation project in 

Chimborazo Province (Location unspecified in thIis same report) almost 9000 ha. 

were identified as suitable for deciduous fruits. Considering the conserva

tive climatic and ed aphic limits used in this study, it would appear that the 

potential area for fruit crops in Ecuador and in Chimborazo Province may 

be quite extensive. 

Econonic Factors 

a. 'Technical Assistance 

At this time no organized form of technical assistance for fruit growers 

exists in the Q-P region. Ecuador has no formally-sponsored applied research 
programl in deciduous fruit growing, although one is being planned under the 

(Iirection of the National Institut e for Agricultural Research (iNIAP), 

Univers;ity agriculturaL t:ra ining programs offer only the standard broad range 

of agricultural topics without the special i.ation necessary to provide 

offftc'tvy service to an industry in dire need of technological assistance. 

Without hotLh an organized research program to adapt current technology to the 

needs; of small farmers and an effective training program to prepare the 
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specialists nccessary co conduct research and d iss.emina to that informat ion, 

iniprovements in fruit productic- should remain slight. Such an effort willl 

require people. trainod at tihe advanced-degree I eve]. to carry out. tt, ,nectes,;ary 

re.-,earch ,,.ell as ponpie we .1-ver-sd [11tree behavio1, aLl Clultrl pr1)

tices of fruit groiac to issi;t tarmers ii improvins culturil prct irCts 

b. Lconoa.r 1,i/:t rat tons 

The smal 1 farIMers who cons t I tue the t a rge t group of th1i, rurS l deve I

opment prcj oct o r.It _ a lr:o.;t exclusiveyIV' subs Lstonce L's of ve rV
a fa Fet, 


limited meant;. Many of them must spend a portiou ot the yealr working; in
 

employment outsi do the area in order to supplement their inCme-. Sone of
 

tile problems of orchard management discussed ihere can le traced directly
 

to the limited resources of the .;:-aL1 farmer, and inturostitug stratogies
 

have been developed by them in an effort to coIpromise pe rceived needs
 

for cultural inputs with the lim-Hts in'posed by avatlaOhle capsLa. The
 

best illustration of the rimac t of limited rsiLro(s o or,'hard r:1.ma-geIont 

techl"olo'y Can be chserved in the pest control. pma;. tnd-opurates 

hydraulic spray equipment and a wide variety of agricultura! ch.mtia s are 

readily avallable to fruit growers in the Q-1 re,gion. Yr t the effort ive 

use of chemical pest: control! on apples appears to be aI:io "ot none-: i.steut, 

For instance, growers were observed in the process of makling a ,:ittg5,e annial 

spnay application which wm.; composed of a mixttre of several ch,.'cal rnfltterials, 

including insecticides, fungicidus, and even a foliar for til :-:K-'. For 13"C!" 

growers such an application, thoug;h largely inet'ective, would represent 

their total available capital investment in pest control for the venr. in 

interviews with growers, the point was repeatedlv made thaLt many of them 

simply did not have the means to purchase smuch mterials for u:;e in thesir 

orcirircs, niot .,with -;tanding whether or not tiev had sufficienon t 1a",;; edge to 

use them effectively. A similar argume,nt app]-i.es to the use of nrherui cal 

fertilizer:; and other technology. In order for improved orchi-d management 

practices to become m.)re widely employed by small farmer!;, uffor-ive tec h

nology must be duveloped or adapted to thuir needs, and their abilit-y to 

purchase that tenology ma;t be improved. 

c. Goverromen t-Snpported Farm Cr edit Prog rams,
 

Formal production credit i:; avail;i, , to ;ua]ll farmers tLhrou,,h prograt:;
 

such 	 as that of the NatLional ProdtiCt.iou Bank (Bhanco Naaional do Fomerito). 

-These credit programs suffer from pror-h,diral features which eii! 1( di.;

http:app]-i.es
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courage their use by small farmers. The delay between the time of applica
tion and final receipt of the loan can be excessive. For a fruit grower,
 
who must carry ot his program of cultura] practices according to a schedule 
establi ;hte by n.tire, the timely receipt of a loan may be essential to the
 
proper 
 {ondtte of the orchard operation. The amount of paperwork required
 
to ompl e a credit applicatlion consti tt:es 
a barrier to persons unfamiliar
 
with bureaucrat ic prceduru. and 
 located at considerable di:;tanc: from the
 
various off icas where the:, transiction 
 Wt. plac;*. The timp required to
 
comp]ete the application pro es:s my,reptres;ent a sirnif,. 
 eant ]oss to an in
dividual occupid wi'h the sustenan: o hi:.set and his fanm ly. For 
 instance, 
to qual ify for redit the s:':1. farmer ur; itow official title to his land. 
Yet land:; are w r,'sn disntribted non heirs of a frer without benefit of
 
legal documentat ion. Various parmits and t 
 iL es are a nece.ssary part of the
 
cred it loan provs:;s; 
 some effort has been started b the Government to
 
facil Itate the acqii:Ltion of neces;ary documents and these efforts should
 
be increased. It is such proble:s: as those ontli ned abovc 
 which reduce
 
interest aumong n:itl.I farmers in formal credit 
programs, and force them to
 
use the inforial street creedit 
 re.:. Iiv available fron loan sharks, but for 

short terms and at exorbitant interest rates. 

H.,\; has proposed a credit pron-, r,: o Ion if-ter., low interest loans for 
orchard renovation and replanUg (2). In this project, which is currently 
awaiting approva l, the deficiency in technical assistance availabl.e to 
growers in the are-a is recognIzaed and plans have been included to rectify 
the problem. Such activities specifically shaped to the needs of the inten

ded recipients should be encouraged. 

SURARY 

The fundamental cause of the low productivity of apple orchards in 
the Q-P rogion can be attributted to the almost total lack of application of 
proper orchard management practices during the life of an orchard. Although 
the curruntly popular seion cult:ivars and rootstocks as well as the nature 
of tit e nv ironimeiit add theeir own dimensions to the problems of production, 
the 1ack of sni; tab Le orchard management technology is still the major limit
ing factor. 
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As long as orchard management practices are not improved, productivity 

will remain low. Little change in fruit quality can be expected. Changes 

in scion cult ivarst, Or root.stock.,will not overcome the dominWait influence of 

poor orchard t :. product ion canpr-c t ic iiCa:;2: od11 ;t inrea:;e: be 

expccted -is nrov,;IItr -; c:r aIS; I p.t contro 1. hoIt.i ,;tcCin rIt fert iI i ;,it ion, 

prlnii, planttS L :;: 'c1 dez io, and irr:iAaL:iotn are lea 1. r1 d. "Much Ot the 

t0eciolo ncsc:'rv to prove production i lradv ,vii lb 	 Ic; t1e Mlaj or
 

t o the crnd i.-


F 

'.Ii',ve o 

t ions of Ecu:do : Ind th!e needs and economic I .li ofi sLai 1 fa t., res. This 

process will requ ire a pp Lied research to idCn t 11y thoe cul trU 1 prac t ice 

de icieucies with :ajor impact on production and to ad:apt or dc-vlop low-cost 

technology to o'cvrceme them., The succe. _s of such program:-; iii increasing 

product ivi t:v will alSo dependor,offect ive transm ission of this infor:mition 

to growers and the av:lilability of rmarketin,:; and credit s L.rucr:toS which 

can help create the incentive to use it. 

diffi.culti:-; rt':: n:'n cIdaptaion this techne lo-' 

RECO.HMIENDATION S 

Technologv
 

1. Development of a stronger apple and overall deciduous fruit indus

try in the Q-P region as well as in the rest of Ecuador will 	 he 

impossible without a strong program of research oriented t ow:rd 

adaptation and development or orchard technlog.,' do:signd for 

small farming s,. tens. el i:t.nce on imported technolo.vy nlone will 

not provide the answers to many of the specific problem, to be 

overcome. 

2. INIAP has recently received support funds to initiate a research 

program in fruit and vegetable crop:s. Cooperative efforts on the 

part of MA(', and any other agences:-; involved in regional divelop

ment should be started with INIAP to entAbli.;h line.t; of comiluni

cation with the personnel respor ;ible for thti; progrin , to confer 

on research needs, arid to develop relev;nt reE-;sea:rch prorams;. 

3. 	 Where possible, cooperat ive re.ne;rch witL growers .hotl]d be 

encouraged . ThIi:i ; a pp co;ch a 1. 1 ow t lie ev I uat i ou of pracC'L t (!s 

under grower conditions, at th, rsainr- t ime dtve] iPi he Iiroct: 

growerc ont act whichi foctur; 1-he cred ibiiity of Lh , lagave rnmion 

http:technolo.vy
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agencies involved. Research programs should both explore the full
 

potential for deciduous fruit productiun under the conditions found
 

in the production area and develop reconmnndations suitable for
 

small farmers of limited financial mean;.
 

4. Pressure from responsible agr.uciez hnu;ld he applied to st:imulate 

progress on development:; snch as the proposed irr iPation project 

of INEPHI. levelopment of rcst.: rch data on treep performance (see 

next section) car ho of rpPar value i. justifying the needs for and 

thre benef i.t:-; h. (berivedto from such dovelopmens.. 

5. 	A suggesated programa of i::portant researchable problem areas is
 

out:lined below:
 

a. 	 Short-term Res arch (1-5 years)
 

1. Effects of irrigation and fertilization starting before
 

bloom on tree growth, b2oom pe-riod, fruit set, fruit growth,
 

and fruit quaty.
 

2. 	Effect:; of rest-hre:aking spray treatments alone and in
 

combination A-it water andc! fertili zer management techniques for
 

overcoming lack of chill ing and stimulat ing budbreak.
 

3. Survey of orchards to identify and determine the exten,. 

of mineral nutrient deficienc.iev and excesses i.n apple trees, 

A foliar analvsts service for fertilizer recommendations to 

growers ult imate ly could be developed as part of such a program. 

4. Effects of improved training and prning methods on stimu

lation of branching, development of better tree structure, 

encouragement of flowering and fruiting, and renewal of bearing 

wood. 
5. 	Effects of improved cross-pollination on fruit set, fruit
 

size, fruit shape, and fruit quality.
 

6. Entomological and phytopatholorical surveys to identify 

the pri nc ipal post probl ems of apples, detenrine their life 

eyc les uder prova linm c :LMtI c oLnditions, and develop 

rommindat ion; for control. 

7. Improved proccdurcs for propagation and growth of root

stocls and improv'ment:s, in methods for propagating scion cul

tivars to increase nursery productivity,
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8. Studies of fruit development and maturity, and indices to 

aid in harvesting only properly mature fruit at any one picking. 

9. Effective and economical fruit handling method; which maxi

mize preservat ion of fru it quality from harvest to fiml sal.t 

to the consumer. 

10. 	 Management srrategies for intercropping systems which 

minimize detrimental effects on fruit tree growth and develop

ment. 

b. 	 Long-term Research (longer than 5 years) 

1. 	 Evaluate local and introduccd scion cultivars for adaptation, 

product vi ty, and fruit quality attributed of value to the apple 

industry of the area. Trials of seccted cu.tivars fro:m low

chilling brccdine program:s in other parts of rhe world .should 

be initiaced. 

2. 	 Evaluate locaL i'.-i:su rootstocks for superi'r t'pos. 

Comparati e trials of "all gt Nailin -Mrton, seedling,, and 

other apple roon:c,.' should A started to evaluate their 

performance under 'I:d prae t ice c nd itions.ron.r, culral 

3. Studies of Foil conservationi practices designed to miniimze 

erosion and improv soil s tructure, fert.ility, and water

holding capacity. 

4. Evaluation of pianting systems which rcc-itize -. ]d 

area for crops whil opt imizing the relation between fruit trees 

and interplanted basic crops. Develop cultivar in termixtture 

recormmendations which favor cross-pollinat ion and maximize 

returns to tie ;rower. 

c. 	 A breeding program for development of new cultivars should not 

be initiated at this time. Local selections, cultLvars 

presently available in Ecuador or elsewhere, and selections from 

other breeding programs :hould provide a wealth of scion and 

rootstock cultivar s for testing inder Ecnadorian conditions. 

The resources required for a breeding program are large and 

results require many years. .pec ific bredinig program; for Iow

chilling cultivwrs hav, We;: or are iN way inS ;,avi] 

locations, such as Israel., Florida, Texas, and Cali.fWrn a. 
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Education 

1. 	 For a fruit production improvement program to be successful in 

the Q-P area, a long-term commitment of personnel in both research 

and extension roles iV necessary. Such positions should be estab

lished at a level at wiich the responsibilities and remuneration 

attract individuals competent to pr prly carry out those respon

sibilities. At the outset it will be very important to provide 

specialized training to a nuclems of one or two people in MAG who 
can then begin to carry out extension duties as well as provide 

contact and coordinat ion with INIAP research programs as they are 

developed. 

2. 	 There is a strong need for improved training for NAC personnel 

currently involved in various activities related to fruit growing. 

The typical lack of specialization in agricultural programs at 

the college level mikes it difficult to prepare people for the kinds 

of respons ibi lit ies involved in carrying out spec i fic programs 

as outlined here. The possibilitv shiould be e:plored of a cooper

at ive arrangement with the Agricultutral Faculty of the 'olytechnic 

College of Chimbora:o (Escuela Superior Po]itecnica de Chimborazo), 

in which students Interested in the area of fruit crops might 

carry ou1t their thesis. research work on practical problems related 

to fruit culture in rhe region. In this manner much of the initial 

basic rotarch work recommended in this report could be carried 

out by students. A trained pomologist should be available to 

assist in helping to structure thesis programs and evaluate the 

results. This approach has several possible advantages: 

a. 	 With sufficient studemt interest it would be possible to develop 

several projects covering the major areas of need in a reason

ably short period of time. 

b. 	 Initial research resul ts could be obtained at relatively low 

cost withi Ecuadorian students, working in conjunction with MAG 

personnm,] assigned to such a program. 'Transportation to the 

fruit area would not represent a serious problem if the current 

level of MAG-iICA transportaticn support is maintained. 

c. This approachi would provide an opportunity to help identify 

and train individuals who might ghow promise for future 
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specialization in fruit research and/or et ension work, 

d. It would give students a direct exposurc to the problems of
 

small farming systems through conducting their research work
 

in the area with iscal fruit gtrowers.
 

e. It would provide an opportunity to stimulate development of 

greatcr 	depth in the fruit train I g program at the school 

effort s of the school and varics Ecuadorianthrough cooperative 


agencies, as wellI an 1TCA and Cornell,
 

f. 	The research plots d ,veloped under this program vouLd also 

an extension program to demonstrate improvedserve as part of 


techniques in orchard management to growers.
 

Resources
 

1. 	Improvements in orchard technology will only have signif.icant 

impact on production if the economic resources of farme is pennit 

their use. Since improved technology is unavoidably more expensive 

where cultural practices are almost totally lacking, efforts should 

be r ade to improve thne farers;' ability to purchase that technology. 

-
2. Credit programs designed for dod.:, .on, fruit crops should be long. 

term, low-interest-rate loans to Kinnimizo the accumula ion of debts 

by small farmers. Long-term loans; are neeucd to ta : into "i,:coint 

the time required from planting or the start of orcha:d rcue:. ion 

until commercial production begins or re;umes. For new :,rchard 

yars in length
plantings a credit plan of no less than seven 


term should be at
should be established; for orchard renovation the 

least five years, due to the difficulty generally encountered in 

trees. Because satisfactory orchardsuccessfully renovating old 

renovation is often difficult to achieve, any credit loan for orchard 

renovation should include a stipulated percentage specifica lly 

designated for investment in replanting a portion of the orchard.
 

In this manner replanting of orchards can b s timulated. 

3. 	The involved procedures and inherent delays in the credit-granting 

process should be reduced as much as possible to fac:i 1.iat rcce;s; 

by small farmers unfamiliar with bureaucracy, Easier access to 

credit also can facilitate the planning of an expanded program of
 

improved cultural practices.
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4. Efforts should be undertaken to 
evaluate the current structure and
 
operating effectiveness of the fruit-grower cooperative in Bayushig.
 

The operating strategy of Ecuadorian agencies involved in rural
 
credit and development is such that functional grower cooperatives
 
can facilitate procurement of financial assistance 
(See reference
 
2). 
 Formation should be encouraged of cooperatives which have the
 
structure and support necessary to 
serve not only in matters related
 
to production, but as 
agents for member growers with regard 
to
 
problems of financial aid, land 
tenure and documentation, etc.
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