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ABSTRACT

Survey was conductedn Benguet and Baguidn 2007 to 2010 where initial
characterization and interviews to chayote farmers were done. Also, chayote fruit seeds were
collected and brought to BPI experimental farm for planting. There were 10 accessions
maintained, characterized and evaluated.

There were 92.20 hectares chayote farms surveyed. Accession BPI Chl and BPI Ch 4
significantly produced higher marketable yields of 363.49 and 250.72 kg/hill/lyr, respectively
which could be attributed to heavier frweights and low virus disease rating. BPI Ch2 and 3
had also low virus disease ratings and intermediate fruit weights resulting to intermediate
marketable yields (125.20 and 150.66 kg/hill/yr).

All accessions except BPI Ch2 and 9 had low total soluble solids (4.90 t6B5iSR
All accessions had high moisture contents; minimal ash, crude protein (0.38 to 0.56%), crude
fat (0.01 to 0.19%), carbohydrates (3.76 to 4.96 %) and calcium (negligiblé2%). Higher
iron content was recorded on BPI Ch6 (12.78%) followed by BPI Chl (7.02%) and others
ranged from 0.23 to 5.65%. On the other hand, BPI Chl, 6 and 9 have dense and sparse spines,
respectively, on entire fruit. BPI Ch 2, 3, 5 and 8 hgparse spines at apex and bottom and
BPI Ch4, 7 and 10 have none to sparse spines with smooth skin.

Diversity analysis revealed variability on the morphological characters within the
accessions. Variations on quantitative characters were higherdamdpmeter, fruit weight,
sprouting depth, area per leaf, days to flowering and equatorial diameter. On qualitative
characters, higher variation was noted on spine distribution and spine density. Cluster analysis
grouped the accessions into four clustevhere one or more characters are associated with
accessions forming a cluster.

1/ Agriculturist Il and Agriculturist I, Baguio National Crop Research, Development and Production Support
Center, Guisad, Baguio City



RATIONALE

Chayote $echium edul¢Jacq.) Sw.)s a perennial monoecious climber belonging to
t he Cucurbitaceae family. I't has been known
and Mt. Province in backyards but for decades ago was grown commercially in swidden farm
The fruits and shoots are used for human and animal consumption while the vines are for
manufacturing baskets and hats due to its flexibility and strength (Bermejo and Leon, 1994).

The edible parts of the crop have lower fiber, protein and vitawmteats than other
plants. However, calories and carbohydrate contents are high, chiefly in the young stems, roots
and seeds, while the micronutrients and macronutrients supplied by the fruit are adequate
(Saade, 2001). Several products like kimchi, wirges, cakes, pickles and candies are also
produced from chayote fruits. The same author stated that infusion of fruit is used to alleviate
urine retention. The cardiovascular properties of the infusion of leaves have been tested in
modern studies, wha their great effectiveness in curing kidney stones has been known since
colonial times in the Yucatan peninsula, where these ailments are very common.

The region has a total production area of 925 hectares with a production volume of
45,564.14 MT (BA, 2010) and about 2000 chayote farmers (Personal Interviews). Benguet
province the major commercial producer has the biggest production area of 892 hectares with a
total production of 45,122.91 MT, and a production yield of 50 tons/ha.

Earlier, BAS (201) stated that there has been a yearly decline in areas planted to
chayote in the Cordillera from 852 to 791 hectares from 1997 to 2000 resudtitige
decreasing volume of production in Benguet from 25,084,000 MT (1997) that fell to
22,022,608 MT (1999) However,otherssuspected thaté decline was mainly due to virus
infection. According to Agrios (1997) a viral disease cause stunting and reduced yield, and
Singh (1973) as cited by Ligat (1983) mentioned that light, cool teyserand high moister
makes avirus disease appear symptomlesin 2004 Ligatmentioned that virus disease
almost wiped out the chayote plantation in the Cordillera regita found that the occurrence
of the disease in Bakun, Buguias, Kabayan, Kibungan and Mankayaovinéal mild infection
while mild to moderate infection in other municipalities of Bengu€his resultedn a 75%
decline in production yield and shorter growing periafdchayotein Sto. Nino, Tublay,
Benguet in 200{Tamange, 2008. Further, atest stdy by Bilog (2011)revealed that chayote
mosaic tymovirus (CMTV) at selected sites in Pual, Atok, Benguet was noted with 74.50 to
86.75 % disease severdynd 75 to 88.75% incidence butdergreenhouse experiment, the use
of rice bean Yigna umbellata as indicator plant for chayote mosaic tymovirus showed a
disease severity of 30.75 to 48.75 % and incidence of 51.25 to 78.75 %

Earlierit wascitedthat there are eight wild species existing in Central America (Tindal,
1983) but the closest relatives of the cultivaBsthium edulareS. compositurandS. hintonii
whose distribution is in Mexico and Guatemé®ermejo and Leon, 1994Moreover thdater
author stressed that few cultivated species display a great diversity of shapes, sizes, etc. in the
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fruit but this diversity has made it difficult to define cultivars but when referring to types itis in
connection with local races or variants.

According to personal interviews (2008 to 2010), chayote farmers prefer those strains
with high fruit yield with few spines to spineless for fruit production for easy handling during
harvesting and packaging, as well as due to the demand of the local market.

Therefore, there is a need to characterize the presently cultivated chayote to know the
diversity; and a need to select for good strains that could mitigate not only the virus disease
problem but as well as other pests and the effects of climate ch&ngber, good strains are
important inputs for valuable genetic resources.

Since chayote also plays an important role as food supply in the regional and national
levels especially during calamities, and its production in sustainable farming, thereed #or
study and promotion. More efforts should also be done to exploit the crop for there is much
supply in some periods of the year. Moreover, the result of this study will serve as baseline
data for researchers, funding agencies, entrepreneurstteerd.

OBJECTIVES

1. Survey, collect and characterize the different chayote strains in the highlands.
2. Evaluate the growth and yield performance of the different chayote accessions.
3. Determine the diversity and relationships among chayote accessions.

METHODOLOGY
A. Survey

A survey was conducted in the main growing areas (Atok, Kapanghaongan,La
Trinidad, Tuba, Tublay and Baguio) where observations on the different sites and initial
characterization were done. Further, 57 chayote farmers were interviewed on their cultural
practices and indigenous knowledge.

B. Collection

Passport data for each accession wga¢hered. Each accession was properly
collected, labeled and brought to BBa&guio experimental farm for planting. Based on
morphological observatiorsnd descriptors for bottle gouf@lant Variety Protection Office)
the collection was reduced to 10.



C. Characterization and Evaluation

The accessions were further characterized and evaluated at th&a@io
experimental farm from 2007 to 2010. Characterization was based on the descriptors for bottle
gourd (PVPCO) in the absence of descriptors faayOke. Therefore, a draft of descriptors for
chayote was prepared.

The study was laid out in Randomized Complete Block Design (RCBD) with three
replications. Cultural practices such as watering, fertilizing, cultivating, deleafing of dried and
old leaves, and weeding were employed regularly while plants were not sprayed with any
pesticides during the cropping period.

The data gathered were:
1. Phenology

a. Days to flowering Days were counted from planting until the plants bore flowers.
Two randonty selected sample plants were observed.

b. Days from flowering to harvestinddays were counted from the time of flowering
(mongo size fruit) up to the first harvesting. Harvesting was done when the fruits
reached their full size with soft skin but not yet hard and fibrous. There were 10
randomly selected sample fruits.

2. Leaf characters

a. Area per leaf (ci). Area per leaf was calculated based on the Tracing Technique
Method by Saupe (2006) to determine the ave@ht ratio that compares a paper
replica surface to be measureda standard known area. €igelected leaves from
bottom middle and top portionsf a sample planivere obtained, traced on a coupon
bond, cut out (tracings) and weighed. Average area per leaf was obtained by adding the
leaf areas divided by the number of traced leaves.

Area per leaf (crf) = Weight of leaf tracing (g) X Conversidactor (cnf-g*)

Conversion Factor (cfrg?) = Area of coupon bond (cth
Weight of coupon bond (g)

b. Petiole length (cm)Length of petiole was measured with the use of a foot rule.
c. Leaf shape. Leaf shape was described.



3. Stemand flower characters

a.

b.

Stem colorand furrows Color and presence of furrows of stem were recorded when the
plants started to bear fruit.
Flower color. The color of the flowers was also noted.

4. Fruit characters

a.

oo

@~oo

Marketable and nemarketable yieldkg/hill/yr). During harvesting, sound fruits were
weighed separately from deformed and damaged fruits.

Weight of fruit (g). Ten randomly selected fruits were weighed separately.

Polar and equatorial diameter (cm). Length and width of 10 fruits weasumed using

a caliper.

Peduncle length (cm). Length of fruit peduncle was measured.

Shape. Shape of fruit was based on the description of fruit and other crops.

Furrow. Furrow or ridge of fruits was described whether shallow, intermediate or deep.
Dernsity of spines. Density of spines is based on the rating scale below:

Rating Scale Remarks Description
1 None 0 spines
3 Sparse 1 to 50 spines
5 Intermediate 51 to 99 spines
7 Dense 100 and above

. Distribution ofspines. Presence and location of spines were observed on the fruit of the

different accessions.
Skin and flesh color. The color of the skin and flesh were described.

5. Seed characters

a.

b.

Sprouting depth (cm). Depth where sprout comes out was measaredl0 fruit
samples.

Seed length and width (cm). Ten fruits were sliced longitudinally then seed length and
width were measured.

6. Chemical and nutrient characters

Sample fruits of the accessions were brought to&ila for the followingchemial

and nutrient analyses except TSS.

a.

Qo

Total soluble solid (TSS °Brix). Fruit saps of the accessions were tested through the
use of a hand refractometer.

Moisture content (%and ash content (%)

Crude protein (%and cude fat (%)

Carbohydrates (%Calcium (%)andIron (%)



7. Response to insect pests and diseases

a. Insect infestation was rated using the modified rating scale on leaf miner (Leaf Miner
Taskforce).

Rating Scale Insect Infestation

No infestation

1-25 % leaves infested
26-50 % leaves infested
51- 75 % leaves infested
76-100 % leaves infested

O©O~NO1TWeEk

c. Disease severity was rated using the modified rating scale on diseases.

Rating Scale Disease infection

No infection

1-25 % leaves infected
26-50 % leaves infected
51-75 % leaves infected
76-100% leaves infected

O ~NO1TWEF

Data Analysis

All data were analyzed through Analysis of Variance (ANOVA) for Randomized
Compl ete Block Design (RCBD) and the lsignif
Range Test (DMRT).Cluster analysis was done through STATA program to compute for the
matrix distance using Euclidean Distance Coefficient, and diversity analysis to estimate the
variability for a character using the standardized Shaieaver Divergy Index (H).

H* = ? pi (log pi)/log, n
Where: pi = frequency of proportion of each descriptor state
n = number of states

Further, biplot analysis was done to show the association of charastdraccessiorte form
clusters



RESULTS AND DISCUSSIONS
A. Survey

Backgroundof themain growing ares About92.20hectares 0.0 % of the total area
devoted to chayote were surveyed in the main growing areas namely: Atok particularly
barangay<aguiing, Kaliking, Topdac, Poblacion and PasdoKgpangan in barangay Beling
Belis; Kibungan in barangays Sagpat, Sapdaan, Sadle, Sablan and Roblacion, Tuba;
Tublay in barangays Caponga, Ambasador, Sto. Nino, Baayan, Palew and Daclan; La Trinidad
specifically in Bening; and Baguio in baraygaCresencia Village, GuisaBayan Park Sto.
Tomas and IrisaifTable 1 Fig. 1 and 2 Atok and Kibungan which have higher elevations
(1,200 to 1,700masl) have wider areas surveyed with 33 and 25 ha, respectively. This was
followed by Baguio (1350 to 1,600masl) with 15.20 ha themublay (1,20 to 1,250masl)
with 14 ha. Smaller areas were surveyedua (1,300 masl).a Trinidad (1,300masl) and
Kapangan (200 masl) with2.5,1.5 and 1.0 ha, in order.

Observations showed that a chayote farmer dxa average chayote farm of 2,000 to
5,000 square meters. The crop is grown mostly in areas of 25 &lop@s and usually near
creeks taking advantage of the moist and cool environment. Farms near rivers or with
irrigation are evergreen and activelsoducing year round while those with no irrigation are
producing only during rainy months from July to January and left unmaintained during the rest
of the year. Most of the farms have clay loam, silty clay loam to stony soils with pine, alnus
and other drest trees in the surroundings. Further, most of the plantations aresdineahd
very feware under thérees. Some farms grow secondary crops such as taro and squash under
the chayote vines.

Table 1.Area surveyed in the main chayote growing municipalities of Benguet

Municipality | Elevation | Area Barangay
(masl) (Ha.)

Atok 1,2001,600 | 33.00 | Caguiing, Kaliking, Topdac, Poblacion, Pasdong

Kapangan 1,200 1.00 | Beling Belis

Kibungan 1,3001,700 | 25.00 | Sagpat, Sapdaan, Sadle, Sablan, Lobo

La Trinidad | 1,300 1.50 | Bening

Tuba 1,300 2.50 | Poblacion

Tublay 1,200-1,250 | 14.00 | Caponga,Ambasador, Sto. Nino, Baayan, Pa
Daclan

Baguio 1,351,600 | 15.20 | Cresacia Village, Guisad, Aurora Hill, St@omas,
Irisan

TOTAL 92.20
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Profile of the Respondents There werel19 respondergtinterviewedwhich is6% of
chayote farmers in the regip86 from Atok, 2 both from Kapangan and La Trinidad, and 6
both from Kibungan and Tubla{6 from Tuba and 51 from Bagui@,able 3. There were 98
males an®1 females;106 are married and e single. Most of the farmers are middle aged
(64) ranging from 31 to 50 years old, followed by farmers who argears old and above (80
then from 15 to 30 years ol@%). Some chayote farmers in Atokchha Trinidad are from
Kibungan who rent areas for certain period. Some farraéss hire people to help in
deleafing, harvesting and hauling. Each family of the respondents helps one another in doing
all activities in the farm especially during weekemdere there are no classes.

Table 2 Profile of the respondents

Item Atok | Kapa | Kibu La Tuba | Tublay | Baguio | TOTAL
ngan | ngan | Trinidad
Sex-Male 33 2 2 2 13 5 41 98
Female 3 0 4 0 3 1 10 21
StatusSingle | 10 0 2 0 0 0 1 13
Married 26 2 4 2 16 6 50 106
Age-15-30 8 0 4 0 3 0 10 25
3150 18 2 2 2 8 1 31 64
51-> 10 0 0 0 5 5 10 30
No. of
respondents | 36 2 6 2 16 6 51 119
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Cultural Management and Indigenous Knowledge Orfarm

Fruit Seeds Farmersbtain their planting materials from plants free from virus disease
symptoms (curling and yellowing of leaves). They recycle their fruit seeds, exchange or buy
from other chayote farmers since nobody is engaged in plant material production. According to
them, exchange of fruit seeds is between far places is better than near as in other crops for
higher yield and disease tolerance.

Planting. Chayote farmers usually plant two to five fruit seeds per(Rid). 3a)with a
planting distance ranging fromt@ 5 meters between hills.

Staking/Wiring. Galvanized iron wires are used as stakes/trellis provided with wood,
bamboo and tree/shrub stumps as posts to support the chayote vines. Farmers mentioned that
they repair or change the stakes/wires aftier B0 years.

Fertilizer and application. Chayote farmers in all areas apply chicken mariare
basal fertilizer(Fig. 3apnd for side dressingloneabout 25 to 30 sacks/ha (0.5 kg/hidlj
alternately with triple 14r triple 16at about 2 sacks/H&0 grams/hill) monthly or bimonthly
to promote growth and develment of the crop. According farmers, fertilizer application is
frequentif chayote price is high

In Atok, some farmers apply lime before or at planting time to lower the acidgy of
suspected acidic soil, since most farmers do not actually let their soils be analyzed. Others
mentioned that when urea or triple 14 is applied in solution or with wHtsvering and
fruiting areenhanced but when fertilizer is applied not in solutiew shoots arise from the
base. However, some also said that triple 1doimetimesot used since the crop becomes
susceptible to virus disease. Urea is sometimes applied when the soil is dry or when water is
limiting because the fertilizer is fast alblser of moisture. Kibungan farmers sometimes use
organic fertilizers (chicken manure, processed chicken manure) instead of triple 14 because the
later promotes fruiting but the crop has shorter life span.

Irrigation and soil moisture conservation. Irrigation is carried outhrough water
hose, sprinklerand watering cangFig. 3b)  Mulching is employed where fresh, dried or
decomposing weeds are used to cover the base of th€érego@Be). This is to conserve soil
moisture and at the same time seagdertilizer when decomposed.

Crop protection/weeding Spraying of pesticides is not employed. Plants with severe
curling, yellowing (mosaic) and reduced leaves as symptoms of virus disease, are cut back to
produce new shoots; or changed, since through their experience the crop is not capable of
producing atisfactory yield. According to some farmers in Atok the crop can be maintained in
cool areas for 5 to 8 years since occurrence or symptoms of virus disease is not severe as in
warmer places. Further, weeding is done in two months in order not to aittastyFig. ).
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Deleaing. Dried and old yellowing leaves are removed once in every 1 to 3 months to
give way to young and active leaves for light reception and food prodyEimri).

Harvesting. Harvesting is done once a week to obtainrigbt stage (full size with
soft skin and not yet hard and fibrous) of the fruit. Masrketable fruits (deformed, over
mature) are separated and used by farmers as food for dogs and hogs. According to Charlie
Mendoza (2009), a farmer in Atok, a hecteasm produce 2,000 to 4,000 kg (96,000 to 292,000
kg/yr) of sound fruits per harvest given good management.

Postharvest. Marketable fruits are placed in 25 kg polyethylene transparent plastic and
carried manually or by tramline to the road for pick loy vehicles bringing to the local
markets. Farmers mentioned that fruits without or with sparse spines are preferred in La
Trinidad trading post and Hangar market for easy handling and to satisfy the demand of the
buying public.

Fig. 3. Cultural ManagementPractices
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B. Collection

Of the 14strains observediuring the surveys only 10 were accessed and further
chamacterized and evaluated (Tablg 3Pl Chl and 3 were collected from Guisad, Baguio;
BPI Ch2, 6 and 10 were obtained from Cresencia Village, Baguio; while BPI Ch4, 5, 7, 8 and
9 were accessed froto. Nino, Tublay, BenguetThe different accessions have different
shapes, sizes, spine distribution, spine density and depths of furrows.

Table3. Sources of the chayot®llection

Accessions Source
BPI Chl Guisad, Baguio
BPI Ch2 Cresencia Village, Baguio
BPI Ch3 Guisad, Baguio
BPI Ch4 Sto. Nino, Tublay, Benguet
BPI Ch5 Sto. Nino, Tublay, Benguet
BPI1 Ch6 Cresencia Village, Baguio
BPI Ch7 Sto. Nino, Tublay, Benguet
BPI Ch8 Sto. Nino, TublayBenguet
BPI Ch9 Sto. Nino, Tublay, Benguet
BPI1 Ch10 Cresencia Village, Baguio

Distribution of Accessions All accessions except BPI Ch 6 were found in Tulzalag
all accessions except 9 were also located in Baguio (Tahle BPI Ch3, 4 and 10 abound in
Atok and La Trinidagd BPI Chl, 3, 4 and 10 were fouml Kibungan while BPI Chl and 4
were also found in Kapangan. Tuba had BPI Ch 2, 6, 7, 8 and 9. Tissseationshowthat
there are exchanges of planting materials amongtthgote farmers in Benguet.

Table3a. Distribution of the chayote accessions
13



Municipality Accessions Found

Atok BPI Ch3,4 and 10

Kapangan BPI Chl and 4

Kibungan BPI Chl, 3,4 and 10

La Trinidad BPI Ch3, 4 and 10

Tuba BPICh2,6,7,8,9

Tublay BPICh1, 2, 3,4,5,7,8,9, 10
Baguio BPI Chl, 2, 34,6, 7,8and 10

C. Morphological Characterization and Evaluation
Days from planting to flowering

For three successive years, BPI Ch3 was significantly the earliest to bear flowers at 98
days while latest were BRZh2, 5 and 6 with 118 to 119 days (Table 4). Early flowering
were observed on BPI Chl, 4, 7, 8, 9 10 ranging from 107 to 110 days. The time span to bear
fl owers could be due to accessionb6bs characte

Days from flowering to harvesting

BPI Ch10 produced fruits with earliest maturity from flowering at 21 days while BPI
Ch6 was the latest at 31 days, and other accessions matured within 25 to 27 days. These results
were earlier than the findings of Stephens (1994) that the maturity of chayadieut 35 days
from pollination but phenology depends on the microclimatic conditions. Earlier fruit maturity
has faster turn over than late maturing. Observation showed that during rainy season, fruits
grow easily but developing fruits drayf duringstrong rain and windy condition.

Area per leaf

Comparable area per leatre observed on BPI Chl, 2, 3, 4, 5, 6 and 10 ranging from
226.26 to 252.83 chwhile the lowest was BPI Ch8 at 152.92°qffiable 3). Other accessions
had narrower area per leaf ranging from 152.92 to 194.23 ofmea per leaf affects fruit
production, and wider area per leaf may produce higher yield.

Length of petiole

BPI Ch1l to 6 and 9 significantly registered longetigde lengths ranging from 10.59 to
12.07 cm while BPI Ch7, 8 and 10 were shorter at 7.85 to 8.32 cm.

Table 4. Phenology and leaf characters otctieyote accessions
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Accession Days to Days from Area per Petiole Length

Flowering  Flowering to Leaf (cm)
Maturity (cm?)

BPI Chl 108 26° 251.76 12.07

BPI Ch2 118 25° 244.06 11.46

BPI CH3 og 27 241.62 11.58

BPI Ch4 108 27 232.3%° 11.6G

BPI Cb 119 26° 246.1% 11.6C

BPI Ch6 119 31° 226.26° 11.13

BPI Chr 108 25° 194.23° 8.32

BPI CI8 11¢ 26° 152.92 7.88

BPI CH 110 26° 174.35% 10.58

BPI ChLO 107 21¢ 252.83 8.51
CV (%) 0.41 2.04 0.11 6.04

Means with thesame letter in a column are not signifidgnlifferent at 5% level DMRT.

Marketable yield

Based on a three year data, BPI Ch1l consistently produced the highest markdthble yie
of 363.49 kg/hill/lyear (3214 t/halyr) followed by BPI Ch4 with 250.72g/hill/lyr or 22564
t/halyr (Table 5). This could be attributed to wider area per leaf, bigger and heavietfiaits
to triplet fruit and prolific characteristics of the accessions. Intermediate marketable yields
were also consistently recorded o®IBCh2, 3, 7 and 10 ranging froml143 to 166.19
kg/hilllyr (10028 to 149571 tonghalyr). BPI Ch5 was the lowest at 60.25 kg/hill/lyr. BPI
Ch6, 8 and 9 produced lower marketable yields ranging from 83.54 to 103.21 kg/hill/yr. The
high marketable yiekl obtained from accessions 4 and 1 were higher compared with
production yields by a farmer Charlie Mendoza in Atok witb0® to 4,000 kg/ha/harvest
(96.00 to 29200tonghalyr).

Non-marketable yield

There were no significant differences observed lm nonmarketable yield ranging
from 1.47 to 2.57 kg/hill/yr.

Weight per fruit
BPI Ch4 repeatedly produced the heaviest fruit weight at 448.39g while the lowest was

noted from accession 9 with 240.77g. Intermediate fruit weights ranging from 286.73 to
356.58g were obtained from BPI Chl to 3, 5 to 8 and 10. Heavy fruits could be due to
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accessionsO6 characteristics and higher pol ar

higher marketable yield.
Polar and equatorial diameter

Longer polaffruit diameters ranging from13.91 to 14.15 cm were significantly observed
from BPI Chl, 4 and 7 while the lowest was taken from BPI Ch2 at 9.65 cm. On the other
hand, wider equatorial diameters at a range of 7.82 to 8.55 cm were taken from BPI Chl, 2, 3
and 5 while the lowest was from BPI Ch9 at 6.56 cm. Longer polar and wider equatorial fruit
diameters contributed to higher fruit weight and marketable yield. Likewise, polar and
equatorial diameters also determine the shape of the fruits.

Peduncle lengh

BPI Chl, 2 and 4 had significantly longer peduncles of 5.14, 4.87 and 4.83 cm, in that
order, while BPI Ch9 was the shortest at 1.92 cm. The longer the peduncle, the fruit is prone to
dropping during strong wind.

Sprouting depth

The deepest sproutirdgpth of 1.94 was taken from BPI Ch 1 while lower depths were
obtained from BPI Ch9 with 0.77 cm. Other accessions had sprouting depths ranging from
0.97 to 1.61 cm. Fruits witkhallow sprouting depthave higher recovery of dae portion.
Likewise, plumules emerge earlier than those fruits with deeper depths when fruits are for seed
purposes.

Table 5. Fruit characters dfdé chayote accessions

Accession Marketable Non- Fruit Polar Equatorial Peduncle Sprouting
Yield marketable  Weight Dia. Dia. (cm) length Depth
(kg/hillfyr) Yield (9) (cm) (cm) (cm)
(kg/hillfyr)

BPICHL  363.49 2.37 340.7% 14.18% 7.8 5.14 1.94
BPICHR2  125.2¢° 1.77 356.58 9.65' 8.41% 4.8F 1.46
BPICH  150.66 2.10 348.8F 11.67 844 3.12°¢ 1.67
BPICWM  250.72 2.03 448.39 14.89 8.55 4.83 1.48
BPI Cib 60.25 1.67 312.8F 12.2% 7.66 3.55 1.32
BPICH  103.2f 2.13 32447 11.93 8.07 3.47 1.47
BPICh7  111.43° 1.90 331.00 13.9F° 744 3.72 1.25°¢
BPI CIB 91.0¢ 1.77 295.33° 13.08 7.26 3.40 1.11°
BPICHO  83.54° 1.47 240.77 11.2% 6.56 1.97 0.97¢
BPICHLO 166.19 2.57 286.73° 10.56 7.47 3.24°¢ 0.77

CV (%) 13.45 6.40 1119 5.11 311 6.89 7.37

Means with the same letter in a column are not significantly different at SY&RT .



Seed length and width

BPI Ch1l, 4, 5, 7 to 10 had longer seed lengths from 3.74 to 4.86 cmB#ieéh3 was
the shortest with 2.91cm (Table 6). There were no differences observed on seed width of the
different accessions from 2.12 to 2.43 cm. Generally, seeds are white, large and flattened.

Table 6. Seed chasters of the chayote accessions

Accession Seed Length Seed Width

(cm) (cm)

BPI Chl 3.87° 2.37

BPI Ch2 3.57 2.43

BPI Ch3 2.91° 2.27

BPI Ch4 4.86 2.41

BPI CHb 3.7F° 2.12

BPI Ch6 3.58 2.14

BPI Ch7 4.68 2.27

BPI CI8 4.36 2.38

BPI CHo 3.74° 2.21

BPI ChL0 3.74° 2.18
CV (%) 6.11 7.63

Means with the same letter in a column aresignificantly different at 5% levdDMRT.

Stem leavesand flowers

All accessions have furrowed and light green stebesaves are flabellate in shape as in
most of the Cucurbitaceae famifyable 7) Further, the plastare nonoeciouswith small
greenish white flowersmaleflowers are clusters in raceme aledhaleflowers aresolitary but
born in the same axils.

Fruit shape
Collected chayote fruits have varying shapes (Talded’ Fig. 4. BPI1 Chl, 5, 7 and 9
have elongated fruits, BPI Ch4 is elongated to i@igngated. BPI Ch2, 3 and 6 are globular

and little bit flat. BPI Ch8 is globular to elongated and BPI Ch10 has globular shape. Fruit
shape and other morphological characteesai nher ent or accessions?©o
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Fruit furrows

BPI Ch1l, 2, 8, 9 and 10 have intermediate furrows while other accessions have shallow
furrows. Fruits with shallow furrows have more recovery of edible portion during peeling than
fruits with deep furrows.

Density and distribution of spines

BPI Chl and 6 have dense spines on entire fruit and BPI Ch9 has also spines on entire
fruit but sparse. BPI Ch2, 3, 5 and 8 have sparse spines at apex and bottom, BPI Ch4 and 10
are spineless to sparsargs, and BPI Ch7 has no spines. The presence and absence of spines
are inherent characteristics of the accessions but are also affected by the environment.
Spineless and sparse spined fruits are preferred by the local markets and consumers for easy
handing.

Skin and flesh olor
There were no significant differences on skin and flesh color which are green and
cream, respectively. Lighter skin color is affected by exposure to sunlight. BPI Ch3, 4, 7 and

10 have smooth skin while the other accessiae rough skin.

FIG. 4. Chayote Accessions
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Table 7. Summary of quantitative characters of the different chayote accessions

Characters Accessions
BPICh1l |[BPICh2 |[BPICh3 |BPICh4 | BPICh5 |BPICh6 |BPICh7 |BPICh8 | BPICh9 | BPI Ch10
Stem color Light Light Light green,| Light green,| Light green,| Light green,| Light green, | Light Light Light
and furrows | green, green, furrowed furrowed furrowed furrowed furrowed green, green, green,
furrowed furrowed furrowed furrowed furrowed
Leafshape flabellate flabellate flabellate flabellate flabellate flabellate flabellate flabellate flabellate flabellate
Flower color | Small, Small, Small, Small, Small, Small, Small, Small, Small, Small,
male male male male male male male male male male
clustersin | clustersin | clustersin | clustersin | clustersin | clustersin | clustersin | clustersin | clustersin | clustersin
raceme, raceme, raceme, raceme, raceme, raceme, raceme, raceme, raceme, raceme,
female female female female female female female female female female
solitary, solitary, solitary, solitary, solitary, solitary, solitary, solitary, solitary, solitary,
greenish greenish greenish greenish greenish greenish greenish greenish greenish greenish
white white white white white white white white white white
Fruits
a. Shape big, Medium Medium, Big, Medium, Medium, Medium, Medium, Small, Small,
elongated | globular, globular, elongated to elongated | globular, elongated | globularto | elongated | elongated
little bit flat | little bit flat | long- little bit flat elongated
elongated
b. Furrows intermediate| intermediate| Shallow, Shallow Shallow Shallow Shallow intermediate| intermediate| Intermediate,
c. Spine Dense Sparse Sparse None to Sparse Dense None Sparse Sparse None to
density sparse Sparse
d. Spine entire Apex and Apex and bottom Apex and entire None Apex and entire Apex and
distribution bottom bottom bottom bottom bottom
e. Skin color| Rough, rough green| smooth smooth rough green| rough green| smooth rough green| rough green| smooth green
green green green green
f. Flesh cream cream cream cream cream cream cream cream cream cream
color
Seedcolor Large Large Large Large Large Large Large Large Large Large
Flattened Flattened flattened flattened flattened flattened flattened flattened flattened flattened
white white white white white white white white white white
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Chemical and nutrient contents

Higher TSS or sweeter fruits were obtained from BPI Chl, 3 to 8 and 10 ranging from
4.90 to 5.82Brix while lower TSS were observed in BPI Ch2 and 9 with 4.57 and°Bi8]
respectively (Table 8). This result contradicts the indigenous knowledge that fruits with spines
are sweeter than spineless fruits.

Moisture contents of fruits were high rangingri 94.26 to 95.46% while ash and
crude protein contents were low which ranged from 0.22 to 0.30% and 0.38 to 0.56%,
respectively. Crude fat contents of BPI Ch6, 4 and 7 were high from 0.15 to 19 % while the
other accessions ranged from 0.01 to 0.06 %lciGm contents were very minimal on BPI Ch
1 to 4, 6 and 10 with 0,02 to 0.12 % while negligible on the rest of the accessions. High iron
content was observed on BPI Ch6 with 12.78% followed by BPI Ch1 with 7.02% then BPI Ch8
with 5.65%, and otheaccesions with 0.23 to 4.98%The chemical and nutrient contents of
the different accessions could be due to their varietal characteristics.

Table 8. Chemical and nutrient analyses of fruits of the chayote accessions

Accession TSS Moisture Ash Crude Crude Carbo- Calcium Iron
(°Brix) (%) (%) Protein Fat hydrates (%) (%)

(%) (%) (%)
BPIChL  4.90° 9426 0.30 043 0.05 4.96 0.06 7.02
BPICR2 457 95.21 0.28 0.42 0.01 4.08 0.08 3.46
BPICIB 5.72 95.08 0.26 0.40 0.01 4.25 0.02 2.64
BPICM 572 95.06 0.22 0.38 0.18 4.16 0.12 4.98
BPICHH  5.8% 9426 0.22 0.38 0.01 3.76 Nil 0.23
BPIC6  5.37 9476 0.28 0.45 0.19 4.32 0.08 12.78
BPICh/ 553 9488 0.22 0.56 0.15 4.19 Nil 3.50
BPICI8  4.97° 9494 022 045 0.02 4.37 Nil 5.65
BPICH 4.82 9426 0.22 0.38 0.01 3.76 Nil 0.23
BPICHIO 5.04" 9546 0.22 0.50 0.06 3.76 0.05 0.23

CV (%) 2.02

Means with the same letter in a column are not significantly different at 5% level DMRT.
Response to insect pests

There were no significant differences on the response of accessions on white flies,
mealy bugs and aphids with feafinfestation (Table @&nd Fig. $. On plant bug, BPI Chl to
4 had no infestation while BPI Ch5 to 10 had ratings of 3 equivalent to 1 to 25 % fruits
infested. Plant bug infestation was observed during the mémthsMarch to May,which
could be favored by the warm temperature ranfiog 14.90 to 24.12C (Table 11).

Table 9. Response of chayote accessions agaajstinsect pests

Accession Whiteflies Mealybugs Aphids Plant bug
rating rating rating rating
BPIChl 1.0 1.0 1.0 1.02
BPI Ch2 1.0 1.0 1.0 1.0%
BPI CH3 1.0 1.0 1.0 1.02
BPI Ch4 1.0 1.0 1.0 1.0%
BPI Ctb 1.0 1.0 1.0 3.0°
BPI Ch6 1.0 1.0 1.0 3.0°
BPI Chr 1.0 1.0 1.0 3.0
BPI CI8 1.0 1.0 1.0 3.0°
BPI CHo 1.0 1.0 1.0 3.0
BPI ChLO 1.0 1.0 1.0 3.0
CV (%) 5.9 6.05 6.5 10.5

Means with the same letter in a column are not significantly different at 5Y®ART .
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Rating scale: 1- no infestation; 3- 1 to 25% leaves/fruit infested; 525 to 50%
leaves/fruit infested; 7 51 to 75% leaves/fruit infested; and-96 to 100% leaves/fruit
infested.

Pl ant I

®

[1
.

Response to diseases

All accessions have no significant differences on powdery mildew and leafspot with no
leaf infection (Table 10). There was no virus disease infection observed during the first and
second year cropping but notable differences were observed on the tmi({@Q%&3) cropping
(Fig. 6). BPI CHhl to 4had lower ratings of 3 or 1 to 25 % leaves infected, BPI Ch5 to 10 had
higher ratings of 5 or 25 to 50 % leaves infected. The virus infection was may be enhanced by
hot condition in March to April with temperatirange of 14.90 to 24.92 and low rainfall in
January to March with 11.51 to 50.95 mm (Table 11). This coincides with the Personal
interviews (2008 and 2010) and site observation that cooler areas such as Topdac in Atok and
Sagpat in Kibungan can maimaheir chayote plantations longer than in warmer places as in
Kapangan, some areas in Tublay and Pasdong, Atok due to virus infection. This was earlier
mentioned by Singh as stated by Ligat (1983) that cool temperature and high moisture make the
virus infection symptomless.

Table 10. Response of the different chayote accessions against diseases

Accession Powdery Mildew Leaf spot Virus Disease
rating rating rating
BPI ChL 1.0 1.0 3.0
BPI CH2 1.0 1.0 3.0
BPI CH3 1.0 1.0 3.0
BPI CH 1.0 1.0 3.0
BPI Ctb 1.0 1.0 5.0°
BPI Ch6 1.0 1.0 5.0°
BPI Chr 1.0 1.0 5.0°
BPI Ci8 1.0 1.0 5.0°
BPI Cho 1.0 1.0 5.0°
BPI ChL0 1.0 1.0 5.0°
CV (%) 12.5

Means with the same letter in a column are not significantly different at 5%bigDVIRT.

Rating scale: 4no infection; 31 to 25% leaves infected:Zb to 50% leaves infected;
7-51 to 75% leaves infected and/8 to 100% leaves infected.
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Diversity Index

Higher diversity indices were computed from quantitative characters compared with
gualitative ones.The computedliversity indices for quantitative characters ranged from 0.47
to 0.80 (Table 11). Polar diameter had the highest variation of 0.80 followed by fruit weight
(0.77), sprouting depth (0.75), area per leaf (0.73), days to flowering (0.72) and equatorial
diameter (0.70). Moderate variation was observed on petiole length, peduncle length, seed
length and width ranging from 0.58 to 0.61 while the least differences were from flowering to
harvesting with 0.47. On the other hand, diversity indices for quadtainaracters ranged
from 0 to 0.40. Stem color and furrows, leaf shape, flower color, skin and flesh color of fruits,
and seed color had no differences (0). Spine distribution had more variation with 0.40 followed
by spine density with 0.27 while the &avariation was obtained from fruit furrow with 0.17.
Texture had variation of 0.18. Diversity indices indicated variations on the different
accessions which are important bases for selection of desirable morphological characteristics.

Table 11.Diversity index (H) of the characters of chayote accessions

Quantitative Characters H! Qualitative Characters H!
Days to flowering 0.72 Stem color 0
Flowering to harvesting 0.47 Stemfurrow 0
Area per leaf 0.73 Leaf shape 0
Petiole length 0.58 Flower color 0
Marketable yield 0.74 Fruit furrow 0.17
Fruit weight 0.77 Spine density 0.27
Polar diameter 0.80 Spine distribution 0.40
Equatorial diameter 0.70 Skin texture 0.18
Peduncldength 0.60 Fruit skin color 0
Sprouting depth 0.75 Flesh color 0
Seed length 0.58 Seed color 0
Seed width 0.61

Cluster Analysis

Based on qudnative and qualitative charactetbe accessions were grouped into two
major clusers and four sublusters (Fig.y. Subcluster 1 is BPI Chl, sutluster 2 is BPI
Ch4, sukcluster 3 is BPI Ch2, 3, 10, 5, 6 and 7; and-sluister 4 is BPI Ch8 and 9 (Table 12).
Closest relationship was sérved on BPI Ch2 and 3 followed by BPI Ch6 and 7 while the
farthest were BPI Chl and 4. Though the accessions belong to one collection they came from
different origin.
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Fig. 7. Dendrogram for cluster analysis based on quantitative and qualitative
characters of chayote accessions
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Bi-plot Analysis of Characters and Accessions

The biplot analysis shows the association of the characters and accessions
and Table 12). Cluster 1 had the highest yield while cluster 2 had the heaviest
Cluster 3 isassociated with intermediate fruit weight, wider area per leaf, interme
peduncle length and sprouting depth, and none to sparse spines at apex and
Cluster 4 is associated with intermediate days to flowering and maturity, interm
depth @ fruit furrow, sparse spines and rough skin.

Fig. 8. Biplot analysis of chayote characters and accessions
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The four sukclusters were grouped based on common characteristics (Table 12).
Cluster 1 had highest yield or very prolific while cluster 2 had heaviest fruit due to its big size.
Cluster 3 has medium fruit sizes, wider area per leaf, intermediate gledength and
sprouting depth, and none to sparse spines at apex and bottom. Cluster 4 is intermediate in
days to flowering and maturity, intermediate fruit furrow, sparse spines and rough skin.
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Table 12. Cluster membership oéthO chayote accessions

Cluster No. Accession Characters

1 BPI Chl High yield

2 BPI Ch4 Heavy fruits

3 BPI1 Ch2, BPI Ch3, Intermediate fruit weight or medium size fruit,
BPI1 Ch10,BPI Ch5, widerarea per leaintermediate peduncle length
BPI1 Ch6, BPI Ch7  and sprouting depthnone to sparse spines at ape

and bottom
4 BPI Ch8, BPI Ch9 Intermediate days to flowering/maturity, inter

mediate fruit furrow, sparse spsand rough skin

Meteorological Data

During the three year cropping period, the temperature ranged from 13.70 tdQ4.12
(Table 13). January and February had the coolest minimum temperature (13.70 aff@)13.77
and March to April reached the maximum temperature of 2L1&hich could have enhanced
plant bug infestatin and virus disease infectionRelative humidity wasigh ranging from

85.33 to 92 %.

Meanwhile, lesser rainfall was observed in January to April and October to

December (11.51 to 50.95 mm) while higher rainfall was noted in May to September (324.13 to

999.50 mm).

Table 13. Average surface meteorological data during the cropping period-EuY)

Months Temperature Relative Humidity Rainfall (mm)
Min. Max. (%)
January 13.70 23.20 86.75 11.51
February 13.77 23.27 85.75 50.95
March 14.90 24.12 86.50 50.29
April 16.22 24.12 87.00 183.07
May 15.86 23.23 90.33 679.33
June 16.63 23.53 89.00 324.13
July 16.20 23.30 92.00 681.20
August 16.00 22.10 92.00 999.50
September 16.20 22.80 91.00 761.00
October 16.30 23.90 89.00 178.10
November 15.60 23.13 87.33 183.33
December 14.20 23.53 85.33 19.80 (2007,2009,2010
typhoon (2008)
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COST AND RETURN OF CHAYOTE

The total cost of production in growing BPI Ch4, 3, 2 and 1 in a hectarelwW&68;
144,522; 136,491 and 209,748 pesos, respectively, for a year and the return on investment were
229.57, 134.55, 106.38 and 289.92 %, in order (Table 14Appdndix1). This means that a
farmer can earn 2.29, 1.34, 1.06 and 2.89 pesos in growing these selected accessions.

Table14. Cost and return analysis of chayote (1 ha)

|. Cost of Production

[tem BPI Ch4 BPI Ch3 BPI Ch2 BPI Chl
Labor Cost 74,140 58,3000 53,020 100,540
Cost of Inputs| 87,028 76,222 73,471 99,208
Land Rent 10,000 10,000 10,000 10,000
Total Cost of 171,168 144,522 136,491 209,748
Production

[I. Economic Analysis

Selected | Total Cost of | Marketable | Average Gross Net ROI
Accession| Production* Yield** Price*** Return Income (%)
(PhP) (PhP)

BPI Ch4 171,168 225.65 t/h&yr | 2.50/kg | 564,120.00( 392,952.00| 229.57
(4,701.00 kg/
ha/harvest)

BPI Ch3 144,522 135.59 t/h&yr | 2.50/kg | 338,984.40| 194,462.40 134.55
(2,824.87 kg/
ha/harvest)

BPI Ch2 136,491 112.68 t/h&yr | 2.50/kg | 281,700.00| 145,209.00 106.38
(2,347.50 kg/
ha/harvest)

BPI ChlL 209,748 327.14 t/h&yr | 2.50/kg | 817,852.80 608,104.80| 289.92
(6,815.44 kg/
ha/harvest)

* Cost of labor, supplies and matesi@re based c2010 prices
** Based on average produce of three ygears
*** Average price inone year
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CONCLUSIONS

There were 92.20 hectaressommercialchayote farms surveyed in the majgrowing
areasin Benguet numberin@19 respondentsvho shared their culturahanagemenpractices
and indigenous knowledge. They mentioriedt chayote can be ma&ained for 5 to 8 years in
coolareaq1,250 masl and above) atwlo years in warm placg4,200 masl and belovdue to
earliersymptoms oWirus diseasenfection.

There were 10 accessionbaracterized and evaluated. Most of the characters had
significant differences between accessions except seed, wadhonse to whiteflies, miga
bugs, aphids, powdery mildeveaf spotand nommarketable yikl. Cluster analysigrouped
the accessions into two major clusters and four-cdusters. Diversity indices indicated
variation between the chayote accessionalbguantitative characters including chemical and
nutrient contents ansbme for qualitatie ones. Based orariability in characters such as days
to flowering, area per leaf, fruit weight, polar and equatorial diameters, sprouting depth, bug
infestation, virusdiseaseinfection, fruit furrow depth, spe density, spine distributiorskin
textureand marketable yielgelection is very important for future improvement of the crop.

Through evaluation, BPI Ch 4, 3, 2 and 1 are found promigngheir lower virus
disease rating and insect pest infestation, higher fruit weights, higher nidekgields, and
none to sparse spines. The latter however, shoailthrvested earlier for softer spineBy
growing them in a hectare can earn PhP 2.29, 1.34, 1.06 and 2.89, respectively, from a peso in a
year based on the return on investment.

Due tothe alarming loss of biodiversity, characterization, evaluation and conservation
of chayote and other indigenous vegetabiesthe region are necessary for agricultural
development. However, chayotarmers play an important role in the sustainabilityttoeé
crop.

RECOMMENDATION S

From the 10 accessiomharacterized andvaluated BPI Ch 4, 3, 2and 1collected
from Sto Nino, Tublay; Guisad, Baguio; Cresencia Village, Baguio; and Guisad, Baguio,
respectivelyare recommendefdr having lowervirus disease rating andsect pst infestation
higher fruit weightshigher marketable yieldsnd none to sparse spineghe latter however,
shouldbe harvested earlier for softer spines

More studies oncrop improvementincluding DNA profiling for potential genetic
resourceits utilization andsustainable cropping systems are necessary to mingaienlythe
virus diseasdhat almost wiped out the chaygbiéantations in1997to 2000but as well as
climate change

This information will be shagd to chayotefarmers for higher production Likewise,
this isuseful toresearcherand funding agencider future chayoterojects.

The Bureau of Plant Industryother agencieand interested entreprenewtsouldpool

resourcesn the multiplication of diseasedree planting materiad for theimprovement of the
chayoteindustry
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Appendix Table 1. Cost and Return of Chayote*
(1 Ha for 1 Year)

|. Cost of Production

A. Labor Cost

Operation/Activity

Man Days

Amount (PhP)

1. Land Peparation

Land clearing 14 @ 220/man da 3080
Planting hole digging 2 440
Basalapplicationof 10 2 440
sacks chicken manur
2. Planting(900 hills3 2 440
fruit seeds/hill)
3. Care and Management
Wiring/staking 10 2200
Irrigation 24 5280
Side dressing of 4 sack| 8 1760
triple 14 (2x) and 10 sacks
chicken manure (2x)
Weeding (3x) 15 3300
Deleafing (3x) 20 4400
4. Harvesting, packing an( 240/168/144/360 52800/ 36960/ 31680/ 792(

hauling (weekly for 8 mo);
BPICh4,3,2&1

Sub-Total

74140/ 58300/ 53020/ 10054

B. Cost of Inputs

Number/Unit Price

1. Fruit seeds 2700 pcs @ 2/pc 5400
2. Fertilizers
Chicken manure 30 sacks @ 180/sack 5400
Triple 14 8 sacks @ 1000/sack 8000
3. Other Materials
G| Wire # 16 8 rolls @ 2500/roll 20000
Post 900 pcs @ 10/pc 9000
Hose 5 rolls @ 1500/roll 7500
Rainburst 5 pcs @ 200/pc 1000
Bolo 2 @ 350/pc 700
Shovel 2 @ 600/pc 1200
Grub hoe with handlel 2 @ 350/pc 700
Scythe 7 @ 150/pc 1050
Plastic bags 9026/5424/4507/13086 27078/16272/13521/3925
(BPICh4,3,2&1) pcs @ 3/pc
Sub-Total 87028/76222/73471/992C
C. Land rent 1 ha @ 10,000/yr 10,000

Total Cost of Production

(BPICh4,3,2&1)

171,168/144,522/136,491/209,7

* Cost of labor, supplies and matesare based on 2010 prices.
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. Economic Analysis

A. Total Cost of Production
B. Gross Returns
C. Net Income £ross Incomé Total Cost of Poduction
D. Return on Investment (%)Gross Incomé Total Cost of Poduction X 100
Total Cost of Production
Selected | Total Cost of | Marketable | Average Gross Net ROI
Accession| Production* Yield** Price*** Return Income (%)
(Tons/ha) (PhP) (PhP)
BPI Ch4 171,168 225.65t/ha | 2.50/kg | 564,120.00 392,952.00| 229.57
(4,701.00 kg/
ha/harvest)
BPI Ch3 144,522 135.59 t/ha | 2.50/kg | 338,984.40 194,462.40| 134.55
(2,824.87 kg/
ha/harvest)
BPI Ch2 136,491 112.68 t/ha | 2.50/kg | 281,700.00 145,209.00/ 106.38
(2,347.50 kg/
ha/harvest)
BPI ChlL 209,748 327.14t/ha | 2.50/kg | 817,852.80 608,104.80| 289.92
(6,815.44 kg/
ha/harvest)

* Cost of labor, supplies and matesi@re based on 2010 prices
** Based on average produce of three years
*** Average price of one year
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