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ABSTRACT

Five cabbage varieties viz Ace Green, Gladiator, Lucky Ball, Rare Ball and Scorpio
were evaluated at representative locations in Benguet: Balili, La Tnmdad (1.332 m asl);
Bonglo, Atok (2.085 m asl); and Tulodan, Atok (2,330 m asl) followmng the Philippi
National - Standards (BAFPS. 2003) for organic vegetable production. Genotype x
Environment (G x E) analysis was done on yield to determine stability of the vaneties
across locations and seasons using the Additive Mamn Effects Multiplicative Interaction

(AMMI) model.

The cabbage varieties had vanied performance i the different locations duning the
wet and dry seasons. The highest yielding, most stable and preferred cabbage varieties
across locations and seasons were Rare Ball Lucky Ball and Scorpio. These vaneties
are recommended for organic production in the three agro-ecological zones of Benguet

Keywords:growrth and yield performance, genonype by environment interaction,

cabbage varieties and organic production
INTRODUCTION excessive use of synthetic fertilizers. Added to the

Cabbage (Brassica oleraceae var. capitata L.) 1s
a cool season crop which grows best under cool.
moist weather conditions (Thompson, 2002). It was
ranked as one of the top 20 vegetable crops grown
globally (FAO. 1988). There are more than two
million hectares planted with cabbage and other
brassicas produced globally, producing an average
vield of 29 tons per hectare (FAOSTAT, 2011). In
the Philippines. Benguet and Mountain Province
are the prime producers (PSA, 2013).

Cabbage production system in Benguet i1s
chemical-based. The Department of Agrarian
Reform (2013) reported that due to conventional
farming., agncultural productivity has been
declining over the vears. Yield remains very low
due to declining soil fertility brought about by the

problems is the high price of farm inputs. Surveys
of vegetable growers revealed that about 40% of
the total production cost is due to farm inputs.

Due to the negative effects of chemical farming.
an alternative system of production such as organic
farming 1s relevant and important at present.
According to Briones (1997), organic farming uses
organic fertilizers and diverse cropping system. One
of the benefits of organic farming that can be of great
help to farmers is that organically grown vegetables
command higher prices than conventionalily-
produced ones. thus, having potential of generating
higher income for the producer. Compared to the
former-organically produced products have higher
nutritive values and. lesser insecticide residues,
taste better and provide greater satisfaction to the
consumers (Crinnion. 2011; Hajslova ef ai.. 2005,
Kersti ef al.. 2009).
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One of the factors that contributes to the success
of the organic vegetable industry in the highlands
1s the availability of vaneties that are adapted to
organic production. Vaneties of cabbage planted
in Benguet are conventionally-produced in other
countries such as Japan and China and imported by
seed companies. Thus, there 1s a need to evaluate
these varieties under local low input and organic
conditions. Organic practitioners here identified
a few vegetable vaneties for organic production
(Pablo and Tad-awan. 2005) but data on their
performance under organic production are wanfing.

Evaluating cabbage varnieties for adaptation and
vield will help farmers, breeder and seed companies
select and develop varieties best suited to the local
environment and market. To be selected, a variety
should be high yielding, resistant to pests and
diseases, early maturing and adapted to the locality
to increase profit and reduce expenses (Adeniji of
al., 2010; Lammerts ef al., 2002).

The few vegetable vaneties adapted under
organic production is one of the gaps identified
dunng the regional R and D consultations. In
answer to this need, this research aimed at selecting
cabbage varieties specifically adapted for organic
production in three locations of Benguet during the
dry and wet seasons.

MATERIALS AND METHODS

Varieties and sources
Five cabbage vaneties were sourced out from
different seed companies (Table 1).

Experimental sites and seasons

Table 2 summarizes the conditions of the
experimental trials. Dry season cropping was from
October to February while wet season planting
was from May to July. The temperature ranges in
the different locations were within the 15-20 °C
requirement for cabbage production (DA-BAR.
2012).

Experimental Design. Land Preparation.
Fertilizer Application and Planting
The expeniment was laid-out in a Randomized

Table 1. Cabbage varieties and source of seeds

Variety Seed Company Country of
Ace Green Nong Woo Bio China
Co.
Gladsator Allied Philippines
Botanical Corp.
Lucky Ball Kaneko Seeds  Japan
Co.
Rare Ball Kaneko Seeds  Japan
Co.
Scorpio (check) Sakata Seed Japan
Corp.

Complete Block Design (RCBD) with three
replications. An effective area of 75 m’ per
location was prepared and divided into three blocks
consisting of five plots with 1 m x 5 m dimension.
BSU Growers” Compost (Laurean and Nagpala.
2012) was applied at a rate of 3.75 kg/5 o’
(75% of the recommended rate) one week before
transplanting. The seeds were sown in seedling trays
prior to transplanting. One month old seedlings
were transplanted in the field at a distance of 30 cm
X 30 cm between hills and rows which allowed 30
seedlings planted per plot. Irnigation followed after
transplanting to prevent transplanting shock.

Cultural management practices

Cultural management practices stipulated in
the Philippme National Standards (BAFPS, 2003)
for organic vegetable production were followed.
Mokosaku or wood vinegar was sprayed at a rate
of two thsp/li of water (Villanueva, 2012). At least
10% diversity was maintained by planting marigold.
onions, com and zinma along the border plots.

The data gathered were:

1. Number of days from transplanting to head
initiation was recorded when the shoot leaves
started to bend inwardly and up.

2. Heading percentage was determined per plot
using the formula:

Number of plants with formed heads
Heading (%) = x 100
Total Number o f plants
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Table 2. Agro-ecological zone, elevation and meteorological data from October 2012-February
2013 of the different experimental locations for cabbage vaneties

Location Agro- Elev. Mean Mean Mean Light
Ecclogical (M ASL) Temperature Light Intensity Humidity
Zoge (t©) (Fe) (%)
Min Max
La Trinidad Low mountain 1.332 13.55 234 1720.38 81.00
Bonglo, Atok Mid-mountain 2,085 13.00 21.33 804.83 61.11
Tulodan Atok  High mountain 2.330 11.14 20.32 04522 60.82

3. Cicumference of heads (cm) Equatorial

circumference was measured at the mid-section of
the head while polar circumference was measured
from the bottom to the tip of the head with the use
of a tape measure.

4_Average head weight {g) was obtained by dividing
the weight of marketable head by the number of
marketable head per plot.

5. Weight of marketable heads (kg/plot) was the
weight of harvested heads without any defects.

6. Weight of non-marketable heads ‘plot) was
the weight of heads that are small, rotten, cracked
and with other defects and not fit for sale.

7. Total vield (kg/plot) was the sum of the weight of
the marketable and non-marketable heads.

8. Computed marketable vield (tha™) was computed
using the formula:

Total yield'plot
5m" x 1000
0. Postharvest data include weight loss and shelf

life:

x10,000

Yeld (tonsha) =

01 Weight loss (%). Inmitial weight of
cabbage heads was taken one day after harvest, then
heads were weighed weekly thereafter. Weight loss
(%) was determined using the following formula:

o fus Initial Wt — Final Wt
WL = nitial Wt x 100

0.2 Shelf life. Sample heads were taken just after

harvesting for postharvest evaluation The number
of days from display to the day the heads were still
fit for consumption was recorded.

10. Diamond-back moth infestation was recorded
at 60 days after transplanting using the following

rating scale (Cardona, 2009):
Rating Numberof Leaves Damage  Remarks
1 No damage Highly resistant
2 1-3 leaves damaged Resistant
3 4-6 leaves damaged Moderaely resistant
4 Most ofthe leaves damaged  Moderately
$ Al of the leaves damaged Susceptible

11. Cutworm infestation was recorded at 30 days
after transplanting and heading stage using the
following rating scale (Cardona, 2011):

Ratng Number of Leaves Damage  Remarks
1 Nodamage Highly resistant
2 1-3 leaves damaged Resisant
3 4-6leaves damaged Moderately reststant
4 Mostofthe leaves damaged  Moderately susceptible
§  Allofthe leaves damaged Susceptible

12. Clubroot incidence was evaluated at harvest

stage using the following rating scale (Tad-awan
and Basquial, 2008):

Description

unJ-ueH-—-%?
I

No clubroot

Slight mcidence (1-19% of plants are infected)
Moderate mncidence (20-39% of plants are infected )
Severe incidence (40-59% ofplants are infected)
Extreme incidence (60% or more of plans are ingcted)
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Sensory Evaluation

Cabbage heads were evaluated by a panel
composed of farmers and consumers. Evaluation
was based on color. size, appearance and general
acceptability following the 1-5 scale as follows:

Rating Description
1 Like very much
2 Like moderately
3 Neither like nor dislike
4 Dislike moderately
5 Dislike very much
Return on Cash Expense (ROCE)

The retumn on cash expense was computed based
on the formula:

Net income x 100
Total costofproduction

ROCE (%)=

Preference for cabbage varieties

The preference for cabbage varieties was
gathered through interviews with 50 respondents
composed of the farmer cooperators, consumers
and organic and conventional farmers in Atok and
La Trinidad using a structured questionnaire. The
characteristics of cabbage considered were size,
shape. color. appearance and sheif-life. resistance
to pests and diseases and yield performance.

Statistical Analvsis

Datawere analyzed using the analysis of vanance
(ANOVA) for RCBD. Treatment means were
compared using the Least Significance Difference
(LSD) at 5% level of probability.

Genotype x Environment (G x E) analysis
was done using the Crop Stat Version 2.2.2007 3.
Among the features of the program are across
sites and Additive Main Effects Multiplicative
Interaction (AMMI) analysis and pattern analvsis
of G x E Interaction (IRRI, 2009).

In the analysis of the G x E interaction of the
vegetable varieties and the different environments.
the AMMI model was used. Summary statistics
and graphical displays in the form of biplots to
show trends and patterns were generated using
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AMMI model. An AMMII biplot has main effects
for its abscissa and the first Interaction Principal
Component Analysis axes (IPCA1) for its ordinate
while an AMMI? biplot has IPCA1 for 1ts abscissa
and IPCA?2 for its ordinate (Gauch. 2006). In the
biplot, the angles between the vectors that represent
genotypes and environments show the interaction,
and the distances from the onigin indicate the degree
of interactions that the genotypes show throughout
the environments or vice versa (Kandus er al..
2010).

RESULTS AND DISCUSSION

Heading Characteristics of the Cabbage Varieties

Days to head formation Cabbage varieties
did not vary as to days to head formation across
locations, vears and seasons (Table 3). Dunng the
dry season {DS) in La Trinidad, Ace Green and
Gladiator were the earliest to form heads in 37 days
after transplanting (DAT). At Bonglo. Ace Green.
Gladiator and Scorpio (check) were the earliest to
form heads in 47 days while in Tulodan, all entries
formed heads in 63 days. The same trend was
observed dunng the wet season (WS) in Bonglo
and Tulodan

Cabbage varieties grown in La Trinidad formed
heads earlier than those varieties grown in Bonglo
and Tulodan. Ace Green. Gladiator, Lucky Ball and
Rare Ball formed heads earlier than Scorpio mn all
locations. It was also observed that the cabbage
varieties formed heads earlier during the dry season
than during the wet season This shows that under a
growing environment where the elevation is lower
with higher temperature, light intensity and relative
hunidity. early heading is evident.

Heading percentage. High heading percentage
is desired since it could mean high yield It was
onlv in La Trinidad during the DS of 2011-2012
that heading percentage significantly differed
among the cabbage variefies where Ace Green
had significantly higher heading percentage than
Scorpto but Rare Ball did not differ from it (Table
3). However, the highest heading percentage across
locations and seasons was observed from Scorpio.
This may be atiributed to the adaptability of Scorpio
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in the locality being the variety commonly planted
by farmers for more than 10 vears. Lucky Ball had
also consistent high heading percentage across
locations and seasons. Generally. higher heading
percentage was observed during the dry season.

Equatonial circumference. The cabbage varieties
grown in the different locations had variable head

circumferences (Table 3). Ace Green. Lucky Ball
and Rare Ball formed wide heads when grown
across locations and seasons. Lucky Ball and Rare
Ball exhibited the widest heads while smallest
heads were manifested by Scorpio.

Yield and Yield Components Yield is one of
the major determinant parameters for selecting
and basis for recommending a particular vanety.
This character plays an important role for variety
commercialization and income generation Yield
of the different cabbage varieties varied across
locations (Table 4). The cabbage varieties grown in
the three locations produced vields ranging from 9
to 49 t ha™. The higher yield obtained could be due
to the favorable growing conditions in which the
optimum mean temperature for growth and quality
head development is 15-18 °C (Adenijt of al.
2010), higher soil pH and good soil porosity. Since
cabbage 1s a cool season crop with moderately low
optimum temperatures and high water requirement
for optimum performance, vields are greatly
reduced under higher temperatures (Muleke ef al.,
2014). Higher yield was also observed during the
wet season when water 1s readily available.

Average head weight Among the cabbage
vanieties grown in La Trinidad Ace Green
significantly produced the heaviest heads dunng
the dry season trial in 2011-2012 (Table 4). Dunng
the wet season trial. Lucky Ball had heaviest
heads while the lightest heads were obtained from
Scorpio. In Bonglo, Scorpio produced the heaviest
heads during the dry season in 2011-2012 but had
lighter heads in the successive trials.

Considering the performance across the three
locations, Rare Ball produced the heaviest heads.
As to performance according to season, Scorpio
produced the heaviest heads during dry and wet
season trials i 2011-2012 while in 2012-2013
dry and wet season trials. Lucky Ball and Rare
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Ball had the highest head weights. According to
Janko er al. (2011). head weight is a variable trait
that is influenced by environmental factors. This is
especially pronounced if head weight 1s regarded as
yield that is a function of growing period length and
plant density.

Head weight was observed to be related with
compactness. Lucky Ball and Rare Ball have
compact heads which may have resulted in heavy
heads. On the other hand. Gladiator and Ace Green
have loose heads which may result in lighter heads.

Marketable vield Marketable vield ranged from
8 to 24 t ha* during the drv season and from 14 to
45 tha during the wet season (Table 4). Rare Ball
and Ace Green produced the highest marketable
vield during dry season trial in La Tnnidad in
2011-2012 but produced lower yields dunng
the wet and dry season trials in 2012-2013. Rare
Ball. as compared with Scorpio. produced higher
marketable yield for two consecutive dry season
trials but had lower yields during the wet season
trial. Lucky Ball significantly outvielded Scorpio.
The cabbage varieties grown in Tulodan had the
highest marketable vield ranging from 8 to 46 t ha™
followed by those grown in La Trinidad at 14 to
41 t ha'! and those grown in Bonglo at 9 to 31 t ha
! Generally, the cabbage varieties had higher yield
when grown during the wet season.

Higher marketable yield was obtained from
Rare Ball during the dry season and Lucky Ball
and Gladiator during the wet season in La Trinidad.
Lucky Ball and Scorpio during the dry season and
Rare Ball and Scorpio during the wet season in
Bonglo, and Rare Ball and Lucky Ball during both
seasons in Tulodan.

Rare Ball significantly outyielded check variety
Scorpio in La Trinidad during the dry season in
2011-2012, in Bonglo during the wet season in
2011-2012, and in Tulodan in both seasons in
2012-2013 but Scorpio had significantly higher
marketable yield than Rare Ball during wet season
in 2011-2012.

The marketable vield obtained in the study
1s within the world vield range of 10-40 t ha? as
reported by Ogbodo ef al. (2009). This implies the

Table 3. Days to head formation, heading percentage and head circumference of cabbage varieties evaluated during the dry (DS} and wet season (WS)
trials (2011-2013) under organic production in the different locations

Tublodan, Atok (2,330 m asl)
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+_sgnificant; **highly stgnificant; ns-not signtficant great potential of organic cabbage production in the day the heads are still fit for consumption. Long
npymmcoarldgloneroarizloggerocorlzlnn verec 2 2D al g Benguet. storage life is preferred by most growers. retailers
;5;{,55.2&E;ég§§§£§§%§§E§§5§%§§§.§2§ g = and consumers. Shelf-life of the cabbage varieties
SEs Pz alf* 2 EwzdlElcSEEnz A = = 2|2 z : Non-marketable vield The lowest non- grown in the different locations and growing season
2 TETEE Z TETEE| Z TETEE Oz TETEEZ 2|23 marketable vield at 0.56 t ha” was taken from Rare  ranged from 11 to 16 days (Table 5). Generally.
5 % E z E- ;Eo?; Ball grown during the dry season in Tulodan InLa average shelf life of 15 days was recorded from
-~ = = ré. - E z Trinidad, low non-marketable vield was observed varieties Gladiator. Lucky Ball, Rare Ball and
& E o B from Gladiator during the dry and wet seasons. In Scorpio.
~Z23EG = = SeeEy R I R S| ag duning the dry season. The cabbage vanenf:s had Reaction of Cabbage Varieties to Insect Pests
5 @ “ b *E2 7 * = E : E lower non-marketable vield when grown during the and Diseases
—E 2 dry season in all Jocations. Reaction to cutworm. The cabbage vaneties
2 g R ::_,_: gf § é ShRY pEl gk sssEz |8 W EEY BB EE% _ Total_vield. Generally the highest yielders grownin@.a'l'rini_dadan@Tﬂodanwerer_esistantto
23328 N Y=o TCTRREZE RSz waz e wls [z 2 in the different locations and seasons were Rare cutworm infestation while those grown in Bonglo
ZEEE TFEER = g ?: Ball, Lucky Ball and Scorpio (Table 4). High were moderately resistant (Table 6).
L S I N (N TR, TTE: yield of these varieties could be attributed to their
3‘; ; = f.»; FE= :: 2 5 ,;j ,g @ ; = Eé 5 & = i«‘ ;:’i LE2hg2? z = E compgaa.gdheax'y'heads_'mremntmaysuggest Reacnontodmmo@-baekmothInLaTnmdad
SN e € g w “e g e s 2dS a2y i the suitability and adaptability of Rare Ball, Lucky and Tulodan the varnieties grown were resistant to
.o E . =z *2F 3 Ball and Scorpio for organic production in the three  diamond-back moth while the cabbage varieties
TrEREoE I o rElesl S nst x| | 2 2R R L |ZIET é £ locations. i‘lhe em-'iro;mer;t ot:1 gugfn}ﬁ_ga\'e tl;(e1 g)rown in Bonglo were moderately resistant (Table
= = =0 b B = 2 2 is 2T Fxll® 300 o> = =% a2 |¢|Z|Ele=s highest yield ranging from 9 to 49 t ha™. vie ;
CUEE s RET ST &% (TedgruEl |Maizegazs 3%5& ofthecabbagevarietieswasalsoobtaine%lhinLa
. “ 3 . - NIZ g & Trinidad ranging from 16 to 46 t ha™. The cabbage Clubroot incidence There was slight clubroot
poEREsSE FoED PR |y IBSEE tezgl |3 |Zlk varieties grown in Bonglo produced lower vield incidence in the test varieties in La Trinidad
R=pzzpe [ Ep P8 [*3Zess3| 2eRE2LD Gl o b D i I e €, - o -
s 2B & B8 & 3888 = 232 E - 2187 ranging from 9 to 34 t ha'! which could be attributed while no clubroot infection was observed in the
v o to moderate infestation of insect pests like cutworm varieties grown in Bonglo and Tulodan (Table 6).
B b gk e — & , - = -t Lt , - P g - %—: and diamond-back moth. The growing environment in the sites may not
ER2S22F S Efwggé% 2L aE58B IBaB8ESEE (%EF - be favorable for the development of the disease.
TEFE -1 TEEER | BugeYR &2 §- Postharvest Characters Clubroot commonly attacks crucifers causing
5 B oy e B3 P I "D s e Y| | P %ﬂ Weight loss. Varability in _wgight loss‘ was abpormality to the root system. Wet. cool and acidic
sl B gszsg| veSor2s3 [gha2fe i |« & observed among the cabbage varieties grown in the sotls are favorable for the development of clubroot
cFge33 [* EE "2 "R eRS Mz ESEE ) different locations (Table 5). For cabbage varieties with optimum temperature for germination of
- o e e z grown in La Trinidad. low weight loss in three spores and for disease development at 18 *C-25 °C.
B S e 2D Gl lz.528 =0l | § =2 s sl (222 & consecutive trials was recorded frgm Glafliator as Infection can occur, ho_weveg wt.xm temperature 1s
ERE R $*2353% |5z = S22 8| |2e =5 & 2 1=(E & compared fo Scorpio. In Bonglo. still Gladiator had as low as 12 °C or as high as 25 "C (Hansen, 2000,
= i 2EES g E & the lowest weight loss during the dry and wet season Ferriera and Boley. 1993).
Doy d e b r- T — TR N o W o, —— R W = " :g g tnalsmZOll-ZOlQbuthadthemghes’twelghtloss -
=25 g -2 'g" Epeg2ezl 8 ; *é § 2 ; 2 233 § § a2 1% (5] & during the wet and dry season trials in 2012-2013. Return on cash expense (ROCE)
- B e« 3 " R = Ex s o g In Tulodan, the lowest weight loss during dry season The cost of production and returns per 1000
= trial was recorded from Lucky Ball and Rare Ball n’ dunng the last trial or wet season of 2012-
- BERE = S e = ;3 . LwZu B e B S % e Z|=2|E § while the lowest weight loss during the wet season 2013 are shown in Table 7. The production of the
CEA i:.: I (223 F 5 Eltd I R o gzl [®X = = ';.j ,'3 § ﬁ T oz trial was registered from Ace Green and Scorpio. cabbage varieties under organic conditions resulted
- e = s~ ¥ ® B g &% = Overall, Ace Green had lower weight loss than the in positive ROCE. Rare Ball and Lucky Ball
. other varieties including Scorpio. The result implies production in Tulodan had the highest ROCE which
ERe S:: E §‘ ,_‘-,_: i Loww é‘ g s E % 5:5 z < -:-‘ ‘:": Z o 2 33 ;_’ § =z that the weight loss may depend on the location and is attributed to the high marketable yield. In La
-*uggé-g =L =2 S8 zz| |® “-a;ggg "'558332512? cropping season. Trinidad. high ROCE was obtained from growing
- *R e R Lucky Ball. The lowest ROCE was noted on Ace
Shelf life One important character in selecting Green and Gladiator planted in Bonglo. Generally,
P S S R R e =RUEE 52848 z a particular variety is storability under ambient cabbage varieties planted in Bonglo had low ROCE
25 2FEZ ol XESEZ % 35' == & E condition or the number of days from display to due to the comparatively low marketable vield
obtained.

41 42



