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Abstract

Tree-crop interactions in agroforestry systems involving vegetable
crops have not been studied extensively because previous research in agrofor-
estry focused on agronomic arable field crops. A vegetable-agroforestry sys-
tem was established at AVRDC — The World Vegetable Center to: 1) study
tree-crop interactions in alley-cropping vegetable crops with tropical fruit
trees in terms of competition and/or complementarity; 2) investigate the influ-
ence of tree crops on natural habitat and insect pest populations in vegetable
alley-cropping systems; and 3) evaluate total productivity and economic re-
turns from high value horticultural crops in an agroforestry system. Seedlings
of 12 tropical fruit tree species: Anona reticulata, Artocarpus heterophyllus,
Chrysophyllum  caimito, Coffea arabica, Eugenia brasiliensis, Eugenia
uniflora, Pouteria caimito, Pouteria campechiana, Psydium littorale, Rollinia
mucosa, Syzvgium samarangense, and Tamarindus indica were established in
December 2005 at AVRDC's Organic Vegetable Rescarch Plots. Vegetable
crops were grown sequentially in alley beds between tree hedgerows 10
months after tree establishment. Monoculture cropping of vegetables was es-
tablished for comparison. The trial was conducted using a randomized com-
plete block (RCB) design with four replications. Establishment and initial
growth of trees varied according to species. Outstanding species for stand es-
tablishment and growth were A. heterophyllus, C. caimito, T. indicus and A.
reticulata. Marketable yields of vegetables varied with species over a period
of 3 years and 4 sequential cropping seasons. During the first two seasons,
marketable yield levels were not influenced by tree hedgerows, which were in
the stage of being established. The effect of tree-crop competition in reducing
yield was not apparent. As fruit trees became fully established and developed
full canopies, the demand for soil moisture, nutrients and light increased,
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which resulted in significant yield reduction for sweet pepper (64%), tomato
(47%), and Chinese cabbage (20%). Cucumber and eggplant were Ic§s af-
fected by tree hedgerows, with yield reductions of 1% and 11%, !'cspcctlvcly.
Shading of vegetables by trees was considered a major factor in decreased
yield. With time, yield loss from vegetable crops will be compensated .by
yield gains in fruit trees as some species were already at the reproductive
stage. Incidence of insect pests and economic returns from vegetable produc-
tion under hedgerow intercropping are presented in the report. Our results
suggest that integration of high value vegetable crops dunng the carly stage
of tree establishment in agroforestry systems can provide quick economic re-
turns which are of tremendous benefits to livelihoods of smallholder growers
as the returns from trees can be obtained later. The early economic return
from vegetables compliments the benefits from fruits lc_:adi.ng to ‘sustainablc
vegetable-agroforestry systems which will provide positive incentives for the
resource-poor and smallholders in the tropics.

Keywords: Alley cropping, tree-crop interaction, tropical fruit trees, vegeta-
ble crops

1. Introduction

Recent emphasis on high-value horticultural crops by the D.cpar.tm.cnl of /}g-
riculture (DOA) has triggered research and development cf!ons in integrating
vegetable crops in various farming and cropping systems in the Philippines.
High-value horticultural crops including fruits, vegetables and omamentals
are sources of food, medicine and income for small-scale, resource-poor
farmers in the tropics (Rao et al., 2004; Palada ct al., 2004a; Mercado ct al.,
2008a). These crops are important components of agrotjqrcstw systems and
play a significant role by contributing to biolog!cal stability, cnl}apcmg crop
diversity, conserving soil properties, and increasing total produc':lwn-y (Pa!ada
et al., 2004a,b). Agroforestry with horticultural crops can l?c paired in various
systems, including alley cropping or hedgerow intercropping, n‘lululaycr tree
gardens, home gardens, multipurpose trees in croplands, plantation crop com-
binations, and taungya (Nair, 1993).

Early studies on tree-crop associations in agroforestry systems were fo-
cused on a‘gronomic arable (field) crops such as maize, cassava and beans.
Although the principles and knowledge learned from these studies are rele-
vant to horticultural crops, actual results may vary in terms 9( response to
tree-crop interactions. Recent studies indicate that when horticultural crops
such as vegetables are integrated into agroforestry systems, the association
can be complementary, competitive, supplementary, or neutral (Mcrcado.cl
al., 2008a). The tree-crop association is influenced py crop species
(vegetables and trees), planting system (arrangement), soil properties, and
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other variables. It is generally known that trees compete with crops for soil
moisture, light and nutrients. Studies on positive and negative effects of trees
on intercropped vegetables under agroforestry systems such as alley cropping
and hedgerow intercropping have been reported by Chen et al. (1989); Palada
et al. (1992a,b; 2004a,b); and Mercado et al. (2008a). For example, Chen et
al. (1989) reported that alley-cropping pai tsai (Brassica chinensis L.) en-
hanced yield and plant mineral concentration even with no fertilizer applica-
tion. Studies in the humid tropics of West Africa indicated that with fertilizer
application, yield of vegetables including amaranth (Amaranthus cruentus),
celosia (Celosia argentia), okra (Abelmoschus esculentus) and tomato
(Lycopericon esculentum) grown in an alley-cropping system with a nitrogen-
fixing leguminous tree (Leucaena leucocephala Lam de Wit) were similar to
yield in control plots (monoculture). With no fertilizer applied, yield of alley-
cropped vegetables was higher than the control, indicating that alley cropping
can reduce fertilizer requirements for vegetable production (Palada et al.,
1992a).

In the semi-arid tropics of the Eastern Caribbean, alley-cropping vege-
table crops such as bell pepper (Capsicum annuum), eggplant (Solanum
melongena) and sweet com (Zea mays) with pigeonpea (Cajanus cajan),
Moringa (Moringa oleifera), Gliricidia (Gliricidia sepium) and Leucaena re-
sulted in both negative and positive associations. The presence of hedgerows
in alley cropping reduced evapotranspiration, lowered wind turbulence, and
maintained a slightly higher soil moisture and lower surface soil temperature
(Palada et al., 2002a, 2004a).

Studies in vegetable-agroforestry systems (VAF) conducted in the
Philippines indicated that under farmers’ management, the optimum tree
hedgerow spacing was 20-25 m apart, and suitable tree species for the VAF
system were Eucalyptus robusta, Eucalyptus torillana and Acacia mangium
(Mercado et al., 2008a,b). It was best to prune the trees from 40-60% of their
canopies to reduce tree-crop competition. Suitable vegetables species under
the vegetable-agroforestry system were common cabbage (Brassica oleracea
capitata), cauliflower (Brassica oleracea botrytis), carrots (Daucus carota)
and bell pepper. Results showed a positive relationship between net comple-
mentary index (NCI) and tree height and amount of canopy left after tree
pruning, but NCI had a negative relationship with canopy width.

Most of the vegetable-agroforestry studies reported above involved
trees with low horticultural and economic value (timber trees, and firewood).
Studies involving high-value tropical fruit trees in agroforestry systems with
vegetable crops are few. The combined economic benefit from fruits and
vegetables may lead to long-term sustainability of the vegetable-agroforestry
system in the tropics.
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The major objective of this study was to develop economically viable
and ecologically-sound integrated vegetable-agroforestry systems to increase
farm productivity and income, and reduce vulnerability and risks. The spe-
cific objectives were to: 1) investigate tree-crop interactions in alley-cropping
vegetable crops with tropical fruit trees in terms of competition for soil water,
nutrients, and light and complementary associations in the lowland tropics; 2)
investigate the influence of tree crops on natural habitat and insect pest popu-
lation in vegetable alley-cropping systems; and 3) evaluate total productivity
and economic returns from high-value horticultural crops in an agroforestry
systems. This paper focuses on objective 1, with more emphasis on vegetable
yield performance and variety selection under agroforestry systems.

2. Materials and Methods
2.1 Tropical fruit tree establishment

Twelve species of tropical fruit trees including Bullock’s heart (4nona reticu-
lata), Biriba (Rollinia mucosa), coffeec (Coffea arabica), tamarind
(Tamarindus indica), jackfruit (Artocarpus heterophyllus), Brazil cherry
(Eugenia brasiliensis), Surinam cherry (Eugenia uniflora), strawberry guava
(Psidium littorale), Nam Pheung honey (Syzygium samarangense), star apple
(Chrysophyllum  caimito), Canistel (Pouteria campechiana) and Abiu
(Pouteria caimito) were established on December 9, 2005 at AVRDC — The
World Vegetable Center’s Organic Farm. Trees were planted on raised beds
50 ¢cm high and 1.5-3.0 m wide depending on species. The distance between
tree hedgerows was 8.0 m. Organic fertilizer (compost) at 10 t/ha was applied
in cach planting hole (30 cm depth) before planting. Because of the limited
number of tree seedlings provided by the Horticulture Department at National
Pingtung University of Science and Technology, Taiwan, scedlings of each
tree species were planted in one row with varying length (25.7 m to 44.0 m)
as shown in Figures 1 and 2. Tree spacing within the bed varied from 1.5 m to
3.0m.

2.2 Vegetable crops

Vegetable crops were grown in alley beds between tree hedgerows starting in
October 2006, ten months after the tree establishment. During the first crop-
ping scason (hot-dry), nine vegetable species were planted; these were to-
mato, sweet pepper, chili pepper, cauliflower, broccoli, Chinese cabbage,
common cabbage, radish and cucumber. In the second season (dry-cool), the
same vegetables were grown but for broccoli and common cabbage. In the
third season, crops were planted during the hot-wet season (April-June 2007),
including okra, eggplant, lettuce, cucumber, sweet corn and yard-long bean.
This was followed by the fourth cropping (October 2007-April 2008) with
plantings of tomato, eggplant, cucumber, Chinese cabbage and common cab-
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bage. Table 1 shows the vegetable species and varieties grown. AVRDC stan-
dar_d rgcommcndcd cultural practices were followed for each vegetable cro

which included irrigation as required. With the exception of tomato, plot sizg
and plant spacing for all vegetable species was 4.5 m® (1.5 m x 3 (’)rt)n) with
two rows and between plant spacing of 0.5 m. For tomato the sam.e plot size
was used, but four rows were transplanted to each plot. All crop cultural man-

agement practices followed an organic system; th i ili
P ; the use of synthetic fe
and pesticides was avoided. g ¢ ferlizers

Plot  TreeSpecies  (Bed length) Spaciog (plant 4o plant)
1 Psidium littorale Raddi / Strawberry guava lS(m- =
e AR e ——— 'i'Jlgg
2 Eugeni i s I
2 Eugenia uniflora/ Sutinam cherry 2.5(m) p ¢
. S— Y
[ 3 » ——— = 2 o 1
| Syaygium samarangense | Nam Pheung Honey 3.0(m) %
- 7. S ]
j 4 Anonareticilata | Bullock's Heart 2.5 (m) % il
e avatin e 3&0Om
_ S Tamarindus mdica | Tamarind 2.—5‘(m * L
Sy o— R T T A & v
Artocarpus heterophylfies 1 Jackfruit 3.0 (;;; # .‘3
7 Rollinia mucosa ! Biriba 3.0(m)
" 8 Baccavrea ramiflora { Mafai 3.0 (m) %ﬂ‘ ’
. T —Ir
9 Pouteria caimito Redlk / Abiu _ 2 5 (m) * !
. T ATEm el o
,O ) ' _— - - e T p—— ] 'o
Chrysophyllum caimito f Star Apple 3.0(m % .
————————————— ———— ——eeeas aen. — — - : !-
e MR B T
11 Pouteria campechiana f Canistel 2?(;) % h
) ——
112 Eugenia brasilicnsis / Brasil T 25 —L 12
{12 Eugenia brasiliensis | Brasil chemy 2.5 (m)¥ |
—  E— ~i
- 44.0m «

Figure 1. Field I: ‘ege - 2
('c':ucr. cld layout of vegetable-agroforestry trial at AVRDC — The World Vegetable
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Figure 2. General view of the vegetable-agroforestry trial at AV RDC ~ The World Vege-
table Center (October 2007).
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Table 1. Vegetable species and varieties grown in AVRDC vegetable-agroforestry trial,
2006.

Vegetable species Varieties

Brocceoli KY-AMO00532 x 905
Cauliflower Early Autumn

Chinese cabbage Yu-Hong, Hybrid 686, Express

Common cabbage

Gao-Hung, Chau-Shi

Cucumber Hun-Yan, Sin-Yan, Ar-Shin
Eggplant Known-You, Hua-Lang, Masu-lon
Hot pepper B ’-Dclicacy 05-193
Lettuce -F:mpirc, Stem-Let -
Malabar spinach Local Big Purple Leaf
' Okra 3442, 1524, 556, 3141, 549
Radish Jung-Shi.- Jueun-Ki o
Sweet com Pa-Guitfg. Sung-Hua
Sweet pepper Hazera, V20230, Blue Star
Tomato TLCV32, FMT847, CHT501, CLN2026, TLCV2,

TLCV15

Yard-long bean

Pia-Hou, Spring 81, Spring 40
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2.3 Experimental design

The agroforestry field trial was laid out using a randomized complete block
design (RCBD) with four replications. The hedgerow tree species were not
replicated because of the limited number of tree seedlings. Thus, the whole
agroforestry field was divided into four blocks and each block represented a
replicate. The vegetable varieties were randomly planted within each block at
right angle to the rows of three species, such that each vegetable species was
on average given equal chance of interacting with each fruit tree species. The
compost fertilizer treatments were superimposed on vegetable species. Three
sources of organic fertilizer (compost) were applied and evaluated as to their
effects on growth and yield of vegetable crops. Compost treatments were: 1)
Compost I (rape+soybean+sesame); Compost 11 (castor seed); and 3) Com-
post III (combination of Compost I and II). Table 2 shows the nutrient (NPK)
analysis of compost materials used, and Table 3 shows the rates of applica-
tion. In the fourth cropping cycle, a vegetable monoculture system (no tree
hedgerows) was established on the field adjacent to the agroforestry trial plot.
Using an identical experimental field design (RCBD) similar vegetable varie-
ties were randomly planted into four blocks. The vegetable crops received
three sources of compost fertilizer similar to that used in the agroforestry plot.
The two field trials (agroforestry and monoculture system) were treated inde-
pendently (scparate experiments). Thus, separate statistical analysis of data
was performed for each experiment.

Table 2. Nutrient content of compost materials applied on vegetable crops under VAF sys-
tem,

Compost Ingrcd—ucl;(s Nutrient content. (%) Organic
material N P,0s K0 component
(%)
I Rapetsoybeantcastort 4.0 3.0 2.0 80-92
sesame
Il Castor seed 40 1.2 1.2 90-94
Il Combination of I & 11 1.0 2.1 1.6 85-93

Sources: Compost I - Fu-Suo Company; Compost I1 - Chin-Chen Company.
2.4 Data collection

Data were collected from fruit trees and vegetable crops as follows:

- Tree crops — during the first and second year, data were collected on
survival and plant height.

119



- Vegetable crops — data were collected on plot yield and incidence of
pests and diseases.

- Tree-crop interactions — only visual observations were lz.iken on tree-
crop competition for soil moisture and light starting when fruit trees have
fully grown and developed full canopy.

- Beneficial insects — population of natural enemies was monitored on
selected tree species using sticky traps once in April 2007.

- Cost and returns analysis — performed for selected vegetables to de-
termine the economic benefits of vegetable-agroforestry system.

Table 3. Fate of compost application on vegetable crops grown under VAF system.

ﬁv.cgc'iéblc Coinposl I Compost 11 B (fo-mpost 11
N-P-K (kg/ha)  N-P-K (kg/ha) N-P-K (kg/ha)

Broccoli 203-152-101 203-61-61 311-163-124
Cauliflower 203-152-101 203-61-61 311-163-124
Chinese cabbage 182-137-91 182-55-55 293-154-117
Common cabbage 182-137-91 182-55-55 293-154-117
Cucumber 224-168-112 204-67-67 329-173-132
Hot pepper 203-152-101 203-61-61 311-163-124
Radish 182-137-191 182-55-55 293-154-117
Sweet pepper 203-152-101 203-61-61 311-163-124
Tomato 203-152-101 ~ 203-61-61 311-163-124

3. Results and Discussion

3.1 Tree establishment

Establishment and initial growth of tropical fruit trees v:.lricd according to
species. Among the 12 species, 9 had a 100 percent survival rate anfi three
species (R. mucosa, E. brasiliensis and A. I:elerop{zyllus) hz!d a mort‘ahly rate
ranging from 9 to 62 percent (Table 4). Some species were fast growing while
others were slow. The outstanding species in terms of establishment and
growth were Artocarpus heterophyllus, Chrysophyllum cqimito and Anona re-
ticulata. As shown in Figure 3, fast-growing tree species were R. mucosa
(Biriba), C. arabica (coffee), C. caimito (star apple), P. ca’imito (Abiu), S.
samarangense (Nam Pheung honey), 4. reticulata (Bullock’s heart), and E.
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uniflora (Surinam cherry). These trees attained plant height of 2 to 3 m four
years after planting (2008-2009).

Table 4. Plant survival rate of twelve tropical fruit tree species 3 years after establishment
in vegetable-agroforestry system. AVRDC, Taiwan.

Tree species No. of trees es- No. of living Plant
tablished (2005) trees (2008)  survival
- B = (%)
Psidium littorale 19 19 100
Eugenia uniflora 12 12 100
Syzgium samarangense 12 12 100
Anona reticulata 15 15 100
Tamarindus indica 10 10 100
Artocarpus heterophylius 11 10 91
Rollinia mucosa 8 3 38
Coffea arabica 13 13 100
Pouteria caimito 13 13 100
Chrysophyllum caimito 14 14 100
Pouteria campechiana 16 16 100
Eugenia brasiliensis 10 6 60

3.2 Vegetable yield as influenced by secies and compost application

Yield response of vegetables to compost (organic fertilizer) application
varied according to species. In trial 1, significant differences in yield between
compost types were observed in cucumber and eggplant, but not with lettuce,
sweet corn, and yard-long bean (Table 5). Yield of cucumber with combina-
tion fertilizer (Compost I11) was significantly higher than with single-source
compost (Compost I or II). For eggplant, yield was higher with castor seed-
compost (Compost IT). In trial 2, yield response was significant for all vegeta-
bles and generally marketable yields were higher in crops applied with Com-
post I and II than Compost IIT (Table 6). Yield of Chinese cabbage applied
with Compost I was twice that with Compost III. The yield response due to
application of Compost I is more evident in Chinese cabbage, common cab-
bage, cucumber, radish and tomato compared to broccoli, hot pepper, okra
and sweet pepper (Table 6).
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Table 5. Effect of compost organic fertilizers on marketable yield (Vha) of vegetable crops
grown under VAF system, Trial 1. AVRDC, 2006.

Organic Fertilizer — Compost'
Compost | Compost 11 Compost 111

Vegetable crop Mean
7 (RSCS) (CS) (RSCS+CS) -
Cucumber 19.0b 204b 25.1a 21.5
Eggplant 26.7b 39.1a 29.0b 31.6
Head lettuce 29a 3.1a 29a 29
Sweet corn 57a 6.7a 68a 6.4
Yard-longbean ~ 94a  95a  100a 96
" Mean 12.7 15.8 14.8

'RSCS = Rape sced +soybean+castor seed+sesame; CS = Castor sced

For each crop, means followed by common letters in the same row are not significantly different

(P=0.05). e

Table 6. Effect of compost organic fertilizers on yield (Vha) of vegetable crops grown un-

der VAF system, Trial 2. AVRDC, 2006, -
=  Organic Fertilizer — Compost'

Vegetablecrop ~ Compost]  Compostll  Compostill  Mean
(RSCS) (CS) (RSCS+CS)

Broccoi  129a  1l5a ~6.2b 10.2
Cauliflower Bolted Bolted Bolted -
Chinese cabbage 622a 56.0 a 344b 51.9
Common cabbage 268 a 28.8a 17.2b 243
Cucumber 56.1 a 60.9 a 40.7b 52.6
Hot pepper 17.5a 16.7 a 93b 14.5
Okra 11.5b 163 a 11.0b 12.9
Radish 384a 27.0b 184 ¢ 279
Sweet pepper 15.0a 13.0a 9.6b 12.5
Tomato 36.7a 30.5b 174¢ 28.2

Mecan 30.8 28.9 18.2

'RSCS = Rape sced+soybean+castor seed+sesame; CS = Castor seed
For each crop, means followed by common letters in the same row are not significantly different
(P=0.05).
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The results of the initial vegetable cropping indicated that vegetable
species respond to application of organic fertilizers (compost), and that varie-
ties within vegetable species significantly differ in marketable yield. Visual
observations showed no negative effect of tree hedgerows on associated vege-
table species in terms of growth and suggest that the integration of vegetable
crops in a vegetable-agroforestry system can provide quick economic returns.

3.3 Vegetable yields in monoculture and agroforestry systems

During the last two cropping seasons (fall-winter and winter-spring, 2008-
2009) five vegetable species including Chinese cabbage, cucumber, eggplant,
sweet pepper and tomato were grown in vegetable-agroforestry and monocul-
ture systems to determine the influence of tree hedgerows on marketable yield
when fruit trees were fully mature and have developed full canopies 4 years
after establishment. It was our objective to observe generally how yields in
agroforestry plots compare with yields in monoculture plots although com-
bined statistical analysis was not performed. Therefore, the comparison was
numerical rather than statistical. During the hot-dry season, the yield response
of vegetable crops grown in agroforestry system varied with species and va-
ricties. As shown in Table 7, marketable yields of Chinese cabbage, common
cabbage and cucumber were higher under the vegetable-agroforestry system
compared to monoculture. Greatest yield increase (+100.3%) was observed
with Chinese cabbage followed by cucumber (+20.7%) and common cabbage
(+8.9%). In contrast, marketable yiclds of eggplant and tomato decreased by
47%; for cggplant, yield was reduced by 53% in the vegetable-agroforestry
system.

Results obtained from trials conducted during the cool-dry scason
(2008-2009) also showed differences in marketable yield of vegetable species
as influenced by variety and cropping system (Table 8). For each vegetable
species, there were differences in marketable yield between varieties in both
cropping systems. In general, marketable yield of vegetables was reduced un-
der vegetable-agroforestry systems. However, for the same vegetable crop,
some varicties performed better (higher yield) than other varieties in the agro-
forestry system. For example, AVRDC tomato varietiecs WVCT-1 and
CLN3149 produced significantly higher yicld than ‘A Red Points’ under
agroforestry systems (Table 8). Likewise, cucumber varicty ‘Hun-Yun'
yielded significantly more than ‘Siu-Yan’ and ‘Ar-Shin.” Marketable yield of
Chinese cabbage variety ‘New King® was greater than ‘Yi-Hung’ and *‘Early
Autumn’ (Table 8).

The influence of tree hedgerows became more apparent during the
cool-dry season than the hot-dry season. Marketable yields of all vegetable
crops grown under a vegetable-agroforestry system were lower than in the
monoculture system (Table 8). Yield reduction was greatest with sweet pep-
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per (65%), followed by tomato (27%) and Chinese cabbage (20%). Cucumber
and eggplant were less affected by tree hedgerows with yield reduction of 1%
and 11%, respectively. Shading of vegetables by the associated tree crop was
considered a major factor in decreased yield, for vegetable crops received op-
timal irrigation and nutrient supply. As fruit trees reached maturity and devel-
oped a full canopy, competition for light, soil moisture and nutrients became
evident. With time and over the longer term, yield loss from vegetable crops
will be compensated by yield gain in fruit trees when trees start bearing fruit.
Indeed, some tree species started producing fruit in the third and fourth years
afier establishment.

Findings from this study support those reported previously: intercrop-
ping vegetables in tree hedgerows significantly reduced yield of intercropped
vegetables. The reduction can be attributed to negative tree-crop interaction
due to competition for light, water and nutrients in favor of trees (Palada et
al., 1992b, 2004a; Mercado et al., 2007, 2008a; Manurung et al., 2008). How-
ever, competition can be reversed into a positive tree-crop association result-
ing in higher complementarity and supplementarity indices as reported by
Mercado et al. (2007; 2008a,b). This can be achieved by using compatible
tree-crop combinations and tree spacing (tree line distance from vegetable
crops). The selection of vegetable species and varieties within species with
tolerance to shading and less sensitivity to soil moisture stress would improve
tree-crop complementation, resulting in increased yield.

3.4 Benefit-cost from vegetable production under vegetable-
agroforestry system

Cost and returns analyses were performed for each vegetable crop using the
average marketable yield across varieties and compost fertilizer treatments.
Yield data for the trial conducted during the cool dry season of 2008-2009
was used for this analysis. Data in Table 9 show that net returns werc higher
from vegetable crops grown in monocultures than in vegetable-agroforestry
systems. However, net retums from cucumber were negative for both crop-
ping systems. This can be attributed to low yiclds and high variable costs. In
general, variable cost for crops under the vegetable-agroforestry system was
slightly greater (mainly labor cost) than monoculture, resulting in lower net
returns: and negative net returns for sweet pepper and cucumber grown under
the vegetable-agroforestry system (Table 9). This shows that under vegetable-
agroforestry systems, some vegetables were more profitable to grow than oth-
ers and vegetable farmers should consider producing vegetable species that
fetch good market prices. This study shows that Chinesc cabbage, tomato and
eggplant can be grown profitably under a vegetable-agroforestry system after
2 years of fruit tree growth, but not profitably as in monoculture.
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Table 7. Marketable yield of vegetable crops i
ro
forestry systems. AVRDC, hot-dry sc:ason,p20§)8.wn SRR Y tle A

For each vegetable crop, means in columns with common letters are not significant (P=0.05) by LSD

:’:)gpelable Variety Monoculture VAF Variation
(t/ha) (t/ha) (%)
Chinese Chin-Ha T 275b ' S
g . 53.2b
cabbage  C.C.Top 374a 789 a
Day 55 243b 464 ¢
. ‘. _Mgﬂn 29.7 59.5 +100.3
Common Chu-Chu A 45a  476a :
cabbage Chu-Chu 404 a 45.9 a
Hau-Fun 43.6a 46‘3 a
Mean 42.8 46.6
‘ o o . +8.
Cucumber  Siiu-Yan 35.6a 457 a 2o
Si-Yi 292 b 41.8 ab
Ar-Shin 24.1¢ 37.7b
S i\Earn_ »__2_9.6 41.7 +20.7
Eggplant Pingtung Long 154.7 a - 846a
Harvest Long 1653 a 698 b
Market True 135.1a 59.1¢
~ - Mean 151.7 71.2 -53.1
Tomato Known-You 140.1 a 84.1a —
\“VVCT-I 2179a 87.2a
CLN3149 1456 a 95.2a
o Mean - 167.9 88.8 -47.1

3.5 Observations on inci ;
e ( incidence of insect pests, dise
s ases
enemies Peata, and natural

f,"vcncral visual observations were performed on the incidence of insect pests
in tree hedgerows and vegetable crops. Various inscct pests commonl alr':' k
ing vegetable crops were seen in all cropping cycles. Insect spccic); v';r?e(;
with the type and species of vegetable crops. Natural encmies (bcncﬁciz;l in-
sects) were present in both the tree hedgerows and intercropped vegetables
Because the vegetable-agroforestry system was a part of the organic %’cs‘carc;
farm, the use of biological and non-chemical methods of controllin v'in' t
pests encouraged the presence of beneficial insects. .

Natural enemies were sampled with yellow i i
p.laccd within the tree rows. Idcntiff)cation of nﬁtur(z)ll e::r(lili;h(::f ﬁi:lcc:(riet;a lc):
cies (Brazil chcrr)f, abiu, star apple, mafai and coffee) was conducted (Ta[t:lc
10). Nau.lral enemics found included orb web spinning spiders (Araneae: Ar.
neidae), jumping spiders (Araneae: Salticidae), other unidentified spidcn‘; anad-
at least three species of parasitic wasps (Hymenoptera), predatory Iadybir,d
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Table 8. Marketable yield of vegetable crops grown in monoculture and Vegetable Agro-
forestry systems. AVRDC, cool-dry season, 2008-2009.

Vegetable Variety Monoculture VAF Variation
crop (t/ha) (t/ha) (%)
Chinese Yi-Hung 438¢ 348¢
cabbage New King 77.6a 66.2a

Early Autumn 62.7b 46.0b

~ Mean 61.4 49. =20 B
Cucumber Hun-Yan 15.6a 128 a

Siu-Yan 75b 79b

Ar-Shin 5.0c¢ 7.1b

N _ Mean 9.4 9.3 -1

Eggplant Known-You 573a 48.3 a

Hua-Lang 55.1a 47.0a

Masu-Long 419b 41.5a

Mean 51.4 45.6 -11

Sweet pep-  Blue Star 199b 63b
per EVG103 24.1a 8.1a

Susan 1l6¢ 55b

o ~ Mean 18.5 66 -65
“Tomato A Red Points 7594 454¢
WVCT-1 745a 55.2b
CLN3149. 792 a 66.0 a
~ Mean 76.5 55.5 =27

For each vegetable crop, means in columns and rows with common letters are not significant (P=0.05)
by LSD.

beetles (Coleoptera: Coccinellidae) and ants (Hymenoptera: Formicidae).
Natural enemies were especially abundant on star apple and mafai. Due to
limited data, it is difficult to conclude other than that the addition of these five
tree species to vegetable agroecosystems would enhance natural enemy popu-
lations, which could increase levels of natural pest control on nearby vegeta-
bles.

3.6 Tree-crop competition

Based on visual observations tree-crop competition was not apparent during
the early establishment of trees and vegetable crops. Yields of vegetable
crops were comparable to yields obtained in the local area. Trees did not
compete with vegetables for environmental resources; however, competition
became obvious when the trees reached maturity and full canopies developed
3 years after establishment. Although quantitative measurement on tree-crop
competition was not performed in this study due to limited resources, it was
apparent that trees competed with vegetable crops for soil moisture, despite
regularly scheduled drip irrigation for vegetables. The greatest factor in tree-
crop competition was the amount of light received by intercropped vegeta-
bles. Shading of vegetables by tree hedgerows was apparent, especially for
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fast-growing tree species; mature tree hedgerows reduced the available light
for normal growth of vegetable crops. However, competition for soil nutrients
was not very apparent, and most vegetable crops did not show any symptoms
of nutrient deficiencies.

Table 9. Cost and returns from vegetable crops grown under monoculture and vegetable-
agroforestry systems. AVRDC, 2008. Note: NT = Taiwan Dollar.

~Vegetable crop Parameter Monoculture VAF System
“Chinese cabbage  Yield (kg/m’) 6.1 4.9
Price (NT$/kg) 249 249
Gross return (NT$/m’%) 151.9 122.0
Variable cost (NT$/m?) 25.4 26.8
Net return (NT$/m’) 126.5 95.2
B/C ratio 4.98 3.55
Cucumber Yield (kg/m’) ' 0.9 0.9
Price (NTS/kg) 33.2 33.2
Gross return (NT$/m?) 29.9 29.9
Variable cost (NT$/m?) 33.5 355
Net return (NT$/m?) 3.6 5.6
B/C ratio -0.11 -0.16
Eggplant Yield (kg/m’) | 46 -
Price (NTS/kg) 249 249
Gross return (NTS/m’) 127.0 112.6
Variable cost (NT$/m’) 62.3 64.3
Net return (NT$/m’) 64.7 483
B/C ratio 1.04 0.75
“Tomato  Yield (kg/m?) 7.7 5.6
Price (NTS/kg) 32.6 32.6
Gross return (NTS/m?) 227.2 164.8
Variable cost (NTS$/m?) 62.1 64.0
Net return (NT$/m’) 165.1 100.8
B/C ratio 2.66 1.58
~ Sweet pepper Yield (kg/m’) o 19 0.7
Price (NTS$/kg) 444 444
Gross return (NT$/m?) 84.4 31.1
Variable cost (NT$/m?) 32.6 34.4
Net return (NT$/m?) 51.8 -33
B/C ratio 1.59 -0.09
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4. Summary and Conclusions

This is the first study that integrates vegetable crops into agroforestry systems
at AVRDC — The World Vegetable Center. The study has demonstrated the
technical and economic feasibility of vegetable-agroforestry systems (VAF)
in which vegetable and tree crop associations can contribute to improving to-
tal economic returns from the combined revenues of high-value horticultural
crops. It was shown that at the carly stage of tree establishment, tree-crop
competition did not influence economic yield of mlcrcropped‘vegetables'. _As
the trees became fully mature and developed dense canopies, the competition
with vegetable crops for light, soil moisture, and nutrients was apparent.
However, decreases in yields varied with vegetable crop species and varieties.
Marketable yields of the more sensitive vegetable crops such as sweet pepper
and tomato were reduced under vegetable-agroforestry systems, regardless of
cropping scason. In the hot dry scason, vegetable-agroforestry systems I‘x
vored growth and yield of Chinese cabbage, cucumber and cggplzm_l. with
greater yiclds than those obtained under monoculture. However, during the
last cropping cycle (cool-dry season), yields of all vegetable crops were lower
in agroforestry systems than in monoculture systems. Sweet pepper and to-
mato resulted in greatest yield reduction. )
Table 10. Natural enemies caught on sticky traps on five tree species at AVRDC Head-
quarters, Shanhua, Taiwan on 16 April 2007,

[ Sticky | Onb Jumping | Other Parasitic | Parasitic Other | Predatory | Ams®
Tree Trap T web spiders? | spiders’ | Wasp Wasp parasitic Lady
| Species | color Spiniing Species S;lw:cncs Wasp® bud )
g spiders’ At B® Beetles’
[Brazil | Yellow | 4 I
| Chery | White 1 4 1 '
Abiu Yellow 1 1 1 1 |
White 1| N N - o
Star Yellow 2 1 s 3 ' 3 3
apple White 2 | I - U — . N
Mafai | Yellow | 1 |2 8 11 3 3
White 1 2 s - - 2 1 1 i S S
Coffee | Yellow B o 3 S 2
L_ White 1 4 e o o 1 )

enl . sonidae: *Hv! .
' Araneac: Araneidac; *Arancae:Salticidae; *Arancae; ‘Hymenoptera:Braconidae; *Hymenoptera;
“Hymenoptera; 'Coleoptera:Coccinellidae; *Hymenoptera:Formicidac,

Although some vegetable species performed poorly under the system,
economic assessment may show positive returns, which are attributed to their
high market prices. Positive benefit-cost (B/C) ratios were obtained from Chi-
nese cabbage, tomato, and eggplant, whereas cucumber and sweet pepper
showed negative B/C ratios. Thus, under a vegetable-agroforestry system
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some vegetable species are more profitable to grow than others, and vegetable
farmers should consider sclecting and producing vegetables that are better
adapted and could fetch good market prices. Lastly, yield loss in vegetable
crops due to negative tree-crop associations can be compensated in the long
term by harvesting and marketing fruits produced by fruit trees in a vegeta-
ble-agroforestry system. Combined production of high-value crops eventually
will contribute to increased economic returns and sustainability of the vegeta-
ble-agroforestry system,

Besides the level of total income, the shorter time period before returns
accrue from vegetable agroforestry compared to monoculture trees is very
critical for livelihoods of small-scale farmers adopting such agroforestry sys-
tem (VAF). This is because a typical small-scale farmer in a developing coun-
try cannot wait very long before getting returns from tree crops, as commonly
seen in most of the on-farm tree plantation systems. Thus, with suitable com-
binations of vegetable species within an agroforestry system (VAF), we can
address one of the leading shortcomings and barriers of commonly observed
agroforestry system of farming, so that smallholder farmers can maximize
their benefits from adopting vegetable agroforestry. Because they are of
shorter duration than cereals and other crops, vegetables have an obvious ad-
vantage in this system over other crops. In addition, vegetables are more
flexible in terms of cropping patterns in the tree systems than many of the ce-
reals, hence with proper cropping plan, vegetable-agroforestry like farming
system has high potential to enhance adoption of agroforestry system by
many small-scale farmers in the developing countries.

Acknowledgments

This project was made possible and successful through the support of the
USAID-funded project on Sustainable Agriculture and Natural Resource
Management Program Collaborative Rescarch Support Project (SANREM
CRSP). The authors are grateful to Dr. C.R. Yen, Professor of Pomology, Na-
tional Pingtung University of Science and Technology, Pingtung, Taiwan for
his support in providing seedlings of tropical fruit tree species.

References

Chen, Y.S., B.T. Kang and F.E. Caveness. 1989, Alley cropping vegetable crops with
Leucaena in Southern Nigeria. HortScience, 24: 839-840.

Manurung, G., A.D. Susila, J. Roshetko and M.C. Palada. 2008. Findings and Chal-
lenges: Can vegetables be productive under tree shade managemeit in West Java?
Technical Report, SANREM TMPEGS, Indonesia. 17 pp.

Mereado, A.R. 2007. Nitrogen facilitation and competition in timber-trec-maize agrofor-
estry systems. Potential of Timber Based Hedgerow Intercropping for Smallholder
Agroforestry on Degraded Soils in the Humid Tropics of Southeast Asia. World

129



Agroforestry Center. Southeast Asia Regional Research Program.

Mercado, A.R., G. Arcinal, C. Duque, M. Palada and M. Reyes. 2008a. Vegetable
agroforestry (VAF) System: Understanding vegetable-tree interaction is a key to
successful vegetable farming in the uplands of Southeast Asia. Technical Report,
SANREM TMPEGS, Philippines, 36 pp.

Mercado, A.R., G. Arcinal, C. Duque, M. Palada and M. Reyes. 2008b. Enhancing
production and environmental functions of commercial vegetables through
vegetable agroforestry system. Technical Report, SANREM TMPEGS, Philippi-
nes, 22 pp.

Nair, P.K.R. 1993. An Introduction to Agroforestry. Kluwer Academic Publishers. Dor-
drecht. The Netherlands. 499 pp.

Palada, M.C., B.T. Kang and S.L. Claassen. 1992a. Effect of alley cropping with Leu-
cacna leucocephala and fertilizer application on yicld of vegetable crops. Agrofor-
estry Systems, 19: 139-147.

Palada, M.C., S.M. Crossman and C.D. Collingwood. 1992b. Effects of pigeon pea
hedgerows on soil water and yield of intercropped pepper under drip irrigation,
Proc. Caribbean Food Crops Soc., 28: 517-532.

Palada, M.C., S.M.A. Crossman and J.J. O’Donnell. 2004a. Intcgrating high value hor-
ticultural crops into agroforestry systems in the tropics with focus on alley crop-
ping. Proc. Symposium on Celebrating Minority Professionals 1 Forestry and Natu-
ral Resources Conservation, Florida A&M University, Tallahassee, Florida, U.S.A.
22 pp.

Palada, M.C., B.N. Becker and J.M. Mitchell. 2004b. Growth and yield of hot pepper in
hedgerow intercropping with Morinda (Morinda citrifolia 1..) during carly estab- -
lishment. Proc. Caribbean Food Crops Soc., 40: 22-28,

Palada, M.C., J.M. Mitchell, B.N. Becker and P.K.R. Nair. 2005. The integration of
medicinal plants and culinary herbs in agroforestry systems for the Caribbean: A
study in the U.S. Virgin Islands. Acta Hort., 676: 147-153.

Rao, M.R., M.C. Palada and B.N. Becker. 2004. Medicinal and aromatic plants in agro-
forestry systems. Agroforestry Systems, 61: 107-122.

130



