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Abstract

When cassava is intercropped with legumes the eassat yield generally decreases compared wittnaassava is
planted alone. This is due to the competition efdbmponent crops for light, water and nutrientsweler,
cassava-legume intercropping systems usuallyaseréhe land use efficiency and economic returnsnlely cassava.
Because of the current low market price for cassaets, dual-purpose production of cassava for bmthand fodder
should be developed. Cassava hay is a good fodddairy cows, and legume crops, such as cowpepearnlt whose
residues also provide good fodder for livestock, loa intercropped with cassava.

When cowpea was row and strip intercropped wits&as, it produced fodder yields of 1.7 to 2.4 teasflepending on
the cowpea cultivar. Cowpea seeds and young gasngre eaten by humans. A food-feed system based o
cassava-cowpea strip intercropping has been sticltgsieveloped by dairy farmers in Mahasarakhaavince in
Northeast Thailand. Peanuts and mungbean arehédgepotential legume crops for food-feed systeongairy farmers.
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I ntroduction

The Northeast region of Thailand is consideredadhe largest producer of cassaviafihot esculenta
Crantz) in the country. This crop has been recaghas one of the most important cash crops after
sugarcane. A sole crop of cassava, which in thi¢exd may be considered a long-season crop, ddes no
efficiently use the available light, water and merts during its early growth stages due to itsvslutial
development. Thus a short-duration second cropbmagter-planted to make more efficient use oféhes
growth factors. The legume crops have been coresiiderbe suitable crops for use in intercropping
systems with cassava. They could possibly be usadproving soil fertility through their root nitgen
fixation and crop residues (Ashokan et al 1985)tl@nother hand, legumes can be used as fodderewhe
green material is used for grazing or, more comganit and mixed with dry cereals for stall feeding
(Tarawali et al 1997). This paper reviews cassagathes inter-cropping systems in the context of/tjro
and yield, agronomic advantages for human foodfedder crops. Nutrient removal from soil, land use
efficiency and economic returns are also discussed.

Climate and soil

Approximately 80 percent of the 20 million peopieNortheast Thailand are engaged in agriculturgytoth more
than 80 percent are heavily dependent upon raiadedulture. Although the region has an averageialrainfall
greater than 1,200 mm, the seasonal distributipwas, as almost all of the rainfall falls from Algo October. The
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date of onset of the rainy season, and the quanycontinuity of rainfall at the beginning of tfzny season vary
considerably from year to year, and the end ofdlney season also varies. In addition there is liysaalry period
occurring in June or July (Polthanee and Marter6).98

Another important constraint is soil quality. Thare 35 different soil types in Northeast Thailaat,

with the exception of some upland limestone arnesy, are derived from sandstone, shale or siltestord

are therefore inherently low in phosphorus, calcamd magnesium and have extremely low organic matte
and cation-exchange capacity (Craig and Pison 1988)efore, the lowest per capita income is fountthim
region of the country due to the instability in tldén-fed farming system, poor soil quality, anetfuation in market
demand and price for the major crops of rice, casssugarcane, kenaf and maize.

Cassava and rice-based far ming systems

Cassava adapts to a wide range of ecological dondiand is known for its tolerance to droughtalh
grow in areas with as little as 750 mm rainfall pear and it survives in areas with dry periodS &b 6
months (Cock 1984). Cassava grows remarkably wefiaor soils and will grow on extremely acid soils
and give reasonable yields when most other cropddaeither fail or give very poor yields (Cock and
Howeler 1978). The requirements for K, N and Gasamilar to those for growth of other crops, binew
the supply to these nutrients is limited, growtheiduced less than in most crops (Edwards et al)197
Therefore, cassava is usually suitable for groviintipe unfavorable environments of Northeastern
Thailand and other similar areas. The farmers lyssal that cassava serves as the security cribgeifarm.
In addition, the period of planting, weeding andvieating for cassava do not compete with rice catibn,
which is the most important crop in Northeast Tdvadl (Figure 1). This indicates that a rice-basedifag
system that includes cassava results in bettergnald farm labor distribution.

Typeof land Feb [Mar [Apr [May [Jun [Jul [Aug [Sept | Oct [ Nov | Dec | Jan
Upland field | | Cassava planting and weeding

Paddy field | | Rice transplanting and weeding
Paddy field Rice harvesting |

Upland field | Cassava harvesting

Figure 1. Seasonal distribution of labor for a farmer c@timg upland and paddy fields

Cassava and sail fertility

Cassava cultivation for several years usually tesala decline in soil fertility. This is due tb)(wide spacing, slow
development of soil cover in the first three torfownths, traditional soil tillage and clean wegdimmactices at the
onset of the rainy season, which can result in bahlosses, (2) the above-ground part of thetp&anot
reincorporated into the soil (as the stem is digeglanting material), (3) no-root residues remaithe soil (the
root is removed and sold), (4) short turn arounettior soil recovery (long growth duration) and f&@mers apply
small amounts of fertilizer.

Polthanee et al (1998) determined nutrient balafmreke cassava system under farmer managemef asi
crop-cut study procedure. The results show thaaldrizes were slightly negative, P balances sligiasitive, but K
balances were highly negative (Table 1).
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Table 1. Nutrient balances for the cassava systems at Rakglop village

Amount (kg/ha)
N P K

Compound fertilizer (15-15-15) 28.1 12.2 23.3
Rainfall 2.21 1.72 1.03
Planting material 0.95 0.08 0.74

Total inputs + 312 +14.0 +25.1
Cassava roots 28.5 4.31 55.
Cassava stems 15.5 1.33 12.0

Total outputs -44.1 -5.64 -67.5
Balance -12.8 +8.43 -42.3

Adapted from Polthanee et al (1998)

I nter-cropping systems

Inter-cropping is usually defined as growing twanaore crops simultaneously on the same field (Andrand
Kassam 1976). Inter-cropping can be practicedun ftiferent ways (Andrews and Kassam 1976):

e Mixed inter-cropping — the simultaneous growingweb or more crop species in an irregular arrangémen
i.e. without a well-defined planting pattern.

e Row inter-cropping — the simultaneous growing o twv more crop species in a well-defined row
arrangement.

e Strip inter-cropping — the simultaneous growingvad or more crop species in strips wide enoughltwva
independent cultivation but, at the same time,i@afitly narrow to induce crop interactions.

e Relay inter-cropping — planting one or more crojibiw an established crop in a way that the finage of
the first crop coincides with the initial developmhef the other crops.

An advantage commonly claimed for intercroppingays is that they offer greater yield stabilityrifsmle cropping
(Baker1980; Rao and Willey 1980; Rao and Morgad®4) 9For subsistence farmers, greater stabilitieén
production of food crops in inter-cropping systasparticularly meaningful, since this charactecisf the
production system tends to better insure theirassbility and substantially reduces the risk ¢dkarop loss. There
is evidence that some combinations may suffenjiesd reduction than sole crops in the event ofstuoe stress
(Natarajan and Willey 1986). Some intercropping lemations have been shown to reduce the incidenseverity
of pest and disease attack compared with sole Trggpltieri and Liebman 1986).

Inter-cropping systems often result in better lasd efficiencies than do sole cropping systems aa@aisually
associated with greater production of total drytergiNatarajan and Willey 1980 a, 1980b; Sivakuarad Virmani
1980). Land use efficiency in general was deterchimecalculating the land equivalent ratio outliyeMead and
Willey (1980). The monetary returns per ha are egpbly higher under intercropping systems, amdamly due to
the higher value of intercrops (Prabhakar et ab)99

Cassava-cowpea inter-cropping

Cowpea Yigna unguiculata L.) is a drought tolerant crop and better adaptextidic soils, similar to cassava.
There seems to be a good compatibility of the twep£ growing in the environment of Northeasternilaina.
Polthanee (unpublished data) carried out a studyassava intercropped with two cowpea cultivarsliibu
plant type, climbing plant type) at the experiméfdaem of Khon Kaen university. Cassava root yiedas!
dry weight per storage root were significantly ughced by inter-cropping. Cassava inter-croppel wit
cowpea decreased root yield by 11 to 17% (Table 2).

Table 2. Yield and yield components of cassava in cassawg&a inter-cropping and sole
cropping systems.
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Cropping system Root dry weight  Roots Dry weight

(t/ha) per plant (no.) per root ()
Sole cassava 19. A 9.3 125.8
Cassava+cowpea (B) 17.@b 9.7 114.8
Cassavat+cowpea (C) 15 ¢ 9.3 1102
F-test * NS *
* = gignificant at 5% level; NS= not significant. B = bush plant type; C = climbing plant
type

Cowpea seed yields and yield components werefsignily influenced by inter-cropping. The highest
seed yield was produced when cassava was intepedopith the climbing plant type cowpea cultivar
(Table 3).

Table 3. Yield and yield components of cowpea in cassavespea inter-croppingnd sole
cropping systems

Cropping system Seed yield Pods per Seeds per 100-seed

(kg/ha) plant (No) pod (No) weight (g)
Sole cowpea (B) 1,948 24.9F 13.8 14.8
Sole cowpea (C) 2,507 34.72 16.62 10.9
Cassava + cowpea (B) 1,68F 18.6 12.8 15.2
Cassava + cowpea (C) 2.427 30.6 16.4 10.1°
F-test *% *% *k *%

** = ggnificant at 1% level; B= Bush plant type ; C= climbing plant type

Cowpea cultivar C (climbing plant type, long growdiration) and cowpea cultivar B ( bush plant tygieyrt growth
duration) when inter-cropped in the cassava rowdywred dry-matter yields (fodder yield) at hara#s?.4 and 1.7
t/ha, respectively.

Land use efficiency and economic returns

Cassava-cowpea inter-cropping increases the laméftisiency by 72-76% over sole cropping. In
economic terms, cassava-cowpea inter-croppinggage higher net returns over sole cropping (Tahle 4

Table 4. Gross return, material cost and net return ofaassowpea inter-cropping and sole cropping systems

Grossreturn (baht/ha) Material cost N(Etar:t(jthu;)n
Cropping system Cassava Cowpea Cassava Cowpea
Sole cassava 27,750 - 4,594 - 23,156
Sole cowpea (B) - 15,568 - 2,581 12,987
Sole cowpea (C) - 20,776 - 2,581 18,195
Cassava + cowpea (B) 23,250 13,448 4,594 2,581 29,523
Cassava + cowpea (C) 21,750 19,416 4,594 2,581 33,991

B= Bush plant type ; C= climbing plant type

Okoli (1996) assessed the effect of inter-cropjpiimge cassava genotypes, of different plant arpketyith cowpea,
having different growth habits and maturity regimeser-cropping with cowpea reduced dry matteldyand
number of cassava roots significantly. Inter-cragmassava had no effect on cowpea yield and iseddand use
efficiency by 42-70%. Inter-cropping with cowpeaueed cassava yield by 14 to 24% (Mason et al 1)%&86®H 19
to 38% (Mason and Leihner 1988). However, inteipping cassava with cowpea resulted in 20 to 1008atgr
land use efficiency than for either crop grown al@eihner 1983). Other studies indicated thatintepping
cassava with cowpea increased land use efficien@8kb6% ( Mason et al 1986a).
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The climbing plant type cowpea cultivar with longgth duration had higher nutrient uptake than tiat
the bush plant type cowpea cultivar with shorwgtoduration (Table 5). Considering nutrient baksc
(gain by incorporated crop residue into the soil moval by seed yields), the two cowpea cultivatse
inter-cropping system added nutrients to thewb#&n the crop residues were incorporated into dlile s
(Table 5).

Table 5. Nutrient uptake of the crop residue (stem+leaf) aeed yield of cowpea at harvest in cassava-cowpea
intercropping stems.

Cowpea N (kg/ha)* | ] P (kg/ha) | K (kg/ha)

cultivar Crop Seed | Balance | Crop Seed | Balance | Crop Seed | Balance
residue residue residue

Bush type +43.2 -26.2 +17.0 +12.9 -6.4 +6.5 +49.1 272  .921

Climbing +80.0 -52.7 +27.3 +17.9 -9.5 +8.4 +96.7 -39.6 +57.1

type

* Not including N-fixing by roots

Mason et al (1986¢c) reported that cassava-cowpeadropping removed 15.5, 2.1 and 14.32gd1!rN, P and K,

while sole cassava removed 11.2, 1.7 and 10.% ofm, P and K, respectively. In this experimeng tbdder
yields (crop residue) would provide crude proteeids of 238 and 336 kg/ha for the bush type amabahg type
cowpea cultivars, respectively.

The planting of strips of component crops has bksen attempted in farmers in dairy farms in
Mahasarakham Province, with strips of cassavau@)planted with strips of cowpea (4 rows) in ortter
increase the cassava fodder yields (cassava htyrlese spacing (50x25 cm). The fodder yield idels
residues from both green cassava and cowpea.\@gssaluced a mean fodder yield of 2.9 t/hal/year (3
cuttings). At the same time the cowpea KVC-7 galti which has green pods that are preferred by
humans, was also introduced to the system. Cowmetuped fodder yields (crop residue) of 1.9 t/harye
and green pod yields of 18.9 t/halyear (2 cycEs)imates of the nutritive value of fodder incldd@o of
dry matter): crude protein 14.2, NDF 50.9, ADF 3ABL 6.4 and total ash 17.2.

Trials on fodder varieties of cowpea under intexpging gave fodder yields of 431 to 2,292 kg/sangh
et al 1994). Dry matter yields can be positivelyoasated with days to flower, and the longer thgetative
period, the more forage was produced (Tyagi e®@B). Relwani et al (1970) reported the nutritive valfie o
cowpea haulms (% dry matter basis): ether extr&& @ 3.25, crude fiber 18.7 to 28.0, N-free extt@?.1 to 50.8,
total ash 10.1 to 12.9% and crude protein 16.5td.ZRelwani (1970) recommended the use of cowpea i
combination with cereals and other crops in amsite scheme for lactating cows, to maintain mitds of 5
litres/cow/day.The KVC-7 cultivar developed by the Department gf@gnomy, Faculty of Agriculture,
Khon Kaen University, provides young green pods #n@ a nutritious food for humans. In general the
people in the Northeast of Thailand prefer to useng green pods in a salad “ Som Tam”.

Cassava-peanut inter-cropping

Peanut Arachis hypogaea L.) is a drought tolerant crop and is therefore silet#o intercrop with cassava in
Northeast Thailand. Polthanee et al (1998) repdhatcassava root yield and yield components wéteenced by
inter-cropping. The maximum root yield was obtaimdten cassava was inter-cropped with 1 row of pe@rable
6).

Table 6. Cassava yield and yield components as influencqeebput inter-cropping

Cropping system Root yield Roots per Fresh weight
(t/ha) plant (no.) per root ()
Sole cassava 20 # 11.2 197.%
Cassava (100x 100cm) + P1 o5 A 12.4 203.2
Cassava (100x50cm) + P2 18.8 9.8 191.8
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Cassava (200x50 cm) + P3 15.7 9.5 169.5
F-test ** Ns *

* = gignificant at 5%; ** = significant at 1%; NS= not significantP1= peanut 1 row (plant
density ; 87,500 plants/ha); P2= peanut 2 row (plant density ; 37,500 plants’ha); P3= peanut
3 row (plant density ; 37,500 plants'ha)

Peanut seed yield and pod number per plant wezetaff by cassava inter-cropping. The highest sieddl y
was obtained with cassava inter-cropped with 1@bpeanuts at the highest plant density.

Table 7. Peanut seed yield and yield components as infeetbyg cassava-peanut
intercropping

Cropping system Seed yield Pods/ plant Seeds/ pod
(t/ha) (no.) (no.)
Sole peanut 1.96 21.8 1.80
Cassava (100x100) +P1 1.668 16.9° 1.73
Cassava (200x50) + P2 112 20.F 1.73
Cassava (200x50) +P3 118 20.F 1.70
F-Test * * NS

* = Ggnificant at 5%; NS= not significant; P1 = Peanut 1 row; P2 = Peanut 2 rows; P3
= Peanut 3 rows

Cassava-peanut inter-cropping increased the laaefiiciency by 30 to 98% over sole cropping arnigased the
net return by 3,431-11,950 baht/ha over sole casSeable 8)

Table 8. Gross return , material cost and net return &f saksava and cassava- peanut Inter-cropping
systems (bath/ha)

Grossreturn | Material cost | Net return
Cropping system Cassava Peanut Cassava Peanut
Sole cassava 16,575 - 4,063 - 12,513
Cassava (100x100)+ PpL 18,900 16,563 4,063 6,938 24,463
Cassava (200x50) + P4 14,113 11,250 4,063 3,781 15,944
Cassava (200x50)+ P3 12,038 11,750 4,063 3,781 15,944

P1 = Peanut 1 row; P2 = Peanut 2 rows; P3 = P&araws

Cassava with a plant spacing of 100x100 cm intepjmed with 1 row of peanut gave the highest nutugtake
(Table 9). Regarding nutrient balances (gain bgriporated crop residues into the soil minus rembyadeed
yields), N and P showed negative values, while éivdd positive values.

Table 9. Nutrient uptake of the crop residues and seed yiEpeanut at harvest in cassava-peanut infgpang systems

N (kg/ha)* | | P (kg/ha) | K (kg/ha)

Crop Pod Balance | Crop Pod Balance Crop Pod Balance

residue residue residue
Intercropping pattern
Cassava (100x100 +30.9 -45.8 -14.9 +1.4 -2.75 -1.35 +17.1 -13.1 +4.03
cm)+P1
Cassava (200x50cm) + | +11.9 -26.7 -14.8 +0.54 -1.63 -1.08 +7.44 -7.03 +0.41
P2
Cassava (200x50cm)+PB  +14.8 -27.9 -13.1 +0.67 -1.68 -0.96 | +8.56 -7.63 +0.93

* Not including N- fixing by roots;, P1 = Peanut 1 row; P2 = Peanut 2 rows; P3= peanut 3 rows

Peanuts for fodder and human food
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After the pods have been removed from the stenredidues provide good fodder for livestock. Irs texperiment,
crude protein yields from fodder were 74 to 19%kgKotchasatit (1999) reported that peanut gefeeder yield
of 0.9to 1.7 t/ha in cassava — peanut inter-drappvith a crude protein yield of 66.4 to 129 kay/h

Peanuts are most commonly grown for their edibdelsewhich are often boiled for home consumptidreifTprotein
content ranges from 17.9 to 25.1% on a dry weighid(Kotchasatit 1999).

Cassava-mungbean inter-cropping

Polthanee and Kotchasatit (1999) reported thadl gigtl yield components of cassava were not afféxted
inter-cropping patterns. Cassava-mungbean intgrpang increased the land use efficiency by 66%7%h &s

compared with sole cropping. Mungbean seed yieldpanals per plant were affected by the inter-croppiattern,
but there were no effects on grains per pod an@ §@8in weights (Table 10).

Table 10. Yield and yield components of mungbean as infludrimeinter-cropping pattern

Seed yield Pods per plant Seeds per pod 1000 grain weight
(kg/ha) (no.) (no.) 9

Cassava (100x100 cm)+ M1 411.3 18.5 10.5 55.8
Cassava (100x50cm) + M2 640.0 135 9.7 58.5
Cassava (200x50cm) + M3 545.0 15.3 12.3 59.3
Cassava (200x50cm) + M4 712.7 14.4 11.5 59.6
Sole mungbean 737.3 15.3 11.0 58.8
LSD (.05) 90.2 3.6 NS NS

M1= 1 row of mungbean ; M2= 2 rows ; M3= 3 rows, M4= 4 rows of mungbean in between rows of cassava

plants

With regard to the total amount of soil nutriergken up by both cassava and mungbean plants, the
amounts of nitrogen (N), phosphorus (P), and pataséK) taken up by the plants in all inter-cropgin
patterns and sole crop of cassava were simildhisnstudy, N and K were removed to a greater éxteam
P (Table 11).

Table 11. Comparison between cassava sole crop and intepicr@pattern (whole
plants of cassava plus mungbean) on nutrient (NBipval from soil

N (kg/ha) P (kg/ha) K (kg/ha)
Inter cropping
Cassava (100x100 cm)+M1 194.7 5.9 120.3
Cassava (100x50cm) + M2 201.3 6.2 115.6
Cassava (200x50cm)+M3 206.8 6.3 115.9
Cassava (200x50cm)+M4 224.0 7.1 124.9
Sole cassava 190.8 4.9 111.6
L SD (0.05) NS NS NS

Mungbean as fodder and human food

After the pods are removed from the stem, cromlues provide good fodder for livestock. In thisdgtufodder yield
(crop residue) and crude protein yield were 715&g6 2,080 kg/ha and 75 kg/ha to 217 kg/ha, réspsc(Table

12).

Table 12. Fodder yield and crude protein yield of mungbeam#isenced by
cassava-mungbean inter-cropping
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Fodder yield Crude protein
(kg/ha) yield (kg/ha)
Inter cropping
Cassava (100x100 cm) + M1 715 75
Cassava (100x50cm) + M2 2,080 217
Cassava (200x50cm) + M3 1,540 161
Cassava (200x50cm) + M4 1,133 118

Mungbeans are grown most commonly for their edibleds, which are often boiled for home consumpfibeir
protein content has been reported to be 15.4%yofvdight (Polthanee and Kotchasatit 1999).

I mplications for Research

When cassava is intercropped with grain legumesctbp residues could be incorporated into theteoil
maintain soil fertility after harvest. In case @ing crop residues as a fodder crop, nutrientserctop
residues would not be returned into the soil. Tiaefice of using animal manure as fertilizer thaus i
significant in efficiently recycling nutrients witlhthe farm system. Tawil (1997) reported that coanure
consists of N (0.3 to 0.8%)285 (0.3 to 0.5%) and $O (0.2 to 0.5%) on a dry weight basis. Future
research into nutrient balance analysis with apgiboy of animal manure to the cassava-legumes
intercropping system should be investigated. Furtiore, more research is needed concerning theas®pm
produced from the inter-cropped cassava-legumesragsn terms of seasonal availability, quality and
feeding value for livestock.
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