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Abstract :  Studies were conducted at Kundasale and Peradeniva to assess the
agronomic and economic poteatial of some locally imporiant cercal-legume intercrop
Total yield of the waize-soyabean intercrop increased although the yield of
the component crops tended o be depressed.  Maize-cowpea and maize-mung bean
crap conibinations appeared to be corapatible.  Land Bguivalent Ratio (LER) and
gross economic returins were ncreased by intercropping.  The net protein utilization
vilue of the intercrow systems were higher, Figl

Blighting e importance of such systems
for the subsistence level farmers in developing countries.

1. Istroduction

Regults of preliminary studies on intercrepping indicated that cereal-legume inter-
aapped systenis are superior tononocropped systemns.® Intercropping with com-
patible crop cowbinations incrensed boih totsl economic yields as well as gross
COONOMIC returs providing for more efficient utilization of N, land and other
inputs,  Cereal-logume intercrop  systems » (0 enhance net protein
utilization value of the system, bighlighting the boportance of such management
practices for incroasing the nuteitional intake of subsistence level |

&) o

anpe

farming familics
i developing countrics. In view of the preliminary findings, studies on inter-
eloped to evaluate the yielids and ceonomics of intercropping
against their respective monocrop systeros.

cropping were further
cereal crops with legume

2. Miatevials and MWlethods

B expariments we

conducted iy 1976/77 with three trials eoch at the University
Farmg, M undasale and Peradeniya.  Fhe elevation of the locations were approximately
450 m. The rainfull during the experimental period varied widely between focations,
ranging from 256 mm at Kundasale {6 2516 yum at Peradeniya.  The rainfall received

during experimen also showed  considerable variation and the crops were
supplementally irvigated as ne

e gi B

Augmented design®®’ was used to include several cercal-legurme intercrop systems
having a local potential i the study. 3Six ireatments replicated three times formed
the main experiment, wihile others were augmented or unreplicated.  Replicated treat-
ments consisting of maize (Zea mays L.)—soyabean (Glycine max (L) Merr.) intercrop
system was included to systematically vary the row-intercrop species between locations
for comparing the trends of treatments. 'The selection of maize (Var. Thai composite)
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as the row crop and soyabean(Var. S.J. 2) as the legume in the main experiment was
based on their performance in previous intercropping studies.®  In the augmented
intercrop combinations, four locally grown legumes were intercr opped with maize to
identify compatible intercrop sysiems and to observe general trends. Maize (Var.
Thai Composite) was used as the row crop as it has been found to be compatible with
most legumes.’  Maize-cowpea (Vigna unguiculata L.y (Var. Mi 35) and maize-mung-
bean (Vigna radiata 1..) (Var. Mk 1) intercrop systems were also selected based on
previous experimentation® while maize-groundnut (Arachis hypogaea L.) (Var. A 92)
and maize-dwarf bean (Phaseolus vulgaris L.) (Var. Wade) intercrops were assumed
to have potential for the mid-country wet zone.

Maize- soyabean intercrop system and the monocrop system was tested at three
levels of IN. - N levels selected were .25 and 50 kg/ha, the highest lovel being the
locally recommended rate for the row crop. Mono and intercr op systems weie
compared at O and 25 kg/ha only,  The recommended i (50 kg/ha) applied to the
row crop was used as a control treatment. N was band applied adjacent to the Tow
crop. N was not applied to any of the other legumes grown In the augmented treat-
ments. Al plots received blanket applications of 56 kg 1,0, and K,O/ha respec
tively and other cultural practices uniformly as per local recommendations. [baize
was spaced 100 X 50 em, while intercrop spacings were soyabean and mungbean
50 %5 cm, and cowpea and groundnut 50 x 10 cm.  Soybean seeds were inoculated
with the commercial inoculant “Nitragin 5 at 5 g per 60 kg of sced.  §t was assuracd
that indigenous rhizobia would be adequate to inoculaie other legumes, as a commet-
cial inoculant was not available. Both row and legume crops werce planted at the
same time.

3. Results and Discussion
The mean grain yields of maize and soyabean for both locations are given jn Table ]

3.4 Vield of Maize—i.  Effect of N—-Whether inte: eropped or nat, maize showed a
positive response to N. In both locations, under the monocr op systein, yield in uusﬂd
in the zevo and 25 kg N levels, the differences b being siguificant in Kundasale (2) anc
(3); Peradeniya (4) and (5). The yields however varied widels , frem 0.35 L/La n

cradendya (4) to 3.11 t/ha in Kandasale (1) with zero N, and from 1.72 t/ha in
Peradeniya (5) to 3.69 t/ha in Kundasale (3) with 25 kg N, The yield differences
between 25 and 50 kg N were significant in 3 locations @ Kundasale (3), Peradeniya
(4) and (5). The highest yield at the 50 kg N/ha recoramended lovel of N was
reported in Kundasale (3) (4.87 t/ha) and lowest for Feradeniya. (6) (7 4 t/hay.  Under
mtercropping yield differences between zero and 25 kg N were significant in 5
cases, Kundasale (1), (2) and (3), Peradeniya (4) and (5). The highest and lowest
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yields for zero and 25 kg N Jevels were @ 0.32 t/ha in Peradeniya (4) and 2.56 t/ha
in Kundasale (2), respectively. As evident, wide yield variations have been reported
for various experiments in both locations. Gunasena et al® reported siailar yield
variations in the previous intercropping studies. Such variations could be expecied
to result {rom agroclimaiic variatiors wnong locations,® as the dificrences in the
total M contents among locations varied only slightly.

TasLe 1. Moean grain yield of maize and soyabean under various levels of nitrogen, t/ha.

7 7 VMonocx"up System Intercrop LS50 C:‘/““_

System £ =0.035
Rate of N, kg/ha
50 25 0 25 0

, : 311 341 245 029 164
Kurdasale (1) Soyabean - — — 0.36 0.46 0.40 0.16 1.7
Total 3.64 3.38 3.1 .36 3.87 2.85 0.46 14.9
) Maize 3.33 3. 275 3.29 2.46 0.30 20.4
Kundasale (2) Soyabean  -- — 0.21 0.27 0.26 0.11 6.3
Total 3.33 327 2.75 0.21 3.56 272 1.08 20.3
Maize 487 350 250 38 19 071 164
Kundasale  (3) Soyabcan — — — 0.6 0.49 0.60 5.92 t0.4
Total 4.87 3.5% 2.5 0.86 4.38 2.59 0.63 16.0
A Maize 397 193 034 200 031 031 103
Perademya  (4) Soyabean - - 3.03 1.94 1.92 0.82 32.5
Total 3.97 1.98 0.34 3.03 3.95 2.23 0.56 12.0

_ Maize  4.51 AT 372 212 061 136
Poradeniva (5) Soyabean -~ — 2.24 0.69 0.85 0.25 18.0
Total 4.51 1.19 2.21 4.41 2.97 0.53 1.5
) Maitze . 0.82 1.73 1.18 0.61 24;9
Peradentya (6) Soyabean - e — 0.84 0.28 0.19 0.29 26.8
Total 2.40 172 .82 0.84 2.01 1.37 0.71 19.5

it.  Effect of Cropping System— At zero N, maize yields were somewhat depressed
by intercropping except in twe cases; Peradeniya (5) and (6). However the reduction
was not significant.  The yield gap between mono and intercropped maize tended Lo
deorease at 25 kg N, Althcugh the differences were pon-significant, yield tended to
increase in meost of the trinls.  This may prebably be duc to the inability of maze to
compete with the soyabean for available nutrieats and other resources.  Sumilar
conclusions have also been reported by Harwood and Banta.'®  However, the treat-
ment teends suggest that maize could withstand  intercropping ibecan.
BPeets? and Gunasena et al® repo eimmilarly.  This would indicate that there is
competiticn between maize and Interplanted legume for nulvients or other re-
sources and that the competitive elfects decrease as N fevel increascs.  The results
slso suggest that future experimentation should include higher rates of IN under
intercropping.
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3.2 Vield of Soyabesa—FExcept in 2 fow cases, intercropping depressed the yield of
*m'abaan Monccroppedisoyabean at zero N out- viclded intercropped soyabean at
the same level of N in four out of six locations. Exceptions were © Kundaszie (H
and (2).  The vield increase was siguificant in two locations, Pe radeniya (4) and (5).
However, intercropping at 25 kg N decreased the ma gaitude of vield reduction and in
four locations yield increased over intercropped sovabean at zero N. Tius would
suggest that at low N levels, the shading effect due to the row crops is loss severe,
At high N levels, however, reductions in legume yields have been reported. B

A3 Yield ? e stal yield of the intercropped system increased
and depen d d bly on M J(«vel BES Z Thus, at 25 kg N total vield increased
under mtnrucppwg m all six locations, the ditferences heing sigrificant in Kiong
sale (3) and Peradeniya (4) and (5). Intercropping at 0 N level increased i tal yield
over monocropped soyabean in all except Pcrshaé“mya (4). In the case of maize,
however, total vield of the system cxeeeded only in two locations. This could be
expected as monoct ¢ al e
the intereropped W*e ragritisde of the differences varicd wis
s ocations.  In general, this wonld indicate that intercropping makes betfer «
TESQWTCE use dﬂn w Bk th SATHC Crops ane growi separctely.  The resulis of these
ar! previous 38 show a potentia i for # total production system i plant types
of a complemeantary nature could be saluoted to exploit those specific cavironments.
Similar vesults bave bee r reported fm' maize-soysbean combination, -2 fir maizi-
groundant and maize-mungbean combinations' and for rice-soyabean and maize-
sovabean combinaticns.?

cro N owill have better compmtitive ability over

by depery

“"

3.4 Awgmeated Dutercrop Systems—Four different augmented mtercrop systoms with

thc corresponding monocro P8 veere tested, There were three avgmented |
ystems in Kundasale and two at Per %Lmy with the focally potentiai lop

in the combination. The mean yield of moncerop maize at zevo N fevel from the

main experiient have been used for Comparmon with inttercropped mma,, in the

Aewex/uve experiments.  The mean yield data of the Croppisg sysicms is indicated

1 Table 2,

TR
LT

dimes used

350 Msize-Cowpea intererop system

Malze-cowpea intercrop systern was augmented in 5 experiments with three trials at
Kundasale (I, 2 and 3) and two trials (. (%) and (5) at Peradeniya. Intercropped maize
out-yiclded monocropped maize in thice tr 1als, with yield increases as hagh as 789
and 103 % in Kundasale (i} and {2‘, respectively.  in Peradeniyz (5), mt"‘ropp.’ng
decreased maize yield by 54° 7o while equal yields were 1 cporied under both uop-
ping systems in Kundasale (3).  Similar results have been reported by Haizel® when
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maize was intercropped with cov wpea in two cropping seasons.  This indicates the
compatibility of the maize-cowpea mtercrop system su ,,HGSUHQ' the iusignificant

ness for available soil nutrients and other resonrces, perhaps dee
in the rooting habit of the crops. On the 041701 hnnd Agbools and
Fayemi! studied the effect of titercropping maize with cowpea at var ying levels of N
and found that maize vield decreased only at lower levels of W, su; ggesting com-
pefition between maize and interplanted cowpea for N and that the competitive

effect dec as B olevel increases.

As 2 3 gesn sovwpea yields were depressed by intercropping.  The fughest
trials 1asnd 2(56% to 74 oy while in others, the magni-
{ % The poor yields teported for cowpen could have been
'rn'w (‘ro’), mthmvm this zzrg'umzmnmv E:;zvc been more

e

Table 2, except in Peradesrya (5), yield of the total system was

cnocrop of either maize or cowpea. The magnitude of the difterence,

VT, ‘.fa.ri.,d with location.

Tepin 2. Moon graln yield of angmented {waveplicated) interceop sysioms, t/ha

Kundasate 1 m‘udaﬂaz,ic; Kundasalo Peradoniya &"eam ey
i 2 3 4 5

Inter  Maono  Inter Mono inter Mono  Inter Mono Inter

9 082 082 605 580 208 450

 Maizo 070 035 232 14
Cowpes 075 130 645 105 007 020 105 108 071 .85
Total 1.45 258 0.99 7.20 277
0.40 217 119 i34 082 232 4s0
Wungbean 044 1.00 199 054 56 16 1.60
Fowl 0.84 1.88 3.48
T s T o
Brash bosn 0.1t
Total 060 020 160
Muize 137 0.82 )
Groumudnit 0.82  1.39
Total 219

352 Malze-nvangbean lniercrop System

Maize-mungbean intercrop sysiern was tested in Kundasale (1), (2) and (3) aud
Peradeniya (5) ounly.  Intercropped maize increased yield over its monocroppei
counterpart in three out of four trials, with increases ranging from 169 1o 82%. I

tercropping decreased maize yield by 482 in Peradeniya (5) only.
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As reported In maizs-cowpea intorerop systom, mungbean yield was depressed
under intercropping in all trizls. The magnitude of vield reduction varied from
277 to 539, the highest being for Kundasale trials (D) and (2) (56% to 58%).

o

The total yield of the system was highar in Kundasale (2) and (3) comparsd to maize
or mungbean monocrop systems.  The exceptions were in Kundasale (1) and Pera-
deaiya (5) where mungbsan and maize monocrops exceeded the toial yield of the
system,

3.5.3 Maize-dwarl bean Intercrop System

This lntercrop system was iested in Kundasale (1) and (2) tals only.  Similar to
that reported above, intercropped muaize yields were highor than monocropped maize,
being 427, and 167 iv Kundasale (1) and (2) respectively. Legume yicld decreassd
in botiv experimenis due to intercropping, the reduction being 789, The total
systemn yield was higher than under the monocrop system.

3.5.4  Wialze-Groawdnut lntevcrop System

Intercropped maize increased yield by 68 over monrocropped maize in Kundasale(3),
while monocropped groundnut outyicided intercropped groundnut vy 717, ‘the
total yield of the system was higher chan those of the monocropped system.

Human Nuteition Valve

The cifect of the cropping systems and N level on crude protein coutent of inaize and
soyabean in tiwee triafs at Kundasale are indicated in Table 3.

TapLe 3. kidicct of cropping systom and N level on crude protemn content of maize and suyabean
crude protemn

o © Intetcrop
Mionocrop System System [ B3 V] v
N, kg/ha  50.00 25.00 U 2500 0 F=003 (Y
o iaize 1056 1000 9.5 994 900 v 0o
Kundasale (1) Soyabean — — — 33.63 33.110 32.95 0.08 1.8
Total )
kg/ha 3842 3379 30.24 1180 4Y44 3531 0.30 4.6
Maize 9.94 9.63 8.69 — 10.06 8.75 0.18 9.7
Kundasale (2) Soyabean  — — — 35.5 3506  34.4¢ 0.25 52
Total

kg/ha 33.11 31.52 2394 1.50  42.54 3041 0.26 4.1

. Maize 8.38 7.75 7.68 - 7.56 6.63 0.17 5.7
Kundasale (3) Soyabean — — e 3174 32.43 33.00 0.50 5.4
“Total

kg/ha 4094 2782 1924 2742 4464 33.13 0.26 4.5
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I increased the crude protein content of maize under both systemns of cropping.
In monocropped maize, the differences were significant in Kundasale (1) and (2) at
both 25 kg N and 50 kg N and in Kundasale (3) at S0kg N only.

Similarly, under intercropping, the crude protein content of maize incressed in
the 25 kg Nlevel in all trials, the differences being significant in Kundasale {1} and
(3). At 25 kg N, intercropping depressed crade protein confent of maize in two out
of three trials, the difference being significant in Kundasale (1) and (3). A similar
cifect was noted at the zero N level. The crude protein content of intercropped
soyabean increased in the 25 kg N level in two trials, the effect being significant in
Fundasale (1) and (2).  Monocropped soyabean significanily increased crude protein
conte

tin Kundasale (1} and (2).  The results indicate the possibility of enhancing
the wride protein content of intercropped soyabean with W applcation.

I general, applied N tended to increase the crude protain confent of both maize
and soyabean. Although intercropping tended to depr de protein content in
some cases, the crude protein hasvest of combined miize-soyabean was sigaificantly
higher than that of the mopocropped system. Since soyabeen contains o higher
content of amino acids, including ithose deficient in inaize, intercropping could substan-
tially contribute to the protein intake, which is below the required minimum in most
Asian regions. From a human vatrition peint of view, therefore, intercropping will
be of great importance.

TCOROMICS

A method commonly used to assess intercropping advantages 18 the Land FEguivalent
Ratio (LER), defined as the relative land area required for monocops to produce
yields obtained in intercropping.®  The yield ncrease shown by the LER could then
be used to calculate the monetary advantage.

Y

.3}

LER computed at various levels of M are given inTable 4. For convenicnce of
comparisen, data collected in the same season in different locations were grouped

M

together, e.g-—Kundasale (1) and (2) and Peradeniya (4) and (5).

‘Fasre 4. Land Bquivalent Ratio (LER) lor imdercropped maize-soyabean

25 kg N/ha 0 kg N/ha

Wundasale (1) and (2) 1.40 0.95
Kundasale (3) 1.21 1.03
Peradentya (4) and (8) 1.55 1.41

Peradeniya  (6) 116 1.68

17262—3
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AL 25 kg N, LER increased in all experiments.  The highest LER was reconded for
Peradeniya (4) and (5) 1.55 followed by Kundasale (1) and (2) 1.40. At zero N, the
highest LER was for Peradeniya (6) and the lowest values of LER could be attributed
to the lower yields obtained from intercrops compared to the monocrops. Cloni-
parison of the values of LER indicates better land wutilization due to intercropping.

The toial economic value of ihe produce cbtained (Rs/ha) from both systems of
cropping is shown in Table 5. The data was computed on the basis of market prices
prevailing during the peried of experimentation. In all experisents, re
MNlevel, the intercrop system provided higher economic returns than the corresponding
MoNoCrop system.

TasLe 5. Heonomic returns (Rs/ha) of mono awd intercropping al varying M levels

Expt. Mo Crop

(Rs/h)
25

M kglha 50 0

Maize 5654.40  5618.10 494278 5664.15  4144.50
Kundasale {1 and 2) Soyabean s 396.8! 215 1320010
Total 5894.40 561800  A%42.78 546460

Maize 8273.65 €078.60  4236.80 3361.65

Kundasale (3) Soyabean - - 257925
Total 8273.65 GH18.50 6.60 5740.99

] Rinize TIB3.80  4543.60 127405 e 2041.55
Peradeniya (4 and 5) Soyabean 1034554 5449.25

3

Potal 7i83.80  4543.60  1274.05 1034500 1002355  7490.80

(5

Maizo 4067.75  2901.15 1381.50 2216.5 1895.50

Yeradeniya (%) Soyabean — — 3284.90 752.15
Total 4067.75 2901.15 1281.50) 3284.90 2747.65
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