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Abstract 
Maize (Zea mays L.) and ricebean (Vigna umbellata [Thumb.] Ohwi and Ohashi) were grown in intercrop 

and monoculture on Tropaqualf soils under rainfed conditions in Northern Thailand yearly from 1983 to 
1986. De Wit's replacement design was used to compare intercrops and monocultures with a constant plant 
density equivalent to 80000 maize or 160000 ricebean plantsha -~. Combined nitrogen was applied at 
varying levels to 200 kg N ha ~. In the final two seasons the intercrop ratio of maize: ricebean was also varied. 
At the time of maize maturity intercrops yielded upt 49 kg ha- 1 more N in the above ground plant parts than 
the best monoculture. Dry matter, grain and nitrogen yield of maize and ricebean in intercrop relative to their 
monoculture yields (RY, relative yield) were significantly greater than their respective share of the plant 
population. Relative yield totals (RYT) for grain, dry matter and nitrogen were always greater than 1. 

Nitrogen uptake per maize plant increased with progressive replacement of maize by ricebean plants. This 
increase was similar to that obtained by applying combined N. Available soil nitrogen tended to decrease 
with increasing maize:ricebean ratio. Increasing the maize:ricebean ratio increased the % of nitrogen derived 
from fixation in ricebean, the increase being equivalent to that obtained by decreasing combined nitrogen 
application. Approximately the same amount of fertilizer and soil nitrogen was taken up by maize plus 
ricebean in intercrop as the maize monoculture. The results suggest that the improved nitrogen economy of 
the intercrop resulted from the strong competitiveness of maize in the use of mineral nitrogen and the 
enhancement of nitrogen fixation in intercropped ricebean which made it less dependent on the depleted pool 
of soil nitrogen. 

Introduction 

The benefit of legume/nonlegume associations 
on the nitrogen economy of the cropping system 
has been documented for pasture and crop species 
(Sanchez, 1976; Vallis, 1976). Symbiotic nitrogen 
fixation in the legume has often been suggested as 
the major cause for this benefit (Wiley, 1979). De 
Wit et al. (1966) demonstrated that nitrogen fixa- 
tion enabled the legume to be less dependent on 
mineral nitrogen. Some evidence for direct transfer 
of nitrogen from the legume to the associated non- 
legume has also been reported (Agboola and Faya- 
mi, 1972; Bandyopadhyay and De, 1986; Eag- 
lesham, 1982). 
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Ricebean (Vigna umbellata [Thunb.] Ohwi and 
Ohashi] is a common traditional pulse of India and 
Southeast Asia. It is grown in association with 
major cereals, e.g. rice in Burma (Purseglove, 
1974), and maize in Thailand (Chulasai et al., 
1985). In Thailand ricebean, mostly intercropped 
with maize, is grown on about 30000ha; for 1985 
21 000 tons of beans were exported with a market 
value of $US 7.9 million (OAE, 1986). 

Maize intercropped with ricebean is generally 
believed to be a more sustainable cropping system 
than monoculture corn and is presently being re- 
commended to hilltribe farmers in remote areas of 
Northern Thailand as a cropping system which can 
sustain productivity in the absence of fertilizers 
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(Phetchawee et al., 1986 and C Suthi personal com- 
munication). Because of  its importance, the yield 
advantage of maize/ricebean intercrop and the dy- 
namics of  its nitrogen nutrition were examined. 

Materials and methods 

The experiments were carried out from 1983 to 
1986 under rainfed conditions in Northern Thai- 
land. The soils are silty loams of  series Tropaquaifs, 
derived from old to semirecent alluvium, with pH 
of 4.8 to 5.8 and low available phosphorus and 
potassium. Annual rainfall averages 1200mm, 
most of which falls from May to September (Chula- 
sai et al., 1985). This period, which constitutes the 
major growing season, is characterized by an av- 
erage maximum temperature of 32~ and mini- 
mum of 23~ with the longest day of 13 hours on 
Jun 22. 

The replacement series design (de Wit, 1960) was 
used to compare intercrops with monocultures at a 
constant overall density of 80 000 maize or 160 000 
ricebean plants ha ~. The treatments were factorial 
combinations of combined nitrogen levels and 
cropping systems, monocultures and intercrops, 
arranged in split plot design, with levels of com- 
bined nitrogen as the main plots and cropping 
systems as subplots. Ricebean monoculture in ex- 
periments 3 and 4 was supported on 2-m-long bam- 
boo stakes to equal the support provided by corn 
for the intercropped ricebean. A previous study 
had established that asymptotic densities for dry 
matter yield of  maize and ricebean in this environ- 
ment were 53333-80000 plantsha -~ and 150000- 
200000 plants ha 1, respectively (Rerkasem and 
Rerkasem unpublished); therefore, one maize plant 
was considered equal to two ricebean plants. Both 
maize and ricebean (local red seeded, unnamed cv.) 
were planted in rows 0.375 m apart. A small drain- 
age furrow was provided every 1.5 m after every 4th 
row. Monoculture maize was planted with 0.33 m 
between plants in the row and ricebean at 0.165 m, 
giving population densities of 80 000 plants ha 
and 160 000 plants ha-~, respectively. The inter- 
crop ratios were achieved by progressive replace- 
ment of  maize with ricebean plants. Every other 
maize plant in the two middle rows between the 
drainage furrows was replaced with two ricebeans 
to give maize: ricebean ratio of 75: 25. For  the 50: 50 

the two entire middle maize rows between the fur- 
rows were replaced by ricebean, and for 25:75 mix- 
ture all the maize were replaced by ricebean plants 
except the alternative maize plants in the two mid- 
dle rows between drainage furrows. 

Plants were harvested from 3 m 2 in the center of 
each plot for dry matter and nitrogen yield of maize 
and ricebean and maize grain yield at 90-111 days 
(maize maturity). Ricebean grain was harvested in 
2-3 pickings to from 135 to 174 days. Fresh sam- 
ples were dried at 80~ to a constant weight. Water 
content of the seeds was determined with a mois- 
ture meter. Grain yields were presented on the basis 
of zero water content. Yields were calculated per 
hectare and per plant, and relative to respective 
monoculture yield (RY, relative yield). A species 
was assumed to perform better in intercrop than 
monoculture when its RY was greater than its share 
of  the population in intercrop. When the relative 
yield total (RYT, sum of RY's) > 1 there is an 
advantage of intercrop over monocultures (de Wit 
and van den Bergh 1965). For the grain yield of 
maize and ricebean which were harvested at dif- 
ferent times the yield advantage was calculated 
using area X time equivalency ratio, ATER 
(Hiebsch and McCollum, 1987), which is similar to 
RYT but is weighted for the time difference: 

Ymi * tm Yri * tr 
ATER - + 

Ymm * ti Yrm * ti 

Ymi = yield intercropped maize; Ymm = yield 
mono-maize; Yri = yield intercropped ricebean; 
Yrm = yield mono-ricebean; tm = maize dura- 
tion; tr = ricebean duration; ti = intercrop dura- 
tion; in this study ti = tr [adapted from Hiebsch 
and McCollum (1987)]. 

Methods for specific experiments 

Experiment 1 (1983) and 2 (1984). These two ex- 
periments were carried out sequentially in the same 
field with soil of the San Sai series of  the Tropa- 
qualf in the Multiple Cropping Centre Experiment 
Station of Chiangmai University. The intercrop 
maize:ricebean ratio was 50:50 in experiment 1 and 
75:25 in Experiment 2. Four levels of combined 
nitrogen: 0, 50, 100 and 2 0 0 k g N h a  i as urea were 
applied in bands between rows after emergence. 
There were four replicates; each subplot was 



4.5m x 5.0m. A basal treatment of 4 2 k g K h a  -~ 
and 22 kg P ha-J as potassium sulphate and triple 
super phosphate was applied before sowing. Above 
ground plant parts of both corn and ricebean were 
harvested for dry matter yield and total Kjeldahl 
nitrogen at maize maturity, 90-101 days from sow- 
ing. Grain yield of maize was also recorded. Rice- 
bean grain was harvested in 2-3 pickings from 135 
to 174 days after sowing. 

Experiment 3 (1985). This experiment was carried 
out on a newly cleared upland site at the Chiangmai 
University Mae Hia Experimental Farm. Using the 
same species, cultivars and overall density as in 
Experiments 1 and 2, intercrops of maize:ricebean 
at ratios 75:25; 50:50 and 25:75 were compared 
with monocultures of maize and ricebean, at two 
levels of combined nitrogen, 0 and 100kgNha  -~ . 
The nitrogen was applied as urea in bands between 
rows after emergence. Each subplot was 
7.5m x 10m. There were four replicates for each 
treatment combination. Ricebean and maize tops 
and maize grain were harvested for dry matter and 
nitrogen at 90 days from sowing. Ricebean grain 
and final dry matter were harvested at 147 days. 
Nitrogen fixation by the ricebean was measured 
using UN natural abundance and ureide analysis 
(Rerkasem et al., this volume). A composit soil 
sample, made up of four subsamples, was collected 
from each plot before maize tasselling at 52 days to 
the depth of 30cm and extracted for mineral ni- 
trogen with 2 m M  potassium chloride. The amount 
of mineral nitrogen in the extract was estimated by 
distillation of  the extract with MgO Devarda's 
alloy to ammonia and titration (Bergersen, 1980). 
There was an unintended three weeks delay bet- 
ween soil sampling and extraction during which the 
samples were stored at 4~ 

Experiment 4 (1986). This experiment was carried 
out at the same location as Experiment 3. The land 
had been planted to soybeans and peanuts in the 
preceeding two wet seasons, then sown with wheat 
followed by maize to deplete soil nitrogen before 
commencing the experiment. To ensure uniformity 
the maize used was breeder seed of a synthetic cv. 
Suwan 1. Maize/ricebean intercrops at ratios of 
75:25 and 25:75 were compared to monocultures at 
two levels of combined nitrogen, 20 and 
200 kg N ha-  ~. Nitrogen was applied as ammonium 
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sulphate solution, half at sowing and half at 30 
days. Subplot size was 6.0 x 6.5 m. There were six 
replicates. Each subplot contained a 
1.65m x 3.00m microplot in which ammonium 
sulphate enriched with 3.764 and 0.468 atm % ex- 
cess of ~SN for the combined N treatments of 20 and 
200 kg N ha-  ~, respectively was applied. Maize and 
ricebean were harvested for dry matter and ni- 
trogen yield and maize grain yield at 100 days from 
sowing. Plant samples from the 1.0m x 1.5 m cen- 
ter area of the microplots were processed separately 
for ~SN analysis. Sample preparation for ~SN analy- 
sis was carried out according to Bergersen (1980) 
except that the ammonia was distilled into 10 ml of 
0.02 N sulphuric acid instead of boric acid. The 
distillates were evaporated down to 0.5 to 1.0 ml on 
a hot plate and dried onto 1.2 cm x 11.2 cm strips 
of Watman # 1 filter paper for packing and mail- 
ing. The samples were analyzed for ~5N by adding 
hypobromite directly to the paper in Rittenberg 
tubes to generate N2 for the mass spectrometer, 
with atmosphoric N as standard. (R H Burris, 
personal communication) Ricebean grain was har- 
vested at 160 days. Sampling for ricebean nodules 
dry weight and soil mineral N to 30 cm were also 
carried out at 82 days when maize had reached 
physiological maturity. The soil was sampled and 
analyzed for available nitrogen in the same way as 
in experiment 3 but the delay between sampling and 
extraction was reduced to one week. 

Results 

Dry matter yield (Experiments 1, 2, 3 and 4) 

At the time of maize maturity, dry matter yields 
of monoculture maize without combined nitrogen 
ranged from 8 to 16 t ha-~; whereas those of rice- 
bean varied from 4 to 6 t h a  ~ (Fig. 1). Dry matter 
of the monoculture maize increase significantly 
with increasing levels of combined nitrogen in three 
of the four experiments, to 14 to 30 t ha-  '. Respon- 
ses varied somewhat from experiment to experi- 
ment, and were most pronounced with the Suwan 
1 maize. By contrast the monoculture ricebean 
showed little or no response to combined nitrogen. 
When intercropped, both maize and ricebean dry 
matter yields were almost always above the expec- 
ted yield based on their proportion in the mixture, 
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Fig. 1. Effects of  combined nitrogen and maize/ricebean proportion on top dry weight. Bars represent standard error (SE) of total top 
dry weight. For ( zx - -  ,~ ), ( o - -  o ), ( �9 - -  �9 ), see Figure 3. 

implying synergistic effects due to intercropping for 
both species. Consequently, the RYT values were 
greater than 1, indicating a dry matter yield advan- 
tage of intercropping over monoculture. This inter- 
crop advantage appeared unaffected by combined 
nitrogen. 

Grain yield (Experiment 1, 2, 3 and 4) and 
ricebean harvest index (Experiment 3 and 4) 

Maize was harvested at 90 to 110 days after 
sowing. With 0 or 20kgha-I of nitrogen maize 
grain yield in monoculture varied from 2.53 to 
5.18tha -I (Fig. 2). Application of 100 or 
200 kg N ha- t increased the yield of maize grain to 
4.9 to 8.0t ha -~. Response to combined nitrogen 

varied from experiment to experiment. The maize 
grain yield was reduced by intercropping, but the 
reduction was proportionately less than the ratio of 
maize plants that were replaced by ricebean. 

The grain yields of ricebean were somewhat vari- 
able, ranging from 0.94 to 1.57 tha -1 in monocul- 
ture with low (20kgN ha ~) or no combined ni- 
trogen (Fig. 2). The time to grain maturity of the 
photosensitive ricebean, which always flowered 
towards the end of October, varied from 135 to 174 
days depending on date of sowing. The application 
of combined nitrogen, up to 200 kg N ha- l, had no 
effect on the grain yield of ricebean. In all experi- 
ments ricebean consistently yielded the same 
amount of grain when intercropped, irrespective of 
maize:ricebean ratios, as in monoculture. 

The RYT's for grain yields of the intercrop, 
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weighted for the difference in crop duration, ab- 
breviated as ATER (Hiebsch and McCollum, 
1987), for all four experiments ranged from 1.231 
to 2.263, with a mean of 1.604 + 0.287. The har- 
vest index of monoculture ricebean ranged from 11 
to 24% (Table 1). The ricebean harvest index was 
increased significantly by intercropping at 75:25 
(Table 1). The ricebean grain yield at this maize:ri- 
cebean ratio was high, differing little from mono- 

culture or intercrops with higher ratios of ricebean 
(Fig. 2) despite a marked reduced dry matter yield 
(Fig. 1). 

Nitrogen yield (Experiment 1, 2, 3 and 4) 

On a per plant basis, nitrogen content of maize 
generally increased as much by decreasing the ratio 

Table 1. Harvest index (in %) of  monocultured and intercropped ricebean (Experiment 3 and 4) 

Year kg N ha ~ Maize:ricebean ratio 

0:100 25:75 50:50 75:25 

1985 0 21.9 29.1 42.7 35.8 
100 23.6 27.9 23.1 55.8 

1986 20 11.2 11.4 - -  28.3 
200 13.4 11.4 24.6 

Significant difference (p <) 
Intercrop Combined N 
ratio (R) (N) 

R x N  LSD (p < 0.05) 

1985 0.01 NS a 0.05 5.2 
1986 0.001 NS NS 7.19 

p < 0.05. 
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Table 2. Effects o f  combined  n i t rogen and in te rc ropping  on ni t rogen content  per  p lant  in maize and ricebean 

Year  In te rcrop  ra t io  

Maize:  r icebean 

Ni t rogen  yield (g N p l a n t - l  ) 

Ni t rogen  appl ied  ( k g N h a  -~) 

NO N50 N100 N200 

M a R" M R M R M R 

1983 

1984 

1985 

100:0 1.43 - -  1.52 - -  1.74 - -  

50:50 2.00 0.95 2.18 0.94 3.22 0.87 

0:100 - -  0.61 - -  0.60 - -  0.78 

100:0 0.70 - -  1.19 - -  1.59 

75:25 1.39 0.69 2.04 0.93 2.91 0.74 

0:100 - -  0.54 - -  0.54 - -  0.53 

100:0 1.63 - -  2.16 - -  

75:25 2.03 1.21 2.57 1.47 

50:50 1.97 0.84 2.75 1.53 

25:75 2.71 1.08 3.34 1.34 

0:100 - -  0.84 - -  0.84 

2.06 

3.31 0.95 

- -  0.66 

1.68 
3.36 0.58 

- -  0.50 

Ni t rogen  appl ied  ( k g N h a  - l )  

20 200 

1986 100:0 0.92 - -  2.87 - -  

75:25 1.06 1.72 3.05 1.59 

25:75 2.13 1.06 4.62 1.28 

0:100 - -  0.84 - -  1.11 

In tercrop C o m b i n e d  N R • N L S D ( p  < 0.05) 

ra t io  (R) (N) 

S~nificant difference (p • 
1983 0.001 0.05 NS (p  < 0.05) 0.26 

1984 0.001 0.001 0.001 0.26 

1985 0.001 0.001 0.05 0.42 

1986 0.001 0.001 0.01 0.54 

M = maize; R = ricebean. 

of maize:ricebean as by increasing the rate of ap- 
plication of combined nitrogen (Table 2). For ex- 
ample, in 1985 the monoculture maize had 
1.63 g N plant ~ without combined nitrogen. Inter- 
cropping without combined N at 75:25 increased 
the nitrogen content to 2.03 g N plant- ~, which was 
similar to 2.16 g N plant- ~ in the maize that had 
received 100 k g N h a  ~. No such clear effect was 
seen with ricebean. 

Without combined nitrogen the total amount of 
nitrogen in the above ground parts of maize and 
ricebean in monoculture at 9(~110 days ranged 
from 56 to 131 k g N h a  -~ and 86 to 135kgNha l ,  
respectively (Fig. 3). Application of combined nit- 
rogen markedly increased the uptake of nitrogen by 
maize in all four experiments, with some year to 
year variations. The biggest response was seen in 
the fourth experiment when 230kgNha  z was 
taken up by the monoculture maize with 
200 kg N ha-  J applied. Nitrogen yield in ricebean 

showed little response to combined nitrogen. As 
with dry matter the nitrogen yields of both maize 
and ricebean in intercrop were above the diagonals 
and the RYT values were > 1. Up to 49 more 
kg N ha -~ , was actually taken up in intercrop than 
in the highest yielding monoculture. Between 91 
days and 147 days there was a marked increase in 
relative nitrogen yields of intercropped ricebean at 
75:25, from 0.36-0.43 to 0.58-0.60 (Table 3). This 
was a result of a greater accumulation of nitrogen 
during this period in ricebean at 75:25 than in 
ricebean at lower maize:ricebean ratios or in mono- 
culture (Rerkasem et al., this volume). 

Nitrogen sources (Experiment 3, 4) 

The partitioning of ricebean nitrogen into fixed 
N and that supplied by combined N sources, using 
natural abundance ~SN and ureide analysis techni- 
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F(g. 3. Effects of combined nitrogen on the uptake of total nitrogen (soil N and fixed) in the top of maize (A--zx) and ricebean (o--o) 
in intercrop and monoculture at corn maturing stage. ( H )  indicates intercrop total. 

que is presented elsewhere for experiment 3 (Rer- 
kasem et al., this volume). The use of labelled ~5N 
gave similar results in Experiment 4. The percen- 
tage of ricebean nitrogen that came from fixation 
increased significantly by intercropping at 75:25, 
but not at 25:75 maize:ricebean (Table 4). With 
2 0 k g N h a  1, 72% of  the nitrogen in ricebean 
monoculture came from fixation. Intercropping, in 
which 75% of the ricebean was replaced by maize, 
increased the contribution from fixation to 90%. 
Increasing the rate of  combined N application to 
2 0 0 k g N h a - ' ,  on the other hand, depressed the 
percentage of fixed N by 50%. This depression of 
nitrogen fixation in ricebean by high level of  com- 
bined N was attenuated by intercropping; with the 

percent of ricebean N from fixation at 
200 kg N ha-1 increasing from 36.68% in monocul- 
ture to 51.2% at 75:25. 

The relative yield of fixed N in intercropped 
ricebean was higher than the relative yield of  total 
N; but the relative yield of mineral N was lower 
(Table 3), especially at 50:50 or 75:50. This in- 
dicated intercrop advantage in terms of nitrogen 
fixation, which became more pronounced at the 
final ricebean harvest. The relative yield of fixed N 
in ricebean showed a marked increase during the 
period between maize and ricebean harvests. 

Maize and ricebean together in the intercrops 
took up approximately the same amount of soil 
and fertilizer N as the monoculture maize (Table 5). 
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Table 3. Relative nitrogen yield of intercropped maize and ricebean (Experiment 3, 4) 

N yield Relative nitrogen yield of ricebean 
(kg Nha -1 ) 

91 91 147 days 
from 
sowing 
kgNha -I 

M:R ~ M R Total Fixed S + F b Total Fixed S + F b 

Experiment 3 (1985) 
0 I00:0 130.6 0.0 . . . . . .  

75:25 122.0 48.3 0.36 0.51 0.22 0.58 0.93 0.25 
50:50 78.9 67.1 0.50 0.65 0.37 0.55 0.73 0,38 
25:75 54.2 129.2 0.96 0.93 0.98 0.82 ne ~ ne 
0:100 0.0 134.6 1.00 1.00 1.00 1.00 1.00 1.00 

100 I00:0 172.9 0.0 . . . . .  
75:25 154.2 58.9 0.43 0.71 0.29 0.60 1.01 0.30 
50:50 109.2 122.6 0.90 1.41 0.64 1.20 1.76 0.66 
25:75 66.9 161.9 I. 19 1.74 0.91 0.99 ne ne 
0:100 0.0 135.9 1.00 1.00 1.00 1.00 1.00 1.00 

N yield Relative nitrogen yield 
(kgNha -~) 

kg N ha 1 M: R a M R Maize Ricebean 

Total Soil Ferti- Total 
lizer 

Soil Ferti- Fixed 
lizer 

Experiment 4 (1986) 
20 100:0 74.3 - -  1.00 1.00 1.00 - -  - -  - -  

75:25 63.7 69.0 0.68 0.86 0.86 0.46 0.20 0.19 0.54 
25:75 42.5 126.5 0.57 0.58 0.48 0.85 0.85 0.68 0.85 
0:100 - -  134.4 - -  - -  1.00 1.00 1.00 1.00 

200 100:0 229.5 - -  1.00 1.00 1 . 0 0  . . . .  
75:25 182.7 59.7 0.80 0.72 0.92 0.46 0.22 0.28 0.61 
25:75 92.5 153.8 0.40 0.38 0.44 0.92 0.77 0.88 1.16 
0:I00 - -  177.6 - -  - -  - -  1.00 1.00 1.00 1.00 

M = maize; R = ricebean. 
b Soil + fertilizer N; nitrogen sources for maize in Experiment 3 not distinguished. 
c Not estimated, nitrogen yield declined slightly with time. 

H o w e v e r ,  to ta l  n i t r o g e n  yield f r o m  in t e r c rops  ex- 

ceeded  the  yield o f  ma ize  m o n o c u l t u r e ,  and  tha t  

was a c c o u n t e d  fo r  by f ixa t ion  by the  r icebean.  A t  

20 kg N h a -  ~ a l m o s t  all o f  the m i n e r a l  n i t r o g e n  

t aken  up  by m o n o c u l t u r e  ma ize  was  f r o m  the  soil,  

w i th  c o n t r i b u t i o n  f r o m  fer t i l izer  be ing  qu i t e  smal l  

(Tab le  5). A n  increase  in the  ra te  o f  a p p l i c a t i o n  o f  

c o m b i n e d  N to 2 0 0 k g N h a  - l  caused  twen ty -  to 

th i r ty - fo ld  increases  in the  u p t a k e  o f  fer t i l izer  N ,  

and  a b o u t  d o u b l e d  the u p t a k e  o f  soil N in ma ize  

and  r i cebean  w h e t h e r  g r o w n  in m o n o c u l t u r e  o r  

i n t e r c r o p p e d .  T h e  i n t e r c rops  did n o t  differ  f r o m  

ma ize  m o n o c u l t u r e  in thei r  u p t a k e  o f  soil  o r  fer- 

t i l izer  n i t rogen ,  bu t  u p t a k e  o f  soil a n d  fer t i l izer  N 

by r i cebean  was a b o u t  h a l f  tha t  o f  m o n o c u l t u r e d  

maize  o r  i n t e r c r o p  tota l .  

Soil mineral nitrogen and nodulation (Experiment 
3 and 4) 

T h e  a m o u n t  o f  ex t r ac t ab l e  m ine ra l  n i t r o g e n  at  52 

days  ( E x p e r i m e n t  3) and  82 days  ( E x p e r i m e n t  4) 

s h o w e d  s igni f icant  effects o f  i n t e r c r o p p i n g  and  

c o m b i n e d  n i t r o g e n  app l i ca t i ons  (Tab le  6). In  b o t h  

e x p e r i m e n t s  the  effect o f  i n t e r c r o p  ra t io  on  avai l -  

ab le  soil  N was  a p p a r e n t  on ly  w h e n  c o m b i n e d  

n i t r o g e n  was appl ied .  T h e  lowes t  levels  o f  ava i l ab le  

n i t r o g e n  were  f o u n d  u n d e r  m o n o c u l t u r e  m a i z e  o r  

i n t e r c r o p  wi th  m a i z e : r i c e b e a n  at  75:25,  T h e r e  was 

a t r end  t o w a r d  inc reased  ava i l ab le  n i t r o g e n  as 

m a i z e : r i c e b e a n  ra t ios  dec reased  wi th  the  h ighes t  
levels o f  ava i l ab le  N in m o n o c u l t u r e  r icebean;  182 
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Table 4. Enr ichment  of  15N in maize and  r icebean tops and es t imates  of  n i t rogen der ived from fertilizer and  f ixat ion (Exper iment  4) 

k g N h a  i In te rc rop  % 15N a t o m  excess % ni t rogen from % ni t rogen 

rat io,  fertilizer a f rom 

maize  to f ixat ion b 
r icebean Maize  Ricebean  Maize  Ricebean Ricebean 

20 100:0 0.3197 - -  8.16 - -  - -  
75:25 0.3222 0.0319 8.22 0.82 90.03 

25:75 0.2642 0.0614 6.74 1.56 76.00 

0:100 0.0739 1 1.89 72.02 

200 100:0 0.1812 46.24 - -  - -  

75:25 0.2087 0.1014 53.25 25.77 51.20 

25:75 0.1974 0.1202 50.37 30.62 38.97 

0:100 0.1250 - -  31.90 36.68 

LSD (p  < 0.05) 0.0455 0.0164 9.10 

Significant 

effects 

Ni t rogen  p < 0.001 p < 0.001 p < 0.001 

In te rcrop  ra t io  NS p < 0.001 p < 0.001 

Ni t rogen  x ra t io  p < 0.I p < 0.01 NS 

% ni t rogen f rom fertilizer = (% 15N a tom excess in p l a n t / %  15N a t o m  excess in fertilizer) • 100. 

% ni t rogen f rom f ixat ion = [1 - (% 15N a t o m  excess in r i cebean /% 15N a tom excess in maizeC)l x 100. 

reference maize  from the same intercrop plot;  except  in monocu l tu re  r icebean where maize  f rom 25:75 was used. 

ppm N at 100kgNha -~ in experiment 3 and 320 
ppm N at 200 kg N ha l in experiment 4. 

The application of  200 kg N ha ~ resulted in a 
marked reduction of nodule mass of ricebean in 
monoculture (Table 7), but the effect was removed 
when intercropped. The dry weight of nodules re- 
covered from monocultured ricebean grown with 
200 kg N ha 1 was 29 mg plant- ~, compared with 
77 mgplant  ~ with 20 kg N ha ~. When intercrop- 

ped, ricebean produced comparable nodule mass at 
both N levels. 

Discussion 

Intercropped maize and ricebean yields, whether 
measured in terms of RYT's for dry matter and 
nitrogen yields for the period of associative growth 

Table 5. Sources of  n i t rogen (in kg N ha -~) t aken  up  by in tercropped and monocu l tu r ed  maize  and  r icebean (Exper iment  4) 

kg  N ha ~ M : R  b Maize  Ricebean Cropp ing  system total  

F -N a S-N F-N S-N Fixed-N F-N S-N Fixed-N T-N 

20 

200 

100:0 6.02 68.32 - -  - -  6.02 68.32 - -  74.34 

75:25 5.14 58.58 0.54 6.24 62.19 5.68 64.82 62.19 132.69 

25:75 2.88 39.63 1.90 26.75 97.90 4.78 66.38 97.90 169.06 

0:100 - -  2.54 35.07 96.79 2.54 35.07 96.79 134.40 

100:0 105.92 123.56 - -  - -  105.92 123.56 - -  229.48 

75:25 97.08 85.65 14.63 13.24 31.78 111.71 98.89 31.78 242.38 
25:75 46.24 46.22 46.53 46.91 60.32 92.77 93.13 60.32 246.22 

0 : I00  - -  - -  56.65 65.50 55.45 56.65 65.50 56.65 177.60 

LSD (p  < 0.05) 10.10 16.79 7.04 13.74 
Significant  

effects 

In te rcrop  

rat io  x N p < 0.001 p < 0.001 p < 0.001 p < 0.05 
Ni t rogen  x 

In te rc rop  ra t io  

9.10 8.70 15.19 9.10 11.37 

NS 

p < 0.001 
p < 0.001 

a F-N = fert i l izer-N; S-N = soil-N; T-N = to ta l -N.  
b Maize : r i cebean  ratio. 
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Table 6. Effects of maize:ricebean proportion in intercrop and 
combined nitrogen on available soil nitrogen to 30cm 

kg N ha ~ Intercrop ratio Available nitrogen in soil 
Maize:ricebean (ppm) 

Experiment 3 Experiment 4 
at 52 days at 82 days 

0 100:0 60 
75:25 72 
50:50 76 
25:75 66 
0:100 66 

20 100:0 
75:25 
25:75 

0:100 
100 100:0 62 

75:25 58 
50:50 92 
25:50 110 

0:100 182 
200 100:0 

75:25 
25:75 
0:I00 

I0 
15 
17 
15 

61 
65 

230 
320 

Significant difference (p <) LSD (p < 0.05) 
Intercrop Combined R x N 
ratio (R) nitrogen (N) 

1985 0.05 0.05 0.05 84 
1986 0.001 0.001 0.001 78 

or ATER's for grain yields, all indicated a definite 
advantage of intercropping, compared with their 
monoculture yields. Similar advantages in legume/ 
nonlegume intercrops have been observed by de 

Table 7. Effects of maize:ricebean proportion in intercrop and 
combined nitrogen on dry weight of ricebean nodules at 82 days 
from sowing 

Maize: ricebean 

Ricebean nodules 
dry weight 
(mg plant ~) 

k g N h a  

20 200 

100:0 
75:25 59 53 
25:75 58 88 
0:100 77 29 

LSD (p < 0.05) 47 
Significant difference (p < ) 

Intercrop ratio (R) NS (p < 0.05) 
Combined nitrogen (N) NS 
R • N 0.05 

Wit et al. (1966), Trenbath (1976) and Hiebsch and 
McCollum (1987). The fact that the yields of both 
maize and ricebean when intercropped were gener- 
ally above the diagonals in the replacement dia- 
grammes implies beneficial effects of intercropping 
for both species. In addition to the advantage in 
relative terms, there were also absolute advantages 
in terms of higher nitrogen yield and grain yields at 
a maize:ricebean ratio of 75:25. Since ricebean 
grain brings 2.5 to 3.0 times the price of maize 
grain, due to its higher nutritive value, the farmer 
can expect a higher economic return from the inter- 
crop, even when the total weight of grain harvested 
in the intercrop did not exceed that of the monocul- 
ture maize. 

The priming effect of combined N, which resul- 
ted in an increase in the uptake of soil nitrogen with 
the application of 200 kg N ha -1, has been com- 
monly observed (Jansson and Persson, 1982). The 
effects were similar on intercropped and monocul- 
tured maize and ricebean. 

The higher uptake of mineral N per unit area in 
maize vs. ricebean in monoculture; the relative yield 
of mineral nitrogen in intercropped ricebean which 
was lower than its proportion of the intercrop pop- 
ulation; and a lower amount of available N found 
under the higher maize:ricebean ratios, suggest 
that maize is more competitive for mineral nitrogen 
than ricebean. No evidence of direct transfer of 
nitrogen from the ricebean to maize was observed 
in this study, although evidence of such transfer has 
been reported by others (Eaglesham et al.,. 1981 
and Bandyopadhyay and De, 1986). 

Nitrogen fixation by the legume has been shown 
to be the basis for the advantage of legume/ 
nonlegume mixtures of pasture species. Although 
the RYT value for total nitrogen yield of a Chloris 
gayana and Stylosanthes humilis mixture was con- 
siderably greater than 1, the advantage largely dis- 
appeared when the contribution from fixation was 
discounted (Hall, 1974). The RYT values for dry 
matter and nitrogen yields of a Panicum and Gly- 
cine mixture were over 1.5 when the legume was 
nodulated, but dropped to 1 without the nitrogen 
fixing symbiosis (de Wit et al., 1966). Ricebean in 
the current study derived a larger proportion of its 
nitrogen from fixation when intercropped with 
maize than when it was grown in monoculture. In 
general, the amount of nitrogen in the intercrop 
that exceeded that in the maize crop, which re- 



presents available mineral nitrogen, could be ac- 
counted for by the amount fixed by the ricebean. 

In this study the intercrop advantage, in terms of 
dry matter, grain and nitrogen yields, was asso- 
ciated with an enhancement of nitrogen fixation by 
the legume. This has been previously reported in 
only one study on a maize/cowpea intercrop where 
a significant intercrop advantage was reported in 
association with a slight enhancement of nitrogen 
fixation (Ofori, Pate and Stern, 1987). In a sorg- 
hum/soybean intercrop an enhancement of ni- 
trogen fixation by the soybean was reported 
without an intercrop yield advantage (Wahua and 
Miller, 1978a and 1978b). No yield advantage was 
observed in a maize/cowpea intercrop in which no 
enhancement of nitrogen fixation was detected 
(Eaglesham et al., 1981). 

Results from the current study indicate that both 
maize and ricebean contribute towards the obser- 
ved intercrop advantage. Differential utilization of 
nitrogen sources by the two species may be respons- 
ible for the observed effect. Uptake of mineral 
nitrogen by the maize may have stimulated the 
ricebean to depend more on fixation. This may 
explain why the depression of fixation by 
200 kg ha ~ of combined N was less in the inter- 
cropped ricebean than monoculture. Perhaps, as 
important was the effect intercropping had on 
prolonging nitrogen fixation by the ricebean after 
the maize harvest. Effective uptake of mineral ni- 
trogen by the nonlegume should be as important as 
nitrogen fixation by the legume in legume/ 
nonlegume intercropping systems for the tropics 
where combined nitrogen can be readily lost by 
leaching and denitrification (Nye and Greenland, 
1960). 

The yield advantage and sustainability of maize/ 
ricebean intercrop has been demonstrated in a long 
term study in Thailand (Phetchawee et al., 1986). 
At Phraputthabat Field Crop Experiment Station 
in Central Thailand a total of 23.2 t ha-~ of maize 
grain plus 5.3 t ha ~ ofricebean grain was harvested 
over six growing seasons with no fertilizer input 
compared with l l .6 tha  ~ of maize plus 5.1tha 1 
of mungbean from maize followed by mungbean. 
At the same time, the organic matter content of soil 
in the intercrop doubled to 1.64% over this period, 
whereas under maize-mungbean it changed only 
slightly from 0.83 to 1.10. Available soil nitrogen 
was 2.6mg.100g -I and 5.7mg.100g -~ soil under 
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the intercrop and maize-mungbean respectively in 
the 5th year. 

The yield advantage of intercrops is a reflection 
of a better use of resources than monocultures 
(Osiru and Willey, 1972; Spitter, 1980; Trenbath, 
1986). Nitrogen fixation is undoubtedly one impor- 
tant factor in the advantage of legume/nonlegume 
intercrops or pasture mixtures (Harper, 1977; Val- 
lis, 1978; Willey, 1979). Yet this potential advan- 
tage cannot be realized if other factor(s) are limit- 
ing, as illustrated in the case of potassium defi- 
ciency in a pasture mixture of Chloris gayana and 
Stylosanthes humilis (Hall, 1974). This study de- 
monstrated how the advantage of maize/ricebean 
intercrop was related to their nitrogen nutrition. It 
appears that under the condition of the present 
study other factors, i.e. light, water and other min- 
eral nutrients, were not limiting. The evaluation of 
the potential and limitations of legume/nonlegume 
intercropping systems, and hence the potential be- 
nefit of nitrogen fixation by the legume, would 
greatly benefit from an understanding of how inter- 
crops respond to varying levels of these factors. 

Conclusion 

This study has shown that there is a clear advan- 
tage in intercropping maize with ricebean in terms 
of dry matter, seed and nitrogen yield. The inter- 
crop advantage in nitrogen yield which exceeded 
the best monoculture yield was due to the efficient 
use of mineral nitrogen by the maize and enhance- 
ment of nitrogen fixation by the ricebean. The effect 
of intercropping in enhancing ricebean nitrogen 
fixation was maintained long after the maize har- 
vest. The increased dependence of intercropped 
ricebean on nitrogen fixation caused a similar 
amount of nitrogen to be fixed under intercrop and 
monoculture, despite a higher nitrogen yield in the 
latter. The overall advantage of the maize/ricebean 
intercrop is therefore related to an efficient use of 
mineral nitrogen by the maize and of fixation by the 
ricebean. 
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