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Abstract
Field experiments were conducted at the Field @hthe School of Plant Sciences in Reading, UKjrduthe 2000 and 2001
growing seasons to compare the radiation captuce wme efficiency of morphologically and physiolaglg contrasting
maize/pea intercrops with sole crops. The maizéveus comprised Nancis with erect and Sophy witipgy leaves whilst the
peas consisted of Maro, a conventional leaved Paimtess, a semi-leafless cultivar. Radiation aaply the sole and intercrops
was measured using a Sunflek Ceptometer (DeltavicB®), with a sensor length of 80 cm. Measurememti® taken at four
equidistant positions in each plot, 1 m away fréva edges of the plot. Before the maize grew abbeepeas, measurements
were taken at the top of the canopy and below. Wthencanopies were distinct, three measurements ta&en, above the
canopy, above peas and below the canopy from 9r80ta 1.00 p.m. at weekly intervals. In both seasiie intercrops and sole
pea crops intercepted more radiation comparedédctfe maize crops. Towards the end of the sedsomtercrops and sole
maize had similar interception. Intercropping bothize cultivars in 2000 with the conventional ped the greatest interception
in 2001. Radiation use efficiency (RUE) was meadimetaking the respective changes in above graupdveight and dividing
by the respective changes in cumulative absorbetbpinthetic active radiation (PAR). The RUE weighkst at mid-season
for both intercrops and sole crops in both seasd@emparisons were also made using cumulative tiadiaise efficiencies
(CRUE), representing the RUE from emergence totamg. Sole pea had the lowest CRUE in both seaddms sole maize in
2000 had highest CRUE. However, in 2001 interciugod similar CRUE to sole maize, suggesting an asgén RUE of peas in
intercrops. Nancis had consistently higher CRUBbath seasons compared to Sophy. The results erzphtist radiation
capture and use efficiency in sole and intercropgyeeatly affected by morphological charactersst€the component crops. In
choosing cropping partners for intercropping sfeattention should be given to selecting cereapsrwith erect leaves as
against those with droopy leaves. The under-sttggyme crop should also have erect or semi ereseteso as to capture
radiation filtering through the cereal canopy iderto maximize the capture and use of photosyictibt active radiation for
increased and stable yields.

Introduction
Most intercrop studies report yield advantages mércropping compared to sole cropping but the
scientific basis of these yield advantages is oftet considered (Matthews, 2000). In cases where
possible mechanisms are mentioned they are oftere mpeculations with no empirical data to
substantiate them (Matthews, 2000). Differencethéhcompetitive abilities of component crops in an
intercrop affect the performance of the entireesys{Azam-Ali & Squire, 2002). Solar radiation mbst
intercepted and utilized instantaneously as it oatne stored for later use. Keating & Carberry @99
reported that inter-cropping could increase therg@ption of solar radiation and maintain higher
radiation use efficiency. Willey (1990) concluddtht the radiation capture required to produce &ctua
intercropping yields at sole crop efficiencies vad®ut 30% more than the actual radiation, implyang
increase in the efficiency of radiation use byiioteps.

The shading effect of a vertically dominant spedfean intercrop can be partly reduced if the talle
species has erectophile leaves above an undersipeeies with planophile leaves (Sinoquet & Caldwel
1995). Several workers have reported higher ragghotosynthesis, better light penetration, andfase
erect-leaved than drooping-leaved maize and othierats (Angu®t al, 1972; Sinclair, 1972; Pandey
al., 1976; Vidovic, 1979; Wangt al, 1996). Cudnegt al (1991), in a study on the effect of wild oat
infestation on light interception and growth of weheconcluded that differences in height were thstm
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important factor affecting light penetration. Ight competition not only foliage height but alsdigge
inclination angles should be important (Caldweli87).

The objective of the study was to compare the gbsor and use of radiation by morphologically
contrasting cultivars of maize and peas in sol@xrand intercrops. The following hypotheses were
tested: (a) maize has a higher radiation use efftgi (RUE) than pea, (b) morphological differences
should alter the amount of absorbed radiation ad i sole crops, (c) intercrops absorb more raaiat
and have higher RUE than the sole crops, and @Jdtiation absorbed and the RUE of the intercrops
depend upon the morphology of the component crops.

Materials and methods
Experimental site
Field experiments were conducted at the Field Ohithe School of Plant Sciences, The University of
Reading, Shinfield (3125’'N, @ 56'W, 40 m a.s.l) in 2000 and 2001. In 2000 thpeginent followed
fallow, which had for the previous 6 years beermppeal with wheat. In 2001 the experiment followed
several years of natural pasture. The total experiat area was 94 m x 40 m in each year. The salav
sandy clay loam overlying river terrace gravelobeging to Hurst series (Jarvis, 1968). The topB0rc
the first year experiment was sandy whilst thathef second year had more gravel and stones. In both
fields the clay content increased gradually withtte

Experimental materials

The experimental material comprised of two morpbiially contrasting cultivars of maiz€€a mays
L.) and of peasHisum sativuni..). The maize cultivars were Nancis and Sophy thedpeas were Maro
and Princess. Nancis has an erect leaf habit bal@mvage dry matter yields of very high dry matter
content, very early cob maturity, and belongs tatumiy class 7 (Anon., 1999a). Sophy has the
traditional droopy leaf habit, and high dry matiéelds of high dry matter content. Sophy is tall at
harvest, but with good standing ability and is frovaturity class 10 (Anon., 1999a).

Pea cultivar Maro is a normal-leaved, marrowfatietgr(Anon., 1999b). It is late maturing with poor
standing ability and ease of combining. Princesa moderately tall-strawed, semi-leafless, marrowfa
variety possessing good standing ability and edsmmbining (Anon., 1999b). The semi-leafless pea
phenotype maintains a comparable crop growth rdtte eonventional leaved but with higher standing
ability (Pyke & Hedley, 1985). The lower photosyetikh capacity of the semi-leafless pea is compedsat
for by its physical characteristics, of being séeaifless pea, allowing more light to pass through i
canopy than the conventional-leaved pea, therelantaining a better light distribution over a large
lamina area than the conventional canopies (Pykie&ley, 1985).

Experimental design

The field experiments in both years were laid outairandomized complete block design with three
replications. The experimental plots were 7 m xmOwith 5 m between plots. The experimental
treatments comprised of all combinations of thezeaiultivars, erect leaved and droopy leaved aad pe
cultivars, normal leaved and semi-leafless andrthespective sole crops, giving eight treatments
combination. The experimental treatments were naniglassigned in each of the three replicates.

Land preparation, sowing and crop management
The sites were ploughed in February and cultivatedy-rolled and leveled in May. Compound
fertilizer (15:15:15) was broadcast by hand atrtite of 40 kg haof N, PO, and KO in 2000, but in

2001 no fertilizer was applied. In 2000 peas waiked using a Wintersteiger Precision Seed Driil o
June 6, and maize was hand-sowed on June 7 and?80L peas were drilled on May 24 whilst maize
was hand-sowed on May 25 and 26. Peas were soavdeatsity of 71 plants fandmaize at a density of
6 plants mi. In the intercrops, maize rows were spaced at B #part with a within row spacing of 0.30
m. Each maize row was alternated with six rowped at 0.12 m apart with a within row spacing of
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about 0.07 m. The same maize and peas densities adempted for their respective sole crops, thus,
giving an additive design. Weeds were controlledhéagd weeding at 14 and 28 days after sowing (DAS).
Peas matured earlier (85—-90 DAS) than maize (1Z20-0&S). The mature peas were left in the
intercrops whilst the maize matured.

Weather conditions during the experi-mental peiiototh years

Weather data are presented in Table 1. Rainfallgtaetere similar but in 2000 there was less raim (1
mm) from sowing to 100 DAS compared to 152 mm iQ@20Mean daily solar radiation in 2000 was 13.1iJ
2 compared to 15.9 MJ-fin 2001.

TABLE 1
Total rainfall mean minimum and maximum temperatumed solar radiation for decadal periods during tjrowing season in
2000 and 2001

Rainfall (mm) Min. temperature Meemperature Solar radia
(°C) ©) (MJm 2 d)

DAS 2000 2001 2000 2001 2000 2001 2000 0012
0-9 5.6 0.3 11.2 9.5 20.0 18.1 17.4 13.1
10-19 7.7 1.4 12.0 6.2 21.1 173 15.7 18.3
20-29 22.8 32.1 11.9 8.5 20.0 19.8 125 20.0
30-39 22.7 0.4 10.9 13.1 18.2 25.0 12.0 20.0
40-49 0.0 19.3 104 14.2 021. 23.0 19.4 20.1
50-59 18.1 16.6 14.0 10.1 248 20.1 17.0 155
60-69 4.2 0.0 13.6 13.0 23.6 26.8 14.0 141
70-79 8.0 47.1 11.5 11.4 226 219 16.3 19.3
80-89 18.0 32.9 10.2 13.9 20.1 231 12.7 13.3
90-99 55 6.0 125 11.7 21.4 226 10.1 15.1
100-109 42.2 145 11.4 104 18.1 18.7 7.8 14.4
110-119 38.4 14.0 9.5 9.9 174 16.3 8.0 9.0
120-129 41.0 40.9 6.8 8.9 141 195 6.9 13.6
Total/Mean 2342 2225 11.2 10.8 20.2 20.9 13.1 15.9

Source Shinfield Weather Station, 2000 — 2001, Uniugrsf Reading,United Kingdom.

Crop measurements

Plants were sampled during vegetative growth, flavge tasselling, near physiological maturity and a
maturity. At each sampling, plants were harvestechfl n¥ in each plot by carefully uprooting each
plant. This gave six maize plants and 69-71 peatplper sample. For the intercrops maize and peas
were separated into their component crops. All daspere separated into their various above ground
components of leaf, stem, flowers, pods, ears aad and fresh weight was immediately determined. Al
the six maize plants were used for leaf area détation whilst for peas only eight plants were used
After the leaf area measurement the samples ware-dried at 82C for 72 h and their dry weight was
measured. Final harvest samples were taken at@325mDAS for peas and maize, respectively, in 2000
and at 89 and 123 DAS in 2001, for dry weight yiditermination. Above ground dry weights were
used to calculate the final RUE and CRUE.

Radiation measurements
Transmission of photosynthetically active radiat{®AR) of the sole and intercrops was measured
using a Sunfleck Ceptometer (Delta T Devices), wigensor length of 80 cm. Measurements were taken
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at four positions in each plot at least 1 m awayrftthe edges of the plot. Before the maize grewabo
the peas, measurements were taken at the top catiopy and below. When the canopies were distinct,
three measurements were made, above the canpmbdve peas (), and below the canopy (1), but only

the total interception by the intercrops was com@d. Measure-ments were normally taken between
10:00-14:00 GMT. Readings were taken weekly, fr@émd3106 DAS in 2000 and from 25 to 127 DAS
in 2001.

The fraction of PAR transmitted (T) was calculassd/| The fraction of PAR intercepted (F) is then

1-T. Daily values of the fraction of radiation irdepted was given by linear interpolation betwetn t
days of measurements. Daily totals of absorbed B¥aRwere calculated assumed that daily incoming
PAR was 0.5 of daily incoming solar radiation (Meittt, 1972) and that crops reflect 0.1 and, theegfo
absorb only 0.9 of the intercepted PAR (GallagheéBig€coe, 1977). Daily incoming radiation totals wer
taken from an automatic weather station (CampBelentific) adjacent to the experimental site, ronf
a Kipp solarimeter at the University of Reading eoeological station about six km from the
experiments. These two records were virtually ibaht Cumulative absorbed PAR was totaled from
emergence to maturity.

The radiation use efficiency (RUE) was given by W,)/(R, — R) where W and W were theabove

2
ground dry weights and RindR, the corresponding cumulative absorbed PAR at titpasd § from

sowing. The cumulative radiation use efficiency (@} was calculated as ¥R. This represents, at any

time, the mean RUE over the period from emergeodbat time. As it is based on measurements of dry
weight at a given time it is subject to less samplrariation than RUE. The final value gives theray
RUE for the life of the crop. On days when leafaameas measured, extinction coefficients were
calculated from the relationshipI exp

(-kL) (Monski & Saeki, 1953), thus, k = -(In (T)/

Statistical analysis

Analysis of Variance (SAS, 2000) was used to lamkdifferences in the fraction of PAR intercepted
and final dry matter between replicates and treatmeThere were significant differences between
treatments but not for replicates. Mean separati@as done using the least significant difference{)&t
5%. No data were transformed prior to statisticellgsis. For both variables, therefore, RUE and ERU
were calculated from treatments mean values ofrartger and absorbed PAR.

Results
Fraction of PAR intercepted by entire intercrop
In 2000 light interception was greatest in the riert@ps, followed by the sole peas with sole maize
intercepting the least (Fig. 1a). At 36 DAS theesiotops and the sole peas were intercepting mare th
0.5 of the incident irradiance whereas sole maiteréepted less than 0.2. The maximum interception
was achieved by 71 DAS for all treatments excefd swize (Fig. 1a). Nancis intercropped with Maro
intercepted the most followed closely by Sophyriertepped with Maro. Both sole peas intercepted less
radiation compared to their intercropped countéspdout significantly more than sole maize. However
by the end of the season the sole maize treatmenes intercepting comparable amounts of radiation
compared to their intercrop counterparts (Fig. Tde figure shows that the PAR intercepted by the
intercrops, after peas matured, included that ¢efgted by the pea stubble, which was not removed.
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Fig.1. Fraction of PAR intercepted (a) 2000 and 26901 as affected by morphologically contrastingize-pea cultivars in
intercropping and sole cropping. Sole crops oizmare NancisN) and Sophy$). Sole crops of pea are Mard ) and
Princess®). Intercrops are defined by the initial for mafalowed by that for pea. For sole maize thehdalslines show
the original values measured and the solid linesvéilues calculated from extinction coefficienBars show LSD aP =
0.05.
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Fig. 2. Cumulative absorbed PAR (M\]'a)w (a) 2000 and (b) 20001 as affected by morphobldlyiccontrasting maize-pea
cultivars in intercropping and sole cropping. Saleps of maize are Nancisl and Sophy$). Sole crops of pea are Maro
(M) and PrincessR). Intercrops are defined by the initial for mafeiowed by that for pea. For sole maize the dediees
show the original values measured and the solaslthe values calculated from extinction coeffitsen

In 2001 light interception was greatest for Prirscés pure stand and for maize intercropped with
Princess. Maro sole and intercrops intercepted s sole maize intercepting the least (Fig. 2b).
Princess sole and intercrops were interceptingr theiximum radiation of about 0.94 at 71 DAS
compared to sole Nancis intercepting only 0.73 @ophy 0.68. After 99 DAS intercrops and sole maize
crops were intercepting similar amounts of radiatibhe pattern of radiation interception was simita
both seasons. However, whilst Maro intercropped wilaize and in pure stand intercepted the most
radiation in the first year, in the second yeané&ass sole and intercropped intercepted the mdisttian.
Sole maize in both years consistently intercepéss than 0.5 incoming PAR from beginning to mid-
season.

The fractions of radiation intercepted were useddlaulate daily-absorbed PAR and radiation RUE.
The RUE for the intercrops and sole peas seemesbmable but the RUE for the sole-cropped maize
early in the season were unreasonably high, abgt MJ3* m?2. Careful examination of the dry weights
and radiation data showed no errors. It seemstligainterception values were rather low for theesol
maize. The experimental technique of measuringfrdietion of transmitted radiation is similar to tha
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employed by other workers, but it may be that thmder estimated the radiation intercepted in the so
maize plots grown at a relatively low density, hesm of the capture of diffuse radiation by isolated
plants. A second possible cause was leaf rollirmpoked in maize at mid-July during a period of difttu
spell. The dry spell experienced during the 20Gksee was also unusual, thus, further compoundiag th
problem encountered in the current study.

Values of extinction coefficients (k) for sole maiare given in Table 2. In both years the values
obtained early in the season were erratic andcodaitly low at 51 and 53 DAS. These days were
excluded from analysis. The data from both yeanewp®oled and regression of —In (T) on L (leaf area
index) for each cultivar gave regressions withriceépts not significantly different from zero (Tat8g
Thus, the regressions were forced through therofagi the slope k, giving values of 0.71 for Nanaisl
0.66 for Sophy.

TABLE 2
Total above ground dry weight (g3mf maize and pea

2000 2001
Sole pea Maro 741 560
Princess 858 738
Sole maize Nancis 1397 1342
Sophy 1186 1134
Maize Pea Total Maize Pea Total
Intercrops Nancis-Maro 810 921 1731 946 533 1479
Nancis-Princess 1007 621 1628 855 662 1517
Sophy-Maro 816 741 1557 950 481 1431
Sophy-Princess 927 783 1710 596 772 1368
S.E. 67 101 111 50 58 69
Error d.f. 6 6 15 6 6 15
TABLE 3

Values of extinction coefficients (k), leaf areddr (LAI) and fraction of interception by sole cpel Nancis and Sophy

Year DAS LAl (N)  LAI(S) Fraction of Fraction of Extinction Extinction
PAR PAR coefficient (k)  coefficient (k)
intercepted intercepted
(N) S) (N) (©)
2000 28 0.07 0.08 0.02 0.05 0.30 0.62
2000 51 1.74 161 0.29 0.24 0.19 0.17
2000 118 1.53 1.62 0.73 0.74 0.85 0.82
2000 126 1.54 1.6 0.73 0.74 0.84 0.83
2000 140 1.92 1.98 0.73 0.74 0.68 0.67
2001 31 0.19 0.14 0.11 0.05 0.61 0.38
2001 53 1.52 1.37 0.31 0.22 0.25 0.18
2001 79 2.12 2.09 0.73 0.68 0.62 0.54
2001 123 1.79 2.26 0.70 0.72 0.68 0.57

The fraction of radiation intercepted by the solaize was re-calculated using these extinction
coefficients and the measured leaf area index shi@ml). In both years these recalculated values
increased interception early in the season, busohe maize still intercepted less radiation tHadther
treatments ranging from 0.6 to 0.7 by 50 DAS.

Cumulative absorbed PAR
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The cumulative PAR absorbed in 2000 is shown (E&). The two lowest lines are those for the sole
maize using the original measured low fractionariception values, whilst the middle lines are éos
obtained using the new values of fractional intptiom recalculated using k and L. The intercropd an
sole pea treatments absorbed significantly more BARpared to the sole cropped maize. Sole pea
absorbed only slightly less than the intercropse gleatest absorbed PAR by 106 DAS was by Nancis-
Maro (445 MJ i) followed by Sophy-Maro (432 MJ - Sophy-Princess absorbed 420 M3 amd
Nancis-Princess 416 MJin Sole Nancis absorbed slightly more PAR (280 M) timan Sophy (263 MJ
m?).

In 2001, Princess in pure stand absorbed the High&R followed by Sophy-Princess and Nancis-
Princess (Fig. 2b). At the end of the season (12%)the intercrops had absorbed significantly highe
PAR compared to their sole cropped counterpartanM®AR absorbed at the end of season were Nancis-
Princess (507 MJ A), Sophy-Princess (505 MJ3n Sophy-Maro and Nancis-Maro (453 MFynNancis
(308 MJ n?), Sophy (287 MJ rf). Princess and Maro by harvest at 90 DAS had aksio397 MJ m and
314 MJ n?, respectively.

The absorbed PAR for all treatments was highelOiiil2compared to that obtained in 2000. In 2000,
maize intercropped with Maro resulted in highercaibed PAR compared to the intercrops with Princess
or the sole crops. However, in 2001 Princess soletercropped consistently absorbed more PAR alue
than Maro. Nancis in pure stand consistently alebrbore radiation than Sophy.

Final above ground dry matter

The dry matter obtained in 2001 for the intercrapd sole peas was greater than in 2000 (Table 4).
However, for sole maize, the dry matter in 2000 @#sgreater than in 2001. The mean final dry matter
achieved in 2000 were 1393 g?rfor intercrops, 1317 g tnfor sole maize and 541 gifior sole pea,
whilst in 2001 the values were 1521 ¢ for the intercrops, 1222 ghfor sole maize and 649 gaitor
sole pea.

TABLE 4
Regression of —In T on L for Nancis and Sophy tlkégegression forced through the origin

Cultivar Slope Intercept 2y K
Nancis 0.694 (0.080) 0.030 (0.122) 0.937 0.7113019
Sophy 0.626 (0.0987) 0.055 (0.159) 0.892 0.6554(0.0

Radiation use efficiency (RUE)

In Fig. 3 RUE was plotted against the end day ochgaeriod. The intercrops and sole Maro had the
highest initial RUEs (2.0-2.2 g MJin 2000 (Fig. 3a). Sole maize and sole Princesslbwer RUEs of
1.8, 1.5 and 1.2 g MJor Nancis, Princess and Sophy, respectively. Tdftae sole maize generally had
higher RUE than the intercrops. At 115 DAS the bigghRUE were obtained for the sole Nancis (5.5 g
MJ?), Nancis-Maro (5.2 g M) and sole Sophy (4.8 g MJ Intercrops with Maro had values of 3.0 g-MJ
thut those with Princess were lower (2.6 g*MJhroughout the season, sole peas had the |laabsts
ranging from 0.9 g Mto 2.4 g MJ-.

In 2001 the sole maize had initially lower valuwesnpared to the intercrops. However, for much of
the season the intercrops had comparable RUE hdtlsdle maize. The sole pea had considerably lower
values throughout the season (< 2.0 g"M$ole Nancis had greater RUE than Sophy for nofcine
season (Fig. 3b).
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Fig. 3.Radiation use efficiency (g |\7|]3) (a) 2000 and (b) 20001 as affected by morpholdlyicontrasting maize-pea cultivars
in intercropping and sole cropping. Sole crops afza are NancisN) and Sophy ). Sole crops of pea are Mad Y and
PrincessP). Intercrops are defined by the initial for mafalowed by that for pea.

Cumulative radiation use efficiency (CRUE)

The first observation of CRUE is the same as thé&Rlgscribed above. Subsequently, in 2000 sole
maize treatments recorded consistently higher CRiEthe sole peas lowest throughout the season (Fig
4a). At the end of sampling the overall CRUE attdiwere Nancis 4.6 g MJSophy 4.2 g M3 Nancis-
Maro 3.7g M3, Sophy-Maro 3.9 g MJSophy-Princess 3.8 g MJNancis-Princess 3.6 g MJole Princess 1.9
g MJ* and sole Maro 1.2 g MJ
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Fig. 4. Cumulative radiation use efficiency (g-)1¢a) 2000 and (b) 20001 as affected by morpholilyicontrasting maize-pea
cultivars in intercropping and sole cropping. Saleps of maize are Nancibl and Sophy$). Sole crops of pea are Maro
(M) and PrincesdR). Intercrops are defined by the initial for mafaéowed by that for pea.

In 2001 intercropping both maize cultivars with Maesulted in consistently higher CRUE in the
early part of the season compared with the otherdrops and the sole maize and pea (Fig. 4b)hét t
end of the season the final CRUEs were similarsfole maize and intercrops: Nancis (3.4 g'MJ
Nancis-Maro (3.3 g MY, Sophy-Maro (3.2 g M and Nancis-Princess and Sophy (3.0 g)M3ophy-
Princess (2.7 g MJ. Sole peas again had lower values with Pridc@sgVi3 and Maro 1.7 g MJ

The values of CRUE for sole maize were similarha 2 years. The intercrops with Maro had greater
CRUEs in 2001 than 2000. In 2001 the intercrops tyaeater initial CRUE than the sole crops but
similar with the sole maize for the rest of thessea

Discussion
Many studies, mostly tropical, have shown thatrortgps intercept more PAR than sole crops; Sivakuma
& Virmani (1980) for maize-pigeon pea intercro@@andy-opadhyay (1988) for sorghum and mung bean,
and Tsuboet al (2001) for maize bean intercrops. The presamystonfirmed that the intercrops
captured more radiant energy than sole crops,heutlifferences between the intercrops and thepse
crops were relatively small and not significant.eTéuperior interception by the intercrops might be
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attributed to the complementarity in time and higblant populations for the intercrops. Pea hdasa
initial growth rate compared to maize and coverbd $oil surface very early resulting in higher
interception of photosynthetic active radiation gamed to maize. However, after maturity of pea the
intercropped maize grew rapidly and was intercepsimilar or slightly greater PAR than the sole zrai
crops.

The concept of CRUE has been used to assess oadigte efficiency for intercrops and sole crops.
The CRUE represents, at any time, the mean RUE tbeeperiod from emergence to that time. As it is
based on measurements of dry weight at one tirisesiibject to less sampling variation than RUE. The
final value is the overall RUE for the life of tteeop. This is, therefore, a better and more retiabl
approach to determining RUE than the ubiquitousesgion of dry matter on intercepted PAR or
absorbed PAR.

As expected, RUE and CRUE were greater for soleentian for sole peas. Seasonal values were
about 4 g MJ for maize and between 1 and 2 g"Mdr pea. This is consistent with general diffeeen
between Cand C crops. Squire (1993) reported RUE of 4.5 g*MAR for tropical Gcereals compared
to about 2.5 g M3for legumes and other,€rops. Sinclair & Muchow (1999) concluded thangeally
C, species have higher RUE thangpecies because of differences in photosynthatiés rand the energy

content of plant products, but there are exceptidhe valuesneasured here for maize are similar to the
higher values in the literature (e.g. Kingyal, 1989; Daughtret al, 1992; Tollenaar & Aguilera, 1992;
Andradeet al, 1993). The values for pea are similar to th61g MJ intercepted PAR reported by
Heath & Hebblethwaite (1985).

The initial values for maize were low, possibly &ese of overestimation of radiation interceptioh bu
are of little consequence in determining seasoafles. Low temperature after sowing may also be
responsible for low RUE in maize (Andradeal, 1992). In both years, Nancis absorbed sligimtye
radiation and had slightly greater RUE and CRUE tBaphy (hypothesis a). There were no consistent
differences in RUE between the sole pea cultivadaro had more leaf area and greater radiation
absorption than Princess in 2000 but in 2001 Psmdaatercepted considerably more radiation tharoMar
The differences in performance of the two pea al§ could be ascribed to the differences in rdlinfa
distribution in 2000 and 2001, and the physiolob@al morphological differences between the two pea
cultivars.

In 2000 the intercrops had RUE and CRUE valuesnmdiate between the high values of sole maize
and the lower values of sole pea. The final CRUEe&were in the range 2.4-2.9 g"MIh 2001 the
final CRUE for the intercrops were slightly greatemnging from 2.7 to 3.3g MJand similar to that of
sole maize reported by Sivakumar & Virmani (1983#)rhaize pigeon pea intercrops.

Resource capture and use differed between the catidnis of cultivars (hypothesis d), but also védrie
between years. The radiation absorbed by thechujes was dominated by that of the pea component,
with Maro capturing more in 2000 and Princess i612(hypothesis d). However, in both years intersrop
with Nancis as the maize component had higher CRidBE Sophy, as found for both sole crops. More
detailed investigation is required to establish thbe these differences resulted from morphologizal
physiological differences between the cultivarseJédnfindings have significant implications, partcly
for farmers in the savanna agroecology where imipping of cereals with legumes are the dominant
cropping systems, and where resource capture amdangs critical. Most farmers in these ecologies
usually use their local landraces in the intercrapsnost of the improved varieties, particularlywpeas,
perform rather poorly in the intercrops. Optimabgicharacteristics of the cereal and legume crops a
therefore, very important for optimum and stablkdds.

In this study the erect leaved maize cultivar drel gemi-leafless pea were most compatible as they
intercepted and used photosynthetic radiation miisient compared to the droopy leaved maize &ed t
normal leaved pea. This cropping combination alsofgpmed best in years of adequate rainfall
distribution and in years where the rainfall disiition was erratic. This kind of rainfall distrilbon is
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typical of the arid and semi-arid savanna agroegpeto of the tropics. Therefore, farmers in these
agroecologies will have to select intercrop pagnkearing in mind the compatibility of the crops
morphology and physiology, if yields are to be ojitied and maintained in component crops.

Conclusion

The results of the study emphasize that radiatapiure and efficiency of use in sole and intercrags
greatly affected by morphological characteristi€she component crops. The intercrops and sole peas
had relatively similar radiation interception frotine beginning to mid-season. The sole maize crops
intercepted the least radiation until mid-seasonl&ier intercepted amounts similar to the intepsto
Nancis in both intercrops and sole crops absorbek rRAR than Sophy. Due to the variable nature of
radiation use efficiency, as been mentioned eapliein the introduc-tion, the cumulative radiatiose
efficiency was found to provides a reliable andtaneasure of radiation use efficiency.

The sole peas had consistently lower radiationcaimaulative radiation use efficiencies compared with
the intercrops and sole maize. In 2000 the solzerlaad a higher cumulative radiation use than the
intercrops and sole peas. In 2001 the intercropk smte maize had similar cumulative radiation use
efficiencies, suggesting an increase in the ramhatise efficiency of pea within the intercrops. In
selecting intercrop partners the morpholo-gical phygsiological compatibility of the component crops
should be of paramount importance.
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