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SUMMARY

The nse of growth resources i examined in an intereropping combinntion of carly
sorghiin (82 days) and lateranuturing pigeonpen (178 dayn) in o row arrangement of
2 sorghum: 1 pigeonpea.,

Prior to sorghum harvest, light interception by the intererop combination was almost
as high as sole sorghnm, After sorghn harvest, light intereeption by the remnining
pigeonpen was very poor and it is suggested that pigeonpea yicld could be inerensed
with higher plant population density and better plant distribution. Soil water
measurements indicated that this would inerease the smount of water heig transpived
through the erop but woukd not inerense the total evapotranspiration detnd. Higher
nutrient concentrations in the intererop pigeonpea compared with sole pigeonpea
during this post-sorghan period suggested thut yield of intererop pigeonpen was not
limited by nuirient stress, though the total uptake of nutrients by both erops was
mueh greater from intereropping than sole eropping.

INTRODUCTION

Part | of this series (Natarajan & Willey, 1980)
cinphasized the need for doailed studics on inter-
cropping to provide a sound seientific basis for
vield improvement. Growth and yield dats wero
-«-y:ur(ul for an iatereropping axpurunom, un

MATERIAL AND METHODS

Exporimental detnils wore given in Part 1
(Nutarajun & Willey, 1980). Measurcments on
resouree use were carricd out over all three repli-
cutos but only on certain treatments, For light
interception and water use these were: 8y, sole

(Sorghum bicolor (L.) M h) - p

(' u_;anuv cajan (I..) Mill.) in which plant pnpulu.tmn
density was varied at n constant 2 sorghurn:t
pigeonpea row arrangement. It was shown that
this combination could satisfy the farmers’ primary
objective of producing a ‘full’ yield of sorghum
(i.e.. us much asa sole crop) whilo giving ‘additional’
vields of pigoonpea of up to 739 of u sole pigeonpea
vield.

The most commonly suggested reason for higher
vields in intercropping eompared with sole cropping
is that the component erops make ‘conplemontary’
use of resourcos and therefore achiove better over-
all resree use when growing t.ut.m.lmr. Thia paper

use in the exp
earlier and considers ways in which the ymld
advantages of this intercropping bi

gl (optitnum density 180000 plants/ha); Py,
sole pigeonpen (optimum density 50000 plants/ha) ;
8,P,. intererop (80000 plants/ba sorghum+ 25000
plants/ha  pigeonpea): NPy intererop (180000
plants/ha sorghium + 50000 plants/ha pigeonpea);
8,P,, intorerop (320000 plantx/ha sorghum + 100 000
plants/ha pigeonpea). For nutriont uptake, only
the solo and 8P, treattments wero examined.

Light intereoption was measared with tube
solurimetors sensitive 1o all solar radiation wave-
lengths (Szeicz, Monteith & Dog Santos, 1904), and
with a roecording surface 67-5 em long. Crop rows
were in an approximatoly N-$ direction and row
width was 45 cin. Two solarimeters per plot were
placed at gronnd level across the rows to ecover
exactly three rows in euch sole crop plot and the

might be further improved.

full 2 sorghum:1 row pattern in the
intercrops, One replmuto por day was recorded by
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T 1, Light interception by sole erops (—) und intererop (---) of sorghum () and pigeonpen (C2).
In intererop ench erop is at the same plant population density us its sole erop (i, NPy troatment),

attaching eaeli solavimeter to an individual inte-
grator (Times Eleetronies Ltd) for a full 24 h
period, Different replicater were recorded on eon-
seentive days 1o give a 3-day average for each
treatment. Pereentage intereeption was ealeulated
by comparison with a *eontrol” solurimeter placed
above the erop aud integrated every duy. Absolute
incident energy was assumed to be that recorded
at the International Crops Researeh Institute for
the Semi-Arid Tropies (ICRISAT) meteorologienl
site with a Kipps-Zonen solarimeter,

Soil moisture was monitored every 156 duys using
gravimetrie detennination in the top 22-5 em and
a neutrou probe for lower mcasurements at 15-cin
intervals to a depth of 12745 em, Access tubes were
sited between the evop rows, and for each replicate
these totalled four for cach intererop plot and two
for each gole evop plot,

Nitrogen, phosphorus and potassivan contents
were detormined on a whole plant basis from the
dry-natter suples referred to in Natarsjan &
Willey (1980). For sorghwn, all the five dry-matter
sanples taken at 2-week intervals were analysed;
fur pigeonpea, only alternate samples were analysed
to give five samples at 4.week intervals.

RESULTS AND DISC
Light interception

STON

The sole cropr and 8P intererop are cotnpared
initially (Fig. 1) hecanse in these treatments the
plant population density of cach erop was the
sune inintereropping and sole eropping. Inter.
ception inercased very rapidly in sole sorghum,
and at only 30 days after emergence it was ulready
intereepting more than 70, of the incident Jight.
Peak intereeption of 849, was l'(‘m‘)l.'dt-(‘ ut about
5560 duoys, and thercufter it deelined to 65%, at
harvest. Intereeption inerensed el more slowly
in sole pigeonpea. At 30 days after emergence it
was intereepting only about 109, of the incident.
light. At 60 65 days it reached @ nemr-maximum
vahie of about 709, which was more or less main-
tained until about 110 days; after that it deelined
(o about 309, at finul harvest,

Prior to sorghuim harvest 1t was not possible to
measure light interception of the individual ¢rops.
During this period, combined intereeption of the
8,1, intererop was only a little less than the solo
sorghum intercoption. This was surprisingly effi-
cient because thero was very little pigoonpea
growth at this timo (sec Natarajun & Willoy, 1980)
and the sorghwin component, although at the full
sole crop plant population density, was being
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Fig. 2. The effeet of inereasing the plant populution density of hoth crops on the light intereeption by
the combined intererop, seee, 8,15 = 8oly; e y NPy

grown in only two rows out of every three, Linme-
diately after sorghum harvest, intereeption by the
remaining intererop pigeonpen was only 199, and
the  maximum intereeption that it eventually
attained was only about 50% after approximately
135 days.

Summarigzing 1his intereeption in abrolute terms,

by the time of sorghum harvest the combined
intereeption of the NP, mtererop was 778 MJ/in?
compared with 812 for the sole sorghum and 469
for the sole pigeonpen. By the tine of pigeonpea
harvest, the intererop had intereepted 1347 MJ /in?
compared with 1243 for the sole pigeonpea,
_ Prior to sorghimm harvest, combined intereeption
by the different intererop treatments showed a
small but consistent response to inerease in plant
population density, expecially hetween 8,1, and
NP (Fig. 2). After sorghum harvest there was no
observable response, despite the snnll yield rospons
ses reported in the carlier paper.

The efficieney of conversion of light energy was
examined for each treatinent by caleulating the
slope of the lincar regression of acewnulated dry
matter against aceunulated light energy (Fig, 3).
Nole sorghum was mueh more efficient than sole
pigeonpea, presimnably refleetiug the respective Cy
and Cy photosynthetic pathways of these crops.
Prior to sorghum harvest, all three intererop
treatments showed efficiencies more typical of

sorghum than of pigoonpes, no doubt because
sorghum was vory mueh the major component,
Tho intererop treatments also showed an increase
in efficiency with inercase in plant popualation
density, the overnll difference between 8,1, and
Nyl'y being significant (2 < 0-05), Both the 8,1
aned 8,8y trentments showed higher effiei than
the golo sorghum, and although these difterences
were not signiticant they refleet the consistont
patterns of light interception (Figs 1, 2) and «Iv'\-
matter acewmulation (see Natarajnn & Wi
1980). Thus these intereraps did not intereept .m\
more light than the sole sorghum (in (‘u(' S0y
intercepted less), but they produced just as lhlll"l
sorghuny and some additional pigeonpea.

After sorghum hurvest the eemaining pigeonpes
in all three intererop treutuments showed an offi-
cieney of conversion of dry matter very similar to
the sole pigeonpen (Flig. 30 The intererop pigeonpea
put nomuch greater proportion of dey matter into
reproductive prowth compared with sole pigeonpes
but elearly this did not ehinnge the overall rffiei
with whieh pigeonpen was ablo to eonvert
enorgy into total dry matter.

Water use

Total water use was similar for the threc inter.
erop plant population densitics, so only the mean
of theso throe trestments is considered. Total



M. NATARAJAN AND R, W. WILLEY

1600 r

1200 =

800 -

Total dry matter (g/m?)

400 ~

0 1 . ! 1 | ]
200 400 600 800 1000 1200
Cumulative light energy i pted (MJ/m?)

Fig. 3. Total dry matter accumuluted by sole orops and intorerops of sorghum and pigronpea compared
with cnmulative light enorgy intorespted, S, P (@); 8,75 (W) 83l (A): Py (2): 8 (20

Tercentage concentration

Days after emergence

Fig. 4. Concentration of N, P and K in total dry matter (%) in solo sorghum (—) and intererop sorghum
(---) at the same plunt population density (8,Py). I, 4.k, of the individual moan.

water use was also little affe 1 by ppi pping was 434, 430 and 417 mm, respec-
wystem. During the sorghum Q..l‘()\illl). period, totnl tlvoly After sorghum harvest, it was 154 and
water use by sole sorghum, solo pigeonpea and 168 mm for sole and intercrop pigeonpes, giving



Sorghum~-pigeonpea intercropping. 2

Sorghum harvest

Sorghum harvest

I = I z |= = I I I |z T = = x|
0 byple ! 1 1 AL A 1 L - L ! 1
35 75 115 155 s 75 115 155 35 75 15 155
Days after emergence
Fig. 5. Concentrution of N, P and K in total dry matter (%) in sole pig (=) nnd i p pigeonpen
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virtually identical scasonal totals of 584 and
585 mun for these two treafments.

Estimates of the proportion of total water uso
actually transpired through the erop were made
on the hasis of tho amount of incident energy
intercopt~d by the erop. For the period after
sorghum harvest, this was 78% (120 mm) and
#5027 (101 mm) for tho sole and intercrop pigeonpea,
respeetively. Thus, as expeeted, the sparse canopy
of the intererop pigeonpea resulted in loss water
being trauspired throngh tho crop. As scen sbove,
however, the total demand on the soil profile was
similar, presumably beeause the sparse intercrop
canopy also all 1 greater evary ion from the
»woil surface.

Nutrient uptake

On a whole plant basis, the N concentrations of
wole and intereropped sorghum showed no signifi-
cant differences at any of the five sampling times
(Fig. 4). In contrast, tho P and K concentrations

signifieant, Approximately at the time of sorghum
harvest, this puttern was reversed and concentra-
tions beenme higher in the intererop, especially for
P; thess differences were maintained until pigeon-
pen harvest. 1t is possible that in the post-sorghum
growing period, theso higher nutrienta concentra-
tions in the intercrop were partly related to the
higher proportion of dry matter going into repro-
ductive growth (sco Natarajan & Willey, 1980).
But no changes in dry-matter partition occurred
to explain lower concontrations in the earlier
samples. Thus these results suggest that during the
sorghuin growing period the pigeonpea was the
poorer competitor for nutrients; after sorghum
harvest, however, the intercrop pigeonpea prob-
ably suffered less nutrient stress than she sole
pigeonpea.

Dalal (1974) examined nutrient uptake in maize~
pigeonpea intercropping nnd found that the sule
maizo took up a greater quantity of nutrients than
intereropping. But Dalul’s intercropping situation

1

in the earlier samples were higher in the i P
(and occasionally significant), suggesting that at
this stage the sorghum was more competitive for
these nutrients, By the time of sorghwin harvest,
there was no consistent difforence in P concen-
tration; however, there was still & slightly higher
K concentration, which was significant. Since the
total dry matter of sole und intercrop sorghum was

was & ‘ref t' one in which the total plant
population density was cyuivalent only to either
wole erop optimun, Caleulations of nutrient uptuke
in the present experiment emphasized the groater
nutrient demands that may be made at higher
plant population densities, especially when the
cercal crop is producing a ‘full’ yield (Fig. 6).
(A)mpared with sole sur;,hmn. the ‘additional’

very similar, these p of nutrient
tion closely reflect total uptake.

"T'ho sole and intercrop pigeonpea showed a very
distinet, and similar, pattern for all threo nutricnts
(Fig. 5). In the two earlieat samples the concon-
tration of all nutricnta was lower in the intercrop,
especially for P and N for which the cffects wero

geonpea intorcrop Ited in the uptake of 13%,
more K by the time of sorghum harvest; by puzeon-
pea harvest, the uptake was 589% more N, 319%
more P and 329, more K. Some of the N could
obviously have originated from fixation, but the
P and K figures indicate additional removal of
nutrients from the soil.
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Fag. 8. Total uptuke of Ny P and K in solo erops (Q, P,; (1, 8,) and an intererop (@, 8;P5) with cach
component crop at the samo plant population density us its sole erop.

CONCLUSIONS

It was cmphasized in Part | (Natarajun &
Willey. 1980) that the primary objoctive of main.
tuinmg o " full’ sorglim yield was achieved if the
plant population density of the intererop sorghum
wag equivalent to the sole crop optimum, Thus in
thix situation even the relatively small amount of
tadditional’  pigeonpea during the period of
sorghun growth represented o groater efficiency
of resouree use by intercropping than could be
achieved by sorghum alone. In ters of light use,
this mcreased efficiency seened to occur bocause
the sorghum was able to produce the equivalont of
a full sole erop yickd while growing in only two out
of every three rows, a spatial arrangement in
whiel 1t undoubtedly intercopted less light. This
of has heon quite frequontly reported in ceroal
crops in Indin where rows have been ‘paired’ to
make roum for varioua intererops (All India Co-
ordinted Researeh Projeet for Drylnud Agriculture,
1973: Rao, Rego & Willey, 1977; Shelke & Krish-
nwmoorthy, 1978; Singh, 1979). Considering the
below.ground  resources during this poriod  of
sorghum growth, intereropping had no observable
effeet on the amount of water lost from the profils
but it did result in & 1395 greuter uptake of K.

Awssutning a full mrghum yield, the ob,eclno

soil moisture easuretents indicated that this
would not result in any greater totul demand for
water from the soil profile but would only channel
a greater praportion through the crop. On tho
other hand, a higher intererop pigeonpea yield
would make greator demunds on nutrients, and in
the intercropping treatmments tried in this experi-
ment the total uptuke wus already substantially
more thun sole sorghuns, However, the consistently
higher concentration of nutrients in the intererop
pigeonpes  compured  with the sole  pigeonpea
Auggosts that, at least under the conditions of this
experitnont,  further improvement of intererop
pigeonpen yickl would not be limited by nutricnt
stross,

A rather surprising feature of the results was
that inereasod plant population density of the

1 p pigeonpea did not light intor-
ception after sorghum harvest. One factor may
have been that, in the treatinents m which light
intercoption could be mensured, inerease in pigoon-
pea donsity wus confounded with incroase in
worghum density, .\ further factor inay have been
that pigeonpen density was increased by reduciug
within-row spucing when the main eause of iu-
efficienoy was the inability of the sparsely branched
intercrop to cover neross the rows. 1t is suggested,
tlmufure that better light intereeption may be

then hecomes to maxiinize the intererop

yield, which is mainly dependent on the oﬂncmncy
of resouree use after sorghum harvest. Interception
of light by the intererop pigeonpea was poor
during this period, indicating that yiold might be
improved by having a bLetter canopy cover, The

lent on not just an increased plant populn.
uun density but ulso wn lnproved plant distribution,

Wo thank Mr A, A. H. Khun for assistance in
mensuring Jight intereeption und Mr Piara Singh
for providing the sol mmoisture data,
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