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'ABSTRACT

Intercropplng' of sugar cCane (Saccharum 8p) Wwith maiie_

(Zea mays L. ) was 1nvest1gated 1n fl&ld trlals in Mauritius.

Competitiye relations were studled at 2 sites. When 3
sequential maize crops were ‘grown in non-additive mixtures

withlplant SUgar cane, the'yield of the first was higher andf

that of the second and..the third was lower than expected on :' .

the basié-of sown proportions. Cane over-yielded in a;l‘the'
mixtures at one site but not at the othera.'By“means or.com-
petition functions,fit was shown that the cane'was‘the domi-
nant' species in the mixturee Yleld advantages were not
.observed in these non- addltlve mlxtures

The ‘use of growth factors:- was studled in a series of 4?
--trlals in which one row of malzevwas grown 1n-everyrinterrow
of plant sugar -cane. In one'trial in which the crops were
fertilized and irrigated thenroot systems of the component
'crope were separated by means of plastic” partltlons in the
5011 1n order to prevent competltlon for. below-ground fac-
.tors hAt 15 weeks, the} number of tillers and the biomass of
the cane were reduoea.b; 60 and 51 per cent, reepectively.

This“was attributed ‘to competition for light. Competitipn

_ for below-ground resources was not observed.
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i

In a second trial one or beth of the crops were not fer~:’
z . . ;-' - - . T
tilized, and no-EV;dence‘oﬁvcompetltlon for nutrients was .-

- found. Likewise,.there was no evidence of competition for

"wdter in a trial without irrigation in a dry site, although

the intercropped cane may have experienced more water-stress
i . .“‘__‘ e B -

than the sole cane as an indirect congéquence of competition

for light. With adegquate irrigation, onj%hg_other hand,

.

v

excellent maize yields an&_fulilgane‘yields waé'gbtéinedT-i;

The extent tp;which”maize shaded the cane was measured in

'é ﬁburth trial by'megns ofgiube solarfﬁéférs. At 8 weeks,
the amoun£ §} light Qeaching tHe fép;ofhthe cane canopy was
reduced-Bszah 39, and. 67 per cent by i%tercropping witﬁ
maize at densities of 1.56, 3, 12, and 6.25 plants/m?. . Shad-

ing led to a reduction in the cane grdwtb as measured by

tiller numbers. After the harvest and removal of the maize,

£ b

ti}lefing of thgﬁ“$ane resumeé rapidly. Depending on the
extent teo which tﬁé cane growth wag Effected bfuthe maize,
the final cane yieldomay or may 5;£'be reduced.

The effe;t of maize déﬁsity and planting Qattern ‘was
studied in‘é trials with plant and'é,trials with rétpon sugs

’

._ar‘cane. Maize grain yield increased as plant density was

increased from 2.08 to 6.25 plants/m?. In some trials, even,

~at the lowest density; iﬁfercropping with maize led to a

reduction in the yield of sugar. As the maize density

increased so did the adverse effect on the yield of sugar.’

-~

On ratoon sugar cane, the adverse effect was less pro-.

nounced. The use of paired cane rows did not improve the

_xvi.-

'



/ | ylelds of the 1ntercropped cane. On the contrary, pairing

of cane rows led to’ lower sugar ylelds 1n some trlals

K 1- 2}

Yleld advantages were measured by an adaptatlon of the‘

Tk,

Land Equ1valent Ratio in which the difference in crop.dura74

feld advantages were obtalned in the first season (March)

plantatlons but small yleld advantages were obtalned ‘with

\
'

some mixtures in the second season (August) plantatlons In

the second season, there were substantial 1ncreases-1n gross
o 'margins of up to 50 % with one row of maize in every inter-

-row“of cane at one site.
+

ThlS treatment was also the best in ratoon cane. Yield_

advantages of up to 42 per cent and increases in gross mar-
o _ glnsi of up to 51 percen_t_ were obtaimed with a den51t¥_, of

4.17 plants/m?, achieved by growing one row of maize in

every interrow.of cane.

The 1mp11cat10ns of ‘the findings of the competltlon and- -

agronomic: studles ate discussed in relation to the develop-
ment of a strategy for:maximizing-the total prodqctivity and

economic returns to land in Mauritius. - . C -

E R
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.- tiops Wwas taken into account. With plant sugar cane, no
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- RESUME

La cuituré_du,mais (Zea mays L.) en intercalaire de la

~ N o ' . /r o . 2 N .
canne ‘a sucre (Satcharum spi) a ete etudieée dans des essais
. . g .
,7:’1\ . ¥ A . ' ) .
aux champs a.l'ile Maurice. . : - .
’ . . P ~ . .
La competition entre. les 2 especes a fait l'objet d'une
z ‘ x 3 * e bt P
etude dans 2 sites. Trois cultures successives de mais ont

’ s . - ‘ ’ ‘e . L : .
été faites en mélanges non-additifs avec la canne vierge.

.\ A R
Le rendement de la premiere culture éetait superieur alors

. Y . Y rd . .
r..gque celui de la deuxieme et de la troisieme culture etaient
. - L]

Ta

N . s . ~

inferieurs aux rendements escomptes par rappeort a la propor-
. - . Id . . ' A

tion de mais dans les melanges. A l'aide de fonctions de

I's . . Ll B : ~ A
competition on a demontre gque des deux especes, la canne
N ‘

ftait celle qui dominait. Ces mélanges non-additifs n'ont

S N -
pas donne de gain en rendements. 7

. - ’ D4 s .
Quatre essais ont porte sur l'utlg;satlon des facteurs de
. Y - . )
croissance par le melange d'un rang de mais entre_ chague
[ s KIS

-
~

"rang de la canne Vvierge. Dans un premier essai ou_ les

ne

espéces é%aignt fertiiisééé eé.irriguéés,_on £ sébar5 lés
gystémes raﬁiﬁéires par Aés cloisons en piastiquéﬁ pour
empgcher la compé%ixion pour les facteurs souterrains. A"15
semaines, le nombre de talles et la ‘biomasse de la canne

étaient réﬁuits par 60 et 51 pourcentz.respectivemenf. Ces

s . L /o~ L .
reductions ont ete imputées a la competition pour la lumi-

. T = xviii -

4,



ere. Par contre, "la competltlon pour les facteurs endoges
n'a pas ete observde. -

Dans un - autre essai, ou l'une ou l'autre ou aucune des
' ' - ) Vi, ,
cultures n a,regu de fertilisants, on n a _neanmolins pas reus-

si A mettre en. evidence la competltlon pour les elements

-

nutritifs. De méme dans un tr0151eme essai dans un endr01t

sec sans irrigation, 'on n'a pas observe de competition pour

. ) ’ ~ . s
1'eau. Toutefois, la canne intercalee a peut-etre ete plus

o - :
‘sérieusement affectée par le mangue d'eau que -la canne noh-
. . /. s - . .
associee, et éela etait une consequence indirecte He La com-~
s, . )
petition pour la lumiere.
' . . L. s LN
Dans un autre essai on a utilise des sclarimetres tubu-
, - . N ..
laires pour mesurer 1l'attenuation de la lumiere par .le mais.
PN l . o’ N oA
Ainsi, a 8 semaines, la quantite de lumiere sur la wvoute de
4 . -~ . e
la canne etait reduite par 28, 39 et 67 pourcent par le mais
~ L .
a des densites de 1.56, 3.12, et 6.25 plants/m?, respective-
ment. L'ombre du mais sur la canne a éu pour effel une

’, o . - - ) -
réduction de la croissance de la canne qu'on a detectee par

le nombre de talles. AprEs la recolte du'mais“:le tallage

de la canne a repris rapidement. En fonction des effets
plus ou moins importants sSur la pousse de la canne; la

»

I3

récolte finale dtait plus ou moins affectée.

L'influence de la densité du.mais et de la méthode de
culture ont €té€ ctudieces dans 4 essais avec la -canng vierge
et 3 essals aveo_la canne de repousse. Le rendement du mais

grain augmentait avec. la densite’de peuplement entre 2.08 et

- Xix -
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6.25 plants/m?. Dans certains essais, meme a la densite
. s L | . . ’
inferieure, la culture interealaire de la canne a mene a des

o C L ’ . s
reductions en- rendement de sucre. Cette reduction etait
oL . AN ., 7 . ' N . /s
directement liee a la densite du mais. La reduction etait

. o ‘ ’ .
moins marquee sur les repousses. La plantation de cannes en

. A L -~ , .
rangs jumeles n'a pas donne lieu a de meilleurs rendements.

. - . - ]
Au contraire, dans certains essais, les rendements etaient

.

- ‘. Ty A . s
inferieurs quand les_rangs etaient jumeles.
) s B o ~ ooy T '
Cn a mesure le gain en ‘rendements a 1'aide du Land

. " ‘ ’ ' '
. Equivalent Ratio' qu'on a amende pour prendre en compte la
N ” P - \ R
difference entre la duree du cycle des deux especes. Avec
la canne vierge, on a obtenu des .gains en rendement avec
. ’ ® N - 4 .
certains melanges dans la deuxieme (aout), mais pas dans la
N ' . . . N .
premiere - (mars) saison. 11 ¥y avait aussi dans la Z2eme sai-
‘oo 0 e . 1‘;
son des benefices bruts considerables, jusqu' a 50 pourcent
/. i .. '
avec le melange d'un rang de mais entre chague rang de
'cannesyj
~ ’ . . .
Ce meme melange etait aussi le meilleur avec la canne de
repousse. Des gains en rendements de 42 pourcent et en
V4 ' .- .
benefices bruts de *51 pourcent furent atteints avec une den-
'd
site de 4.17 plants/m? qu'on a obtenue en plantant un rang
de mais entre chague rang de.cannes.
T , . s
La pqrtee des resultats des essais de competition et des
essais agronomigues est discutee en relation avec la mise au
point d'une - strategie.pour maximiser la productivite totale
- ol ’ . : . ~
et les benefices economigques de l"exploitation de la terre a

I''fTle Maurice.
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C.R.:

GLOSSARY

Area-time Equivalency Ratio. Definition-p. 20.

Competitive Ratio. Definition p.1l6.

Complete Fertilizer: 13:13:20:2. Contains 13% of N and of

ELER:

I.R.R.I.:
I.R.8.C.:

LER:

M.5.I.R.I.

“Plant sugar

Pol %: ..

P,Og, 20% of K,

Effective Land Equivélent Ra%io. Explanation

O and 2% of MgO.

p-19.
International *Rice Research Insﬁitute. Located

at Los Banos, Philippines.

" Industrial Recoverable Sugar Content. Explana?“l

tion p. 68

Land quibalent Ratio. Definiﬁion p. 18.
Mauritius Sﬁéar Industry Research Institute.
Located at Réduit, Maurifiﬁs.

cane: First cycle of crop established from cut-

tings

.Unit of sucrose fontent as determined by a

rolarimeter.
\

Ratoon sugar cane: Crop obtained from sprouts‘dbming from.

"

Rattrapage:

underground stems of sugar cane after 1t has
been harvested.
French term meaning the ability of sugar cane to

offset initial Setbacks in growth. Discussion

. -

pp. 200;7204, 222. _
~ : —
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Recruit:

" SLER:

Spindle:

Stool:

Stover:

Trash:

e

e} —

Relative Crowding Coefficient. Definition p.

14. “o - , . T

Fill in gaps 'in‘ crop stands, in the Jase of

F 3

maize, with seeds; in the case of sugar cane,

with prg:sprouteqfcuttings.

Stapié'Land Equiv;iegﬁ Raﬁio. Explanation p.19.
The thin, tapered ﬁip qf sugar cane shoots con-
sisting of rolled-up leaves. |

A plgﬁt-wignrseveral stems arising together; in

the case of sugar cane, originating from one cut-

P

tinqi - \\

Plant parts left on the field after grain har-

vest of a crop. a o S
Dried leaves of sugar cane stripped off during

growth.

Top‘Visible Dewlap.
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INTRODUC#TON

1.1 The Regional scene.

—_

1.1.1 Foreword _ v

[

Two/ipain approacﬁes- have beeh"proposed for inc:eaeing

food production ir the world: expanding the apge plantedfend@f‘

intensifying production on already-eulﬁiVated"lands (Brad-

field, 1970). The use of presently unrultlvated lands is :

-

not considered to offer much promise because;or_the;excesF_

sive costs of openiné upéthe lards, their marginal quélity,

etc. (Brady, 1970)ﬂ“Moreover thlS second approach is- notgfv
applicable in areas . where arable land is alreedy ve;y_"ﬁ

scarce. In“ﬁeﬁy‘depselﬁ-pdpulated areas,. food production

may”"be severely limited by the small size of the ;ndividuali;fu

farmeris:plots even though there may be land available else-

T

where in the country.

Much effort has been spent on- 1ncrea51ng crop productlon

» u

per unit area. It was one of the aims of the greenmrevolu~

i . -

tion", a term associated with the success 1n several devel-
[

oping countries of highly respon51ve Wheat . and rice

varieties. However, in view of the crltlclsms levelled ‘at

the "green revolution" (see Allaby, 1973; Harwood, 197,,;' :

e



Harlan, 1977), many research finstitutions have modified

'their*.epproach to crop' intensification ' In partlcular,
-~

emphasis 1s now placed on. a consideration of the farmer
within his’ hroed phys;calh,econom1C'and'5901al env1ronment.
This approach requires'that research at improving tradition-

ai-crcpping systems should be based on a sonhd understanding

. of “such systems.

Although’ traditional farming systems in the tropics are

verymdiyerser'they d0~have certain features.in common such

as, fdfuinstence, a- predomlnance of - 1ntercropp1ng This is
the practice of grOWLng two ‘or more crops toqether on the

same_plot. Although 1nterc;opp1ng is anlanc1ent practlce,
it-has not received'muqh'attention from the scientific com-

ﬁunity until recently. In thefpast'aecade,ﬂhpwever, inter-

cropping 'has come under -<incredsing :scientific scrutiny from

researchers ”many'in‘trobical countriesy- This research has
1nd1cated that 1ntercropp1ng can be developqg into a hlghly
preductive agrlcultural tecnnology based on applled erologl-
cal-concepts ” ThlS the51s reports the results of investiga-
tions of the basic prlnclples 1ead1ng to the techno-
logicel_development of one such intercropping system in a
deyeioping country, namelg;the intercropping of sugar cane

" with madze inh Mauritius:
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" the Malagasy Republic.

1.722 Mauritius: elements of geography.

' Mauritius.and its island district, Rodrigues fprm part cof
the Maséérepe Archipelagdmih éhe south west ;ffthe Indian
Ocean. Mauritius is.siEuated.at-latitud% 20" degrees South

- e = . e
and longitude 57 degrees East, about 880 ‘Kilometres east of

.
P

- The island of Mauritius if volcanic in origin. The lgnd‘
rises from a cggstai:plain to a éiggral pl;?eau whose,altie
tude varies from 275 to 725 metrés. |

The climate of Magritiuslis maritime, t;dpical in summer

and sub-tropical in winter (Padya, 1984). Temperature is
mild throughout the year. The mean maximum temperature in
the warmest areas varies from 31.2 ° C in January-February,

the warmest months to 25.9 °© C in Uﬁiy-August, the coolest

menths. Mean minimum temperature in the coolest areas vari-

es .from -20.5 ° C in Januarf—February to 14.9 ° C in July-
August. Annual rainfall varies from less than ‘1000 mm in

parts of the coast‘to more than 5000 mm in parts of the cen-
tral plateau and iF is also véry variable from year to year.
‘Most of the ;ains fall in the summer months in the cyclone
'season' from November to- April. -The freéugntloccurrence of
cyclones characterizes,&he climate of Maﬁfitius. .Cyclones .
-are very damaging to agriculture.
The iéland of Mauritiﬁé‘covers aﬁ area of 1840 square

kilometres. Of this, 57 per cent is cultivated. It ~is

generaily accepted thatlvery little further land can be put



LY}

under cultivation. lIndeédA_some of the mountain slopeé-that

lul.‘

are presently croppéﬁﬂshould probably best be put back under

forest. Furthermore, every year the scountry loses some

N na

agriculturai land, mainly to_grbaniiafion to cater to the
needs of.a‘épowing populétion. Already, the population is
at one millfon, makiné‘héuritius one of the most densely
pOpuléted countries of theé world. - Thé need, to épténsifi‘
crop production ih the face of land scafEify and alérowing.,

populatipn is therefore clear.

\ “‘ : e

3

1.1.3 Rationale and philosophy of agricultural diversification in

Mauritius:

0Of the total area pré;ently cropped, 90 per cent is under
NS ‘ i .,
sugar cane, 6 per cent under tea and the remaining 4 per )

cent under fruits, vegetables and other crops. The agricul-.

ture and the economy 1s therefore dominated by”caﬁe sugar.

production. "
Moreover, Mauritius is presently facing 'severe economic

difficulties. There are increasingly large trade deficits,
partly because of the increasing food import bill cohpared

toc export eqrningsf  FQr instance, .in 1982,*the value of

imported food represented 25 per cent of total impé?ts and

< + .

absorbed abput two-thirds of the foreign currency earnings

from sugar; the main export (Government of Mauritius, 1983).

- Hence, there -is ‘a general consensus around the need to

diversify the agriculture -and the’ economy. ?artiqular

3

emphasis is laid on the pdlicy of "achieving the greatest

.

¥

4
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autonomyfingthe control;ané production,of‘ourffood supplies"
(Boolell, 1980)° -

Agriculturai diversification is not new in jMauritius,
The_country hdd a more diversified agriqulture and economy
until about the . middle of nineteenth century' when, as a
result_efna_guaranteed marketuand price, sugar eane.became
the:dominant'grop. Periodically ever since; ang eanecially
inﬁtimes of war.when supplies were diarupted, efforts have
been mounted to produce more food crops. These efforts have
usualiy. been short-lived ,.NevertheieSs .'new impetus waaju

-glven toJcrop dlver31£1catlon with the. creatlon in 1970 of a
Food Crop Agronomy Division at the- Sugar Industry Research
Institute and with the establishment in 1974 of a Natlonal
Food Production Commlttee to decide on pribrltles and tar—
gets. However[imany obstacles to agriculturai.diveraifica-

~tion stillrpersist—(Wiehe et al, 1984); the twq‘main'ones

being:

A. The climate of‘Mauriti s is eharacterized by the frequent
occurrence oflcycldnés'and rdughta.resulting in devastating

/- _
-effects on food crop plantations. Over the years, sugar

cane ,has been shown to be'the crop that is least affected by
these calamltles and therefore most aaapted to the Mauritian

cllmate

B. Sugar cane enjoys .a relatlve ‘'economic advantage over oth-

©er crops by virtue of its guaranteed market and negotlated
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prices. A large part of the country's sugar producglon'is
sold at réﬁﬂmérative'prices insulated from the world market.
Only about 16 per cent of a poiential ann;él production of
GSS,OOd tonnes .is sold on the world.lnarket (Wiéhe et ail,
198@).' Besides, tgié.;afety margin is Fegu;;ég tg cffset
possible shortfalls due to cyclones and drought and hence,
to. safeguard the.country's export quotés. |

_T@islsituétion‘is translated into.an agriculturai_policy
tbat‘emphagizes 1ﬁténsifica%ion and diver;;ficatlon of agr:-
culture in additioh‘gg rather than at the expense of sugar
cane (Government of Mauritius, 1983). " Based on this policy,

a two-pronged stfateqy ﬁqr.agriCultural diversification has

beeﬁ\defined: o

i

A. Accelerate the developMent‘dﬁ égricultufal activities _
which do not require'aféﬁie land eg. meat, milk, fish pro--
duction. . These represented about 39 per cent-of the value

of food imports in 1983 (Wiehé'g; al, 1984)."

v

B. Make maximum use of sugar cane rotational lands and

-

- . , S , »
of sugar cane ‘interrows fer the production of crops for

'export and for imppft—substitution* The "last-named catecgory

comprised 11 per cent of the value of food imports in 1984.
Of the cropstthat are presently imported and whose produc-
tion in Mauritius has been shown to be possible, maize and

Pean are the most important.



.)4 - Maize in Mauritius: .approaches to increasing production

h1_?
v Malze was/ an 1mportane crop grown: for food by the early
-french colonlsts in the eighteenth cent&ry but 1t was com-
pletely. dlsplaced by sugar cane by the middle of the nine-
teenth century“ Efforts have been made during .the Flrst and
the Second World Wars to increase the broductlon of maize
but these have met with little success. Production was at
its lowest levels of about ZOOt annually in 1961-1964° (Owa-
dally, 1972) Since then, there has De;n an increase to
. . TS

- “abbut'lSOOt‘ln 1982—1983‘ Requlrements “on the Bther hand,”

~ - haVe 1ncreased from 4300t in 1969 73. to 14 200 t 1n 1979~ 83

‘and are expected to be about 16,000t in 1986° (Gov1nden and L

‘Mauree 1985)
L .Numerous constraints limit the production of ‘maize and

account for the failures of pe$t attempts te increase pfo~
duction. .- These Have been discussed elsewhere (Piliay and

. - X . F
Govinden, 1982; Govinden and Mauree, 1985). Various

e

1

approaches to indreasiné maize production have been tried.
Presently two approaches are belng 1mplemented ‘ The ‘i;st
involves the 1nten51f1catlon of cropplng by the use of suqar
.cahe ro;at&onal lands. It consists Qf grew1ng a crop of
. meize on the‘len@s lying fallow for a periodsof 4-5 months
ihetween the hapvest of the iaet sugah cane ratoon crop and
\: " the _;eplantation. og_ the £field. The erea replanhed eQerj

year 1is only\aboutEIO-lz per cent since the averaée cane

cycle lasts for 8-10 yoars (ie. one plant and 7-9 ratoons).
N . @ o i — L
by
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This System .of producihg maize is practiced by sugar

estates, and écccugped for about 40 per cent of the"kétal
production in‘1983:l”The prospecté fﬁr incféasiné production
by this methgd is rather limited in view of the competition
for sugar cahe;rotafional-landé'By such crops as tobécco,
ginger ahd turmerig, which for one reason or another, cannot.
be gréwﬁ in sugar cane intgrrows. |

_;The second approgch‘ to :ihcreasing maize production
involves interchppinglwith sggarﬂgéﬁet ,This practicé 1s
already well-known to Mauritiéﬁ'céﬁe growers, and in 1983,
it'aécounted far 56 per cent’ of production. ft has béen
very successful with potate, and presently, 77 per cent of

‘the potato producediin Mauritius come from interrows of sﬁa?.

‘ar- cane and this 1s dbne without reducing‘the yield of sug-
ar. With maize, however, there‘haQe'been,problems. The
main stages in the progress of intercropping sugar cane with.
maize and the problems will be reviewed in section 1.Z.
Nevertheless, the préctice‘is %gen to offer exceilent pros-
pects if it can be madeiéo.work and if farmers can be con-
vinced to adopt it. The prospects are géod because of .the
area in plant aﬁd.éspecially in ratoon sugar cane that could
be put under cultivation. Intercropping wouid go a l&ng way
towards solwving the problem of lanq scarcity.

I't must be récognized that land scarcity is but one of
the constraints to maize productioh, even if it is the main

one. Others include lack of infrastfuéture. Fortunately,
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-the Government seems well disposed topfeﬁovinq other-con-
straints: S?ﬁd produ;fion has been taken care of, mafﬂeting
is ndt\presently a‘problem, éhelling and. drying facilities
are being-cﬁﬁgfructed and an acceptable guarénteed price has
been offered (Govinden and Mauree, 1985).

“rit ig in this'context that the presen£ research was ¥ni-
tiated in 1981;' The broad scope was to investigate the'sys-
tem of intercropping of sugar car® with maize in order to
gain agﬂinsight iptoythe bi&logical‘basis fof éhe‘control of
productivity in this tﬁof¢£op sysféh‘énd mﬁnibuia£e i£lf§r-
a;:onomic purposes. These objeétiveé.wiL; be desbribed_in

section 1.3.

1.2 Literature review .'

1.2.1 Intercropping: General
. 3
S 1.2.1.1 Terminology and definitions.

Some of the terms used in the growihg literatu%e‘Bn crop-
ping systems mean sllghtly' dlfferent thlngs to different
people' hence the need for a uniform termlnology " In this
thesis, ‘the w1dely-accepted deflnltlons of Andrews and Kas-

sam(1976) will be used.

Multiple Cropping is the growing of two of_Ebre~crqps on
the same field in a year. In essence, it is the intensifi-
~ cation of crop production intoua,third'(time) and a fourth

{space) dimension; the . first dimension is the area of pfo-
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10
duction and the second is the yield per unit area (Sanchez,
1976). When the intensification of crop production is intéd
the time dimensionlonly, the system is known as sequential
cropging which can be formally defined aslthe growing of two-/
or more crops in sequence on tﬁe same field‘per year? There
is no iﬁFeraction between the crops 'and farmers manage one

r
crop at a time. Examples are double and triple cropping.

' .
Intercropping, on the other hand is the growing of two or

more Crops éimqltaneously on the same field per year. Crop

intensification is in the time as well as the space dimen-
sion. There is interaction between the crops during part or
all of thevcrop growth. Farmers manage 2 or more cropswqﬁlj,_

time. If the crops are together for only a part of their

» -

growth cycle, such as- in cases where the second crop is

planted after the growth of the first is well-advanced, the

. system is known as.rélay intercropping. When the crops are

1 A

arranged in distinct rows, the system is referred to as row

124 L]

intercropping as opposed to mixed intercropping when the

crops are not arranged’ in rows. The practice of growing

"maize in interrows of sugar cane is an example of row inter-

cropping, but in this thesis, it will be referred to simply
as intercropping.

The opposite of intercropping is the growing of one crop

alone in pure stands; this is known as sole cropping (synon-

ymous with pure stand cropping and monocropping). The two

or more crops that constitute an intercropping system are

known as component crops -
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al, 1974).

it

1.2.1.2 h;portance pf,intercropping.

Interc;opping is a very old Practice which is stiil wide-
spread in tropical areas o€|Af£1ca {Okigbo and Greenland,
1976), of Asia (Harwood and frice;.i976; Gomez and Gomez,
1983) and America (P%nchinat et al, 1976). *"The pragtice has

A, . :
. . LAl
however, almost disaﬁpeared_from temperate areas, and this

may be at the origin of the misconception that intercropping

is a primitive practice that must be discarded if agricul-

L
ture is to progress.

However, there is now growing‘appreciatibn for the impor-

tance of intercropping whose universal character in the;,

tropics has been reviewed kDalryﬁple; 1971} Sanchez, 1976{

Andrews and Kassam, 1976; Gowvinden et al, - 1984). It is"

widely praCtised under the low input conditions of small

péasant farmers (Ruthenberg, 1980} but also.on Sbme lafge

plantations of certain cash crops- (Chang, 1965; Nelliat et

With such widespread use it is impoftant,to'@etéfmine why

farmers are so attracted to dntercfopping. Indeed ‘in many -

areas there has been little shift from intercropping to sole
cropping in spite'of extension efforts (Baker, 1975)."Obv;-

ously, the farmers must be convinced that there are tangible

. 4,

advantages to growing their-crops. in mixtures rather than in

pure stands. Studies of intercropping are,. however, made

more difficult becauég of the wide diversity of crops and

f

’

cropping patterns. Evidence of advantages of growing mixed

crops has been examined in.seyeral reviews: {Trenbath, 1974;

N

~
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Sanchez, 1976; Willey, 1979 a & b). They will be discussed

in subsequent sections.

\'\I .2.1.3 C'orhp.etitive relations‘hips : ‘ .

According to_Sanchez (1976), anlunderstanding of inter-
cropping should start with the examinaﬁion of some oY the
basic céﬁbepts‘of how plénts react in mixtures. Unfortu-
nately, different groups have différént approaches to the
study §prlant intera;tions. Agronémisté'have traditionally
-been concerned with thé,descfiption of effects and the - anal-
ysis_éf cguées.5f plant géactigns to changes in density in
puré standé and of the ihteraction betwéen species‘in.mikea
crops (ngper, 1961). ééﬁchez (1976) recognized three types
of plant interactions: non-competitive, comﬁetifive and com-
-plementary. ﬁdﬁ-com?étitive interaction occurs when differ-

- ent planfs:share:a.growth facter (light, water, nutrients)
that is ayailaﬁle in sufficient am¢unts:so that it is not
limiting. éompetitive interaction or simply competition,
-~ occurs when oné or'mofe growth facto:s afé.limiting. Com-
plemeﬁtary interaction or simply complementafity occurs wheh
one piént helps another, as in fhe case of legumes supplying
nitrogen to grasSeS via symbiotiq fixation.

The present agronomic understanding of plant intgractions
has developed primarily through the‘gtudies of grass-legume
mixtures ahd of wvarietal mixtures of crop species,. They
have pfovided many insights inte intercropping (Tfenbéth,

1974).
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The basic experiment on mixtures of two species is the
replacement series; that is) a fixed proportion of*one spec-
ies is replaced by an equal propgrtion of another épécies.
Competitive effects are examined by comparing the actual to
the expected yields. Expeéted yvields are those that would
bé.obtained if.each species experienced the ;iﬁe degree of
competition in mixture as 1in pure sfand; that is, inter-
specific competition is equal to intfa-specific competition.
The 3 possible outcomes of competition in such replaéément

¥
series are: mutual inhibition, mutual coop=ration and com-

pensation (Willey, 1979a). In the case of mutual inhib-
ition, the actual yield of both species is less than expect-
ed, whereas in mutual cooperatioﬁ, the yield of both species
is greater than expected. In the third and 'most common
caaax‘c:ompensationq_ the yield of one species is more and
that of the other less,lfhan expected. The more competitive
species 1is Enown as thg dominant or. aggressor and the. less
competitive species, the dbmihated or repressed sbeciés.
Varioué measures or indices have been proposéd‘ to
describe the ‘pompétitive relations of component. cfbps iﬁr
mixtures. Although these competition fuﬂétionsrwége devel-
oped in plant competition éfudies, they have alsc been use-:
ful in intercropping sitﬁ%tions, and therefore they"will‘be

briefly outlined here.
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RelatiVe Crowding Coefficient

This-conceptewés developed by de wit (1961) to describe

the spatial relatlons w1th1n populations of one\ or more

e
species. In replacement series, each spec1e5nhas a Rela-

tive Cnéﬁﬁing Coegﬁicient;,uK which measures - whether the..

- [ CR ..

hspecies_hes;producedfﬁore or less yield than expected on-the

o -

nasigecf’the sown proportion. Tn “the notation of W1lley

”7X1979a4, the Relatlve Crowdlng Coeff1c1ent of specjes a is

.,I‘-iab‘: )

Yab x~Zba © .
‘Kabza_f;-——f;—ﬂ-f*—r- - i v — - - - - 1
| (Qa-a'l'Yab; % zab - i Y
ahere: if;Q} . i

Yaa=Pure stand yield of species a
Ybb=Pure stané vield of-epecies b
Yab=Mixture yielg'df‘Species a in combination with b

- “Yba=Mixture yleld of spec1es b in comblnatlon with a

P

Zab=Sown proportlon of spec1es a in mixture with b

-

Zba=Sown proportlon of spec1es b in. mlxture w1th a.

an

SR
If a species has a Coeff1c1ent 0f less than one, egqual to,

or greater than one, it means that the spec1es has produced

less yield, the same &ield more yieid " than expected

.respectively The - component crop with the h1gher Coeffi-

—

cient is the domlnant one. The prqduct of the Coefficients
is‘a'neasure of, yield advantage. However, as Willey (1979)

has shown, -the Relative Crowding Coefficiente‘doqnot give a

v

L]
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direct 1nd1catlon of the magnltude of the yield advantage

More0ver the value of the Coeff1c1ent of one component

spec1es ‘can have different meanlngs dependlng on the value ‘h

of the Coefficient of the other component spec1es.

i ' o '
J e .

Aggressivity o | oo e
A second function to measure the competitive ability, of..

components in mixtureS‘was proposed Hy7McGilghtist and Trén--
bath (1971). It. 15 51mp1y the. dlfference between/the rela—'

“a,

tlve ylelds of the component crops Aggre551v1ty, 'A,“of

species a in mixture w1th specles b, is given by’

o
o R B
Vi

- Mixturé yield of a Mixture yield of b
Aab= —cmmmmmmmmomeo ool m e oo ;
Expected yield of a Expected yield of b
ie. : ,' .
Yab . Yba
o - “ ) o : _-‘,_A i
N Aab= ~---Xiioo =-mgm=-- I
Yaa x Zab Ybbs& Zba
and . ’
{Aab= -Aba ’.-f'~_-------'-----~--;3

An Aggressivity value of zero indicates that one:Species is

. . \ .
as competitive as the other. In other cases, the Aggressiv-
Bl \1“
ity of the dominant species is positive and that of the dom-

inated species is negative. Aggressivity is not a measure

u

of yield aavantage.



.defined as:

L&

AT

Competgxive‘Ratio

This alternatiye to Aggressiwity .was® proposed by Willey

and Rao (1980). Whereas qureééf@fty is the difference in
relative yields, Compegf;;ve Ratio- is simply the ratio of

relative vields. Competitiyeipaiig of ;pecies a, CRab 1is

Yab Yba
;o CRab= ------r- [/ oo T
Yaa x Zab " Ybb x Zba
and
RS |
CRab= ~-mmm- -
: CRba '

Compefftive Ratioc has the advantége over Aggre551v1ty of

4;1nd1catrng the exact deg“ee of competltlon as the number of

1 .
times one spec1es is more competltlve than the other. Com-

petitive Ratic has been found to be useful in 1dent1fv1ng

N

characters assoc1ated with competltlve ability (Farls et al,

'1983). It is’ not; however, an indicator of vield advantaqe.

. -y
i - -

1.2.1.4 Assessment of yield 'a"a'\"xantages

There is increasing evidence that in many intercropping
- : . .

situations there' are large yieldf'adventages (Andrews and

{Kassam 1978). In v1ew of the 1mportance of thls aspect

attention has to be given to the proper: assessment of "1eld

advantages. It has been recognized that depending on the
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oiyjectives of lctercropping, different criteria may have to
be':applied ';o different situations. Willey (197%a) has
described'the three most commcn situations;

l.Wheferthe combined intercrop yield must exceed the
higher sole crop yield. Traditionally, this .criterion has
been used to asSess the yleld advantages 1n mlxtures of for-“
age grasses an;\gf genotypes of the same spec1es It is
based on the_assumptqon that unlt-§1elds of each component
afe.equally acceptaple. In sucﬁ.situations, biomass'produc—
tions of each of the species are commonly added to form a
combined yield. pSuch situationgﬁare rather rafe.

2.Where intercrdbping must give a fuil yield of a main -
crop. and semejyield of a secoaa crop. This has been the
primary objectlve cf much of. *he research’ work ia‘many trop-
ical countries where the main crop is elther a stacle cereal
or a cash crop. ,Clearly, tﬁe emphasis in such situations 1s
oﬁ how to increase the. yield of the second crop while main-
talnlng the yleld of the main crop. . ’ -i

3.Another common situation is where the comblned inter-
crop yleld must exceed a comblned sole crop yleld. ;Thls
'criterion is based on the assumption that the farmer must
drow more than one crop. His choice is between mixing the
crops and grcwing them.separately. Yield advantages occur
if intercropping gives higher yields than growing the compo-
nent crops separately, The comparison ;nvolves ccmbihing

the yields  of the species.

- -



One method of calculating combined yields involves con-

version of yields to some common basis such as protein or

calories. " This is useful in7 cases where rather similar
crops are grown. The method ié.howév?;, not of much value
in cases where the Crbps differ widely in l'quality', a char-
.acteristic “that is difficult to evaluate. One c¢an argue

that while protéin and céfﬂdhydrate can be put on the common
basis of energy by means of some equiva;ence factor,
much is lost.in'the ﬁénversion i%gelﬁ. ' Moreover, farmers
may be interestealin prot;in and not in protein equivalent.
'For the‘gprpose of evaluation, mixed crop vields often have

: B ...
to be s#apdardized or monetarized.

Willé§ and Osiru (1972}-proposéd'the use of a Land EquiJ—
alent ﬁatio.(LEﬁ) which:can.be formglly'defingd asuthe rel;i
‘vive land area'reqhired'as sol§ crops to produce the same
vields =t the séme level of‘ﬁanageﬁent as inéefc}opping.

This concept is analogous to the Relative Yield Total of de

Wit and Van den Bergh (1965). . Using previous notation, Land

gquivalent Ratio can be written as: b -
LER=La -+ Lb
‘ Yab Yba
i.e.LER ===-= + —--- e =
Yaa Ybb



LER is therefore a method of %ombining the yields of dif-
ferent specieé. It has been used as "a measure of yield
advantage and of total prodﬁctivity but its use ismibesé?
with problems :

Implicit in the use of LER as a measure of total préduc-
tivity is the assumpgion thgt the yield proportion given b%
a mixture is exactly that required‘by the farmer. In the .
comparison of the LER's of 2 mixtures, these differences in
proportions are not ceonsidered. For this reason, Mead and
Willey£1980) exteﬁdeﬂ the concept of ordinary LER to an
‘Effective Land Equlvalent Ratio (LL?R) which can be\ calcu-
lated for any proportion of the component crOps It assumes
that to achieve a required proportion of ‘the crops, éole
crop éreas may be ﬁfxed with intercrﬁpped areas. ELER is
always numericallyiless than LER. | -

More recently the LER concept has been extended further
to cover situations “where the vield of a main crop ﬁust be
maintained at a fixed level. Reddy and éhetty {1984) devel-
cped an index which: they called Staple Land Equivalent Ratio
(SLER). “éLER is useful in cases where a farmer's require-
ment for a main cfop is not fully met throdugh intgrcropping;
he would then need to all&cate paft_of his land to pure
sténds of the main crop. a

It must be appreciated that LER has majﬁr drawbacks yhich
seriocusly limit its use as a measure of yield advantage.r
Firstly, it is a ratio; as such it gives no information onr='

the absolute yields of the mixtures and of +their components.
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Secondly,;the matﬂé&at;cal p;ébeptiééhbf the ratio are such
that they viclate the basic asédﬁﬁtions underlylnq analvsic
of Qariance .aﬁd significance ie;tipg. Thege have ' been
reviewéd. eisewhere (Mead and Riley, 1981). Morevert che
calculation of the r;tibfitself isléroblematic sinéelthere‘
are Seve;al alternatives' in the Choicg of the solg crop
yield to bé used as a standardizing factor. :Oncﬁw:héﬁaﬁfto
use a single divisor as suggested by Mead and Riley (l981)
and Ovejola and Mead (1982) may reduce the variability of
DﬁR's andbmake them more normally diétributea, but ;nﬁroduc~
es a correlation between the values. On the other hand, the
use of different divisors for.each block as suggested by
Fisher (1977a, 19793, keeps’thewLER“s independent but may
-decrease the precision of treatment ;oﬁpérisons. The ques-
tion has not been resolved and much more-sﬁatistical werk i
clearly indicated.

Another problem with LER and other related indices arises
from the difference-in crop durations.. In the- calculation
oerER, it is impl;citij assumed that no crop isﬂérown arter.
the Tharvest of the earlier-matéfing sole crop“ This
infiates the LER wvalues. "While itumay be true that in cer-
tain areas the season is not”long enbugh for a second crop,
it is rarely the case in much of the humid tropics where
year-round cropping 1is possible. To solve this problem,
Hiebsch (1980) proposed-;an Area-Time EquiYalenéy -Ratio':

TER| which he defined as the sum of the rates of vield
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ﬁroduction of the intercrops relative to the sole crops. Imn

(1

" the usual ﬁopation, ATER”is;given by the expression:

.. Yab/tab Yba/tba

where tab = time during which the species a is in

the mixture k

taa duration of sole crop a

.-

tba

time during which the species b is in
the mixturér
tbb = duration of sole crop b.

ATER has been foﬁHE’EB be most useful for comparing.com-
plex cfopping systems involving relay inte£9£3p§ing and con-
tinuous intercroppinﬁ {Wade and Sanchez: 1984). However,
ATER has two shortcomings. Firstly, implicit in the compar-
ison of rates of produgfion is‘ the éssumption fhat such
rates can bé maintained over the entire year; this discounts
the inflﬁ;nce of season. uSecondly, ATER doés not take into
account the inevitable deiays between the harvest-gf one
" crop and the planting of the next 3
| ThUa, it is apparent +Hat none of the indices that have
so far been proposed in the literature is universally accep-
table as a indicator of yieid'advantage. Some are mere use-
fﬁl_thén others in particular circumstances but in most cas-

es ah adapﬁation of the basic LER concept may be necessary.

Moreover® even if an agronomically-meaningful index may be



e derived, 'its statistical properties afé still 1i§;ly to
preséﬁt difficulties unless it is not a ratio. :
In addition to whatever 'énalysiﬁ "is carried out dn\f
yields, some form of economic evé}gatiqn is desirable. Wil-
ley (1979a) proposed the calculation of an LER on a moﬁé?ary
basis ie. the land area required as sole crops to produce
the wvalue of the yiélgs achieved by mixing. This gives
exactly the same value as LER based on yields;.and has théx
same shortcomings as well. According teo Hildebrand (1976},
the only unit that satisfies all the"criterié'necessary to
measure proddgtion ffom‘ multiple cropping systems is the
market value. Hé was’of the opinion that its major Ywealk-
ness, that érices change over time, is at the same time an
advantage in the sense thét it allo@ed'fpr-adjustment to
changing conditions. Nevertheless, a sﬁortcoming of
expressing results solely in terms of market value is that
it does nb% take into consideration the differences inltosts
of production. These“afe important, espé&iélly'3J1usitu-
ations where cep%tal may be scarce. The beé{ approach is to
compute net incomes which is the %urplus resulting from the
deduction of all costs from the market value. In many situ-
‘ations where fixed costslare difficult to estimate, it may

3:bel:only' necessary for the purpose bf comparison between

treatments to calculate Gross Margins. This is defined as

the difference between gross revenue and variable costs. &4s

“'a final refinement, in order "to evaluate the influence of
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changing prices on the relative merits of varidus cropping.

systems, some form of linear programming may be attempted,.

Accordlng to Pearce and Gllllver(1978), the combination

'of crop yYields on some common ba51s such as calorlflc value,

or monetary returns converts an essentlally multlvarlate
problem into a unlnarlate one. They argue that there exists’
a relatlonship between‘the'yields-of the two species in a
mixed plot. Thls relatlonshlp can be'‘positive. or negatlve
When a plotrls on oood soil, the ylelds of both species may
be expected to be good.. This would lead to a p051t1ve cor-
relation between the 2 ylelds : On the othqr hand because

~

of competltlon a good growth and yleld of one species may.

: be associated with a poor yield of the other spe01es They
_‘sﬁggested the use of a blvarlate analyses of variance which,
'1n the 2= crop mlxtules is much 51mpler tnan other multivarm

. iate technlques. The bivariate analysis of_:variance

o

involves the computation of the correlatlon between the 2

vaﬁaates after allowing for the effects of treatments etc

accordlng to the model pertinent to the de51gn of the exper-

iment. The variates are then adjusted to_arigw“for-this

correlation and the comoarisons are made on.  the ad1usted

k;l
variates. Pearce and Gilliver (1979) proposed the use of

skewed axes to allow fof the correlations and explained how

to present the results of the analyses .and of significance

tests graphically.

~
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The major shortcoming of bivariate analysis is that com-
parison betwéen the sole crops and the mixed crops is not

possible. Moreover, the validity of éomparisons between tﬁcf‘

mixed crops is dependent on certain assumptions such as

. . [
. , S , !

eguality of correlations. " In some rare cases, 1tgay be
t

assumgd‘tﬁat the correlations between the vields o he 2
crops is’similar in all treatments, forrexampie in mixtures

of genctypes df“ species at the same density. In most.other

cases, the assumptidn clearly does not hold.

1.2.1.5 Advantages of intercropping

It has alréady been indicated that interc?opping has many
advantages over sole cropping. These {ﬁblude increased
yield and income, the provision of a more varied diet, more

)

stable production, less problems with pests, diseases and
weeds, a better spréad of family labour, the cogtrol of ero-
sion and a host of other_minor benefits, all of which have
been reviewed (Sanchez; 1976; Willey, 1979; Govinden et
.al,1984). Of particular relevance are the mechanisms ﬁndér-
lyiﬁg éome of éhe advantages and they'will be briefly men-

tioned ﬁere.

Yield Advantages

As Donald{1963) has shown and as was.later confirmed by
Trenbath(1974), vield advantages seldom occur in non-
additi§e two—crop mixtures. This is apparently a result of
competition for the same resources. In terms of competi;ive

‘relationships, it means that the yieldhpf one of the compo-

4
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»
nent crops is increased at the expense of the other by the
phenomenon of compensation-previously mentioned. ~Neverthe-
less, in‘a‘minority of cases, yieid advantageé, aé measured
by ordinary LER, have been demonstrated.. Tﬁey are believéd
to occur as a result of complementarity in resource use.
.That is, the component crops d;ffer in the?r use ﬁf growth
factors in such a way that whén grown togethef,.kheyﬂéomple—
ment each other rather than coﬁpete with one _' ‘ -anotﬁér.
Inter-specific cqmpeti;ion is less than intra-specific com-
petition. Such compleﬁentarity in resource use takes place
in space and”time. |

-  Temporal complementaritf in resourée.use occurs because
different crops make their major demands on growth resoﬁrces
at differeﬁﬁytimes‘ This exXxplains the large LER'S associat-
ed with differences in the'ﬂmtufity perioés of Ecmgonent
crops in mixtures (eg. Krutman, 1968; Osiru and Willeg,1972;
Andrews, 1972) As has been pointed ou£ earlier on, in sgch
cases, the yield advantages calculated as LER may be Qié-
leadinq,ﬁecause of éhé differences in croﬁ‘6§;ations. This-
:_underliﬁes the need in intercropping experiment; to separate
' the effects of differences in crop durations‘ufrom other
effects. .
Spatial.complementarity in resource use has alsg been
demonstrated. The causal mechanisms include ﬁhe minimiza-

tion of competition for light, water and nutrients by virtue

of differences in morphological and physiological character-



istics such as le%f areahgnd'disb;ay, root depth and deagi_
ty, the ability to use different-sourcés'of nutrients and to
photoéyqthesize in. reduced light intensifﬁeé' etc. {See
Reviews by Willey, 1979a; Govinden et al (1984).

The notion “cf space ig intimately associated withlplanp
density, thé size of the area alloéated to each plant being
‘the reciprocal of density. Dé Wit's (1961) Relative Crow&-
ing Coefficient, for iﬁstance, was 'developed as much for
spacing as for competition studies. In intercropping, fur-
ther dimensions ar; of importance: the shape of the area
available to the individual plant which is determined by the
spatial arrandement,dthe volume'of space, above and below-
ground occupied by the plant which is determined by plapt
height, leaf display, root depth etc.[}and the time during
which this space is cccupied. Eéqh of these aspects of spa-
tial relﬁtionships has been shown to'havé,bga:ing on yi%ld
advantages (Willey, 1979b) . |

| One of ;he most important findings which has emerged from
recent experimentation on the basis of yield advantages is
- the association of large yield advantages with .increased
£otal population densities in mixtures. It has alréady been
mentioned that vyield advantages have seldom been shown to
occur in mixtures5 where the total populationu was not
?_increased (Donal?, 1963; Trenbath, 1974). The grass—legume'

mixtures are exceptional because of the transfer of N from

one species to the other. On the other hand,  large yielAd
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advantages have been obtained when thé tbfai pOpulayéon den-+
sities of the mixed crops were much larger than thdée*of the
éole”3érops (eqg. ;hilléy anq_ Osiru,1972; Baker and’ YusufflJ
1976). It can be assumed that if one crop complemeﬂps
another in the use of available gréwth factors, the dp#imum
dgnsity of the'mixture‘wpuid be'pigher than that of'thé sole
c‘:\rops._~ Beégﬁse of the rélétionships‘ bétWeén density land
yield, it is important to attempt to separate‘causalimecha-“
nisms. For insﬁaﬁce, Fisher(lé??b) has shown that mﬁ;h of
the yield advanfage in maize aﬁd beaﬁ mixtures in Easp“Afti-;
ca disappeared if the comparisons wereamade at equal popula-
tion deﬁsities. He strongly fecpmmended the use of repiace—

ment series mixtures in future trials.

- »
Other Advantages .

.-

In view of the fact that weeds, pests and diseases are
major limiting factors in c<¢rop production in the tropics,
the rep?rts that intercropping reduces the impact of these
biqtic-'factors' %ake on added significance. Many reports
have.indicated that intercropping‘contiq%ﬁ wgeds (L;tsinger
and Moody, 1976;78urn, 1976). It is not difficult to visu-
alize how 'low-growing intercrops with a spreading habit can

smother weeds in widely-spaced row. crops. For example, the

Mexican yam bean, (Pachyrrhizus erosus) when intercropped
with maize was so effective that weeding was not necessary

whereas it is usually essential in sole maize {Moody, 1977).



It -is believedwﬁhet'the fact that intercfbpéihg"has:per—‘
. B I b . 7 R »
»  sisted for so. long- is attributable partly to the existence
of certain innate besfwcontrol propefties (K&Yumbo}71976).

Many 1nstances of reduced pest 1nc1dence 'n have been been

o '._ . v

‘. reported with 1ntercropp1ng (IRRI 1973 1974 51975) Some -

. of the causal mechanlsms have been rev1ewad 1Batra, 1962a;

LA

}L1t51nger and Moody, 1976; Van Emdenn'1977) Mention has

-

been made vf an 1ntercrop shelterlng a host plant (Bqtra,
o ~- Bt ’ i a{ S . o
;1962b),._of 1neects belng repelled by volatlle substances

'

emitted by‘lntercrops (IRRI,31973; Trenbath, 1975) and of

o

[ - i

“the reduction of pest numbeérs in intercropping as a result
- SRR U

of the more Varied_agro—ecosystem'leadinqyto higher numbers

- "

of predatoré and parasites (IRRI‘ 1973- Van Emden 1977)

Intercropplng may reduce the 1nc1dence and severlty of
dlseases (Muk11b1 1976) by v1rtue 0of a dilution or barrier

effeqt and the creation” of.a‘dlﬁferent microclimate (Tren-

" bath, 1975). - | TR

Intercropping is one way to achieve a full canop& éd#éf

." -

fast and hence to protect the soil from the eroslve hazards.
of rainstorms. Some combinations that have actually been*
shown to control soil erosion and 'water run off are maize

and cassava (Aina et al, 1977) and’sweet potato and cassava

(Okigbo, 1377). ' a /

» ’ ‘ i
. .

With respect to peasant farmers, many oﬁnwhEm practice

N -

.intercropping in the trepics:'efggrther‘appeaﬂ;of intercrop-

pingfis believed to rest with %heﬂhigher yield stability of
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intercropping. By thlS is meant that 1ntercropp1ng reduces’ °

- the rlsks of crop fallure through the mecharfism of compensa-

tion. Should one component of a mixture fail because of bad
weather, diseaéef or pests, the yield of the other component

may increase. For example, the yield advantages from mixing

maize and beans were- hlghest when the maize failed due to'

hail damage, late planting ‘or d;seases {Fisher, . 1976)

"

Likewise, rice yields increased when maize wds”eliminated by

_ diseases from a mixture of rice and maize (IRRI, 1974).

1.2.1.6 Drawbacks
It must be appreciéted that in 'certaih;‘circumstances,
intercropping may have more dfawbacks tﬁan advantages.

Firstly, ylelds may be reduced as a- result of competition.

Some crops cannot be grown toqether because they compete too

. K

strongly for the same resources. There is also-the dangerr

of growing together crops.which_have common pests and dis-

eases. Pest populations and. disease inoculum levels may
build up on an early-maturing component crop%énd hence lead
to an increase in the damage to a }ét%r-maturing component
crop in the mixture. This underscores the importance of
choosing compatible cropd.

Perhaps the most common objection to intercropping is

assocliated with the difficultb' of gauging input§ ‘Fuch as
L

fertilizer, irrigation and biocides on two or more different

4

crops growing together, and with the'difficuity of mechanizs

ing-cultural operations. This may explain why intercropping



to create more space. . W L ~J

30

is not common in developed countries where agriculture is

more input-;ntensiﬁe'éhd mechanized. With regards - to the

rates of inputs, it must be pointéd‘out that where the prob-

lém-haSJBéen réEognized and addressed by research workers,
. ] Ryl ! '

results have been forthcoming. For instance, ‘successful

-

herbicidal treatments have been found for various crop com-

binations (Peng and Twu, 1980;MSIRI, 1984). It is defi-
. ]

~

nitely more difficul$ te circulate in intercropped than in
- It . .

sole-croppped fields because of less space, and' this does

make oﬁeratxons such as top dressing of feftilizerh-spraying

against pests and diseases ‘and even harvesting more diffi-

'éuit. However, in certain Bsituations, especially in wideiy—

L3

-~ spaced row crops, this difficulty has been overcome, and

small animal-drawn and motorized implements can be used. It

must be stressed that machinefé‘ developed for sole -crops
must first be adapted for use 1in intercrops. - There 1is

finally the possibility of adapting the ¢ropping pattern to

pé;mit mechanization; for example, rows can be paired so as

ik . .
) - P

i

Intercroppinélié only now beginning to be studied. ;t

has numerous advantages but cannot be used indiscriminately. -~

R

LA,
E Al

-
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1.2.2 Intercropping of sugar cane
1.2.2.1 Importance . -

Sugarcane is an important cash crop in many tropical.and-

sub-tropical countries;where yeér-round cropping is possi-
ple.‘ In several of these countries, sugarcane is inter-
Eropped{}but statistics on the importance of the practice
are difficult to’obtéin.

Aiyer(1949) surveyed the practice of intercropping in

India and rebérted'that intercropping of sugarcane with oth-

er crops was widespread. That _phis is still the case

presentiy is evident from \the number of reports‘from that

country. In Taiwan, from 1955 to 1958, 75 and 3%§Fér cent

‘of the fields pPlanted in autumn and spring, respectively,

were .intercroped(Chang, 1965). The importance of intercrop-

-

ping of sugarcane in Taiwan is also indicated by

_Yang's(l976) observation that 65 per cent of the cane fields
were infercropped. In the Philippinégf- farmers commonly

intercrop sugarcane with mung bean and groundnut (Villarico

and Ledesma, 1976). Cutside of Asia, sugarcane is inter-
cropped on'a commercial scale in Brazil (Lombardi, 1985), in

Puerto Rico (Lugo-Lopez et al, 1953) and Colombia (Arboleda

. g; al, 1983). In Africa, there are reports from Egypt where

Nour et al (1971) reported that 65 per cent of the cane

- fields planted in the autumn of 1967 -were intercropped with

faba beans. Sugarcane is also intercropped with various -

crops in Reunion island and Mauritius.

L]
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Thus, it is clear that intercropping of sugarcane 1is

practised in many countries around the world. In most of

~

v
.these countries, the farms are small, land is scarce and
there are no labour constraints. These conditions favour

’

intercropping as a means of intensifying crop production.
It is equally clear that intercroppingféf-sugarcane is not

practised in many important sugar-producing countries such

‘as Australia, Cuba, South Africa and U.S.A.(Louisiana, Flo-

rida, Hawaii). In these countries, the farms are largg‘and
heavily mechanized, and land may be less limiting. This
suggests that intercropping is not the fayéured strategy.for
increasing crop production in areas where laﬁour, not land
is limiting. -

1.":2%"2.2 Rationale énd,intercropping systems
t

p.

Row-intercropping of sugarcane is praticable because
éugarcane is. planted in relatively wide rows and the cane
canopy doés ﬁ6£ close in until 3-6 months. However, there
are large variationé in the cane row spacings and réées of
growth, and these have much bearing on whethgr intercropﬁing
can be ﬁndertaken,]on the choice of crops, the density that
can be planted etc. For instance, row spacing varies f?om
0.9m in many parts'of India to 1.6m in Mauritius and 1.8m in
parts of Louisiana {Smith, égzs). Nevertheless, the c;ose
Vplanting does not seem to pfevent intercropping in India.

This may be due to the slow early growth of the cane. In

the sub-tropical belt of India, in spite of the climate,



more and more of the cane is planted in aﬁtumnmsince i; has
beén shown that with frost-to;érént cane varieties, autumn
planting is more profitable than spring plantingf(singht
1971). However, autumn-planting of”cane leads to the ‘leoss
of a winter crop which used to precéde spfing sugarcane.
Hence inté;cropping is practised to recoup the loss of this '
winter cfop (Kanwar, 1975). In such cases, the profitabili-
ty of intercropping should be compared not only to the sole
autumn Eane but also-to the compeéing rotation of a wiﬁter
crop followed by spring cane (K%f gﬁ al, 1975). For
instance, Bhoj and Tandon (1959) found Fhat the net. income
was 74, 65 and 20 per cent higher with intercropping of
autumniéggarcane with chickpea, pea and mustard, respective-
lyi as compared to theorotation‘of tbese crops with spring
sugarcane. Tiwari and Singh (1981) went further and com- .
pared the profitability of autumn cane intercfopped with
coriander, lentil, wheat and potato to the éompetiné cereal
.rotation. They fbund that in;grcroppiné of coriander gave
145 per cent higherihet income over sol%;cane,-but o#ly 42
per cent higher net income over the competing cereal rota-
tion which consisted of 2 crops of maize and one of wheat.
The reluctance of farmers to forégo a spring crop is the
basis of intercropping of sugarcane with certain leguminous
crops. These usea to be grown as green manure in rotation

with sugarcane. However, with the advent of inorganic fer-

tilizer, cash crops are now preferred. In order to retain



best o¢f the twe alternatives, attempts-h;ve beeh'made Lo
intercrop the green manures with sugarcane;llbinge-cowda and
Mariakulandai (1972) found no difference between intgrcrop-
ping the legume in situ and bringing it from outside, but
there were no beneficial effécts on cane vyield, either.

Bhadauria and Mathur (1973) investigated the benefits of

- %

intercropping of sunnhemp (Crotolaria juncea) in 24 trials .

at 13 sites over 3 years, and found an increase of only 5

per cent in cane yield. in spite of their claims, 1t

{7}

difficult to accept that the practice “can be of much econﬁm—
ic benefit considering the small:.yield increasé in the face
of the costs and trouble involved. In South Africa, sunn-
hemp is fepqrted”to have reduced the yield of intercropped
cane (Anon, 1984)..2 ’ ' . .

In scme parts of India, the cane groﬁ:h iz s¢o slow that a
secénd,intercrop may be grown in spring after the harvest of‘
the autumn-planted interérop (Rathi et al, 1974;Sharma,
197§). in other areaé, on the contrary, the growth of cane,
especially when planted in narrow rows, is tco fast for suc-
cassful inpercropping, and pairing of céne rows has been
sugéested as a method for creatin? more spacé to accomoedate
intercrops[ The use of paireé cane rows has given variable
results. O©On ohe hand; Nadagoudar set al (1978), claimed that
growihg cane in paired rows with 60cm between the rows in a

pair and 120cm between the pairs did not lead to a reduction

in cane vield compared to planting in rows uniformly spaced .
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at 0.9m. On tj ther hand,  pairing led to able per cen%
(Sharma, 1979) ::X'\ per cent reduction (Dhoble and Khuspe,
1983) in cane yield. Nevertheless, the system is ;eg:_-p_- to
offer much promise, particulaniy in making easier thezkén-
agement of the crops and the mechanization of operations
{Singh, 1971). | ;

Another approach to deal with the problem of too fast
Eane growth andh early lcanopyl closure is the practice of
relay intércropping of éugarcane. In Taiwan, sugarcane 1is
commonly relay-intercropped with paddy rice, the cane_being
pl;nted at one to two months before the rice haévest {Chang,
1965; Yang, .1976). This practice has the advantages of min-
imizing the gffect of cane on rice %nd of pérmitting the
plantation of ¢cane earlier than would be possibié with rota-
tion. Relay iﬁ£ercropping of sugarcane with rice'ié also
" practised in Indonesia (Karthohadikoesocemo, -1982). Relay
intercropping may also be resorted to® in order to minimize.
the effects of the intercrops on cane. For examéle, when
sugarcane 1s relay-intercropped with coéton, the sugar cane
is planted 3 months after thegcotfén,gnd the crops:inté%act
for 2 months only (Hsiung et al, 1é63).‘ Finally, réiay-
intercrppping may also be necesséry when the?best planting
times for sugarcane aﬁd the intercrops do not coincide. For
instance, at New Dehli, _India,_ it.,was ‘reported that the
optimum planting time for sugarcane i's at-the end of Febru-

ary whereas that of onion is in early January. The inter-



crop should therefore be planted before the cane ol best

-

results“(Ramdhawa, 1975).

1.2.2.3 Competitive effects

A maln concern of research workefs bas‘géén to compare
the effects of 'various crops on the yieid of infegqropped
.sugarcane and- on the profitability'oﬁ inpercropping. For

2 'ihstance?‘LugoTLopez‘gE al. (1953) workiné in Puerto Rico,
’ reported‘that in one trial, soybean and kidney bean had no
effect on cane yield whereaé maize reduced cane yield by 14
per cent. - In a second tfial, they observed“ho effect of
cucumber, cowpea and melon on ﬁane yield but a 64 per cent
reduction with maize. Behl and Narw;l’ (1977) found in
India,ffgductions in cane yield of 4, 25 and' 32 per éént‘on
intercrobping with.onion, wheat and chickpea, respectiﬁely?
Intercropping with onion ‘increased the ;ét'profit by 92 per
cent, and with wheat by 9-per cent, whereas with chickpea,
there was a loss of 54 per cent. Although such comparisons
arg common, they do not serve much purpose beyond the paf:
ticular concern of fhe research worker. The comparison_of
the competitive ability of various crops is not wvalid unless
cthe various craeps are growﬁ at standard and comparahle den-
sities. Unfortunately, it has not been possiSle to find &
single such comparisﬁn in the literaturg.

The responée of .sugarcane growth aﬂd ?ield-to inter;;op—
ping has been examined in many trials. Effects on the féi—
lowing will be briéfl§ reviewed : éermination, tillering,

)
yield and yield components.
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It is well established that the germination of sugarcane
is not affected by intercropping (Bose and Ashraf, 1972;
Bhadauria and Mathur, 1973; Kar. et al, 1975, Gawhane and

Patil, . 1976). This is not unexpected in view of thénfact

that germination starts within 2-3 weeks after planting, and

this does not give the intercrops sufficient time to affect

thé environmental processes that influence germination.
Tiller formation, on the-otheyrhand, has“beén systemati-
cally observed to be seriously.éffected by intercropping.
Tillering is reduced to wvariable extents depending on the
species and/or the densities of the intercrops (Kar et al,
1975; Gawhane and Patil, 1976;Srinives et al, 1976). The
duration of the effec;'iélalSo variable. Fof insfance, Mis-
ra {1964) presenged 3 -vears' t;llering Qata for autumn;
planted sugarcane iptefcfbpped with pea, ﬁustard and chick-

pea in' India. Peak tiller numbers occurred one month later

1
Sl

in the intercropped cane. Moreover, mustard and pea reduced

peak tiller numbeféfby 50 and 25 per ceént, respectively.

Tiller mortality started earlier in the sole cane, and the

tillering period of the intercropped cane was extended. The *

difference-ig tiller nuMbers between the intercropped and
the sole cane tended to disappear with time. Similar
reSults have been found whénéver‘tilleriné has been followed
. (e.g. Tang, 1963; Leclezio et al, 1985).

'Even though the effects of intercrops disappear well

before the cane is harvested, nevertheless the intercrdps
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may have adverse effects on the cane yields. The effects ot
BN .« 1. -

several intercrops on cane yields are summarized in table 1.

. -1

The cereals, wheat and maize systematically' reduced c¢ane
yield. So did sugar beet, mustard and pea.. Onion,, grouﬁdwﬁ?
nut and potato had wvariable éffects. The efkects of mung
bean were generally positive. - ; |
The effects of intercrops on the ?iéld compenents of
sugarcane'ﬁave been examined'in several trials. In general,
there have' been small reductions in the number Sf mlllable
canes (Bose and A;praf, 1972; Deshpande and égnk r, 1977,

Narwal and Malik, 1981). The reductions in cane yield were

usually associated with a reduction'in millable ca and in
T

—

peak ﬁiller number, although the nature of the assoc1atlon
has not been determlned (Narwal and Behl, 1978).

Intercrops have been found not to affect the sucrose con-
Ctent of inté;z?bpped cane. Gill (1963) reviewed 16 trials
involviné 39 éoﬁparisons of”;aﬁé intercropped with several
crops. He found an average increase of 4 per cent in suc-
rose cogtent of the céﬁe juice,as'a result of intercropping.
This increase méy not have beéh;gignificant. Misra (1964)
also compiled comparisons on the effect of mustard, pea and
chick péa'on the sucrose content of cane juice and found a
negligible increase of less than one half of a per cent in 5
triaié with mustard, énd no increase in 14 trials wi;h pea
and 13 trlals with chick pea. Mathur (1975) found an aver-

age reductlon in sucrose content of 3 per cent 1n 19 trials
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Table 1: Survey of the effaect of selected inteércrops on the yleld and net income
sugar cane.
Crop Country . |Change |Change |Remarks Reference
a |in in A
cane net e '
yleld” income M
(%) (%)
Maize Puerto Rico “14 " [-102 plant cane + ratoon Lugo-Lopez et al.(1953)
Puerto Rico - |-64 . |N.A. plant cane Lugo-Lopez et al.(1953)
Puerto Rico  "¢|-14 7 IN.A. ratoon cane Lugo-Lopez et al.(1953)
Puerto Rico -9 -8 plant cane Lugo-Lopez et al.(1953)
Taiwan -13 -12 2 years' Tse & Shiue (1966)
India -13 +22 2 years Bhoj & Kapoor (1970)
India -30 +3 - Bose & Ashraf (1972)
Thailind -4 N.A. -6 cane treatments Srinives et al. (1976)
India -10 +35 8 maize treatments x 3 years Gawhane & Patil (1976)
| India -25 25 fodder maize Deshpande & Nankar{1977)
Mauritius -3 N.A. 12 maize treatments x 4 sites | Pillay & Mamet (1978)
India -31 +12 high maize density x 3 years | Patil et al (1978)
India -5 +9 low maize density x 3 years Patil et al (1978)
India -10 -17 fodder maize, 2 years Dhoble & Khuspe(1983)
Colombia -3 N.A. 14 maize treatments Arboleda et al. (1983)
Brazil -13 +40 Santa Catarina Lombardi {19857)
Brazil -4 5 Rio de¢ Janeiro S Lombardi (1985)
Wheat India , -38 +20 8 maize treatments Bose & Ashrat { 1972)
; India -24 +13 3 years Singh & Singh (1974)
Pakistan -28 -16 3 trials Kar et al. (1975)
India -12 N.A. . 119 trials - Fasihi & Hussain (1975)
India -18 +29 - Mathur (1975)
India -25 +9 tall wheat cultivar Behl & Narwal {1977)
India -36 -15 - . Narwal & Behl (1978)
India -16 +38 short wheat cultivar Narwal & Behl (1978)
Bangladesh -6 N.A. - - Rassaque et al. {1978)
India -20 +22 21 trials (review) Rathi & Singh (1979a)
India - -10 +5 6 treatments x 2 years Joshi et al (1980).

-
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{Crop Locality Change |Change |Refnarks n Reference
n in
’ Cae  |Net I )
Yield Income h
(%) (%)
Potato Mauritius +4 NA. 8 trials Rouillard (1968)
' India +7 +55 -, Bose & Asraf (1972)
India +11 +38 13 years Kar ¢t al. (1975}
India -12 +6 plant cane . Chatteree ¢t al (1978)
[ndia -5 +39 TatoOn cane Chatterjee ¢t al {1978)
India -13 N.A. - . ‘ Parashar ¢t al (1979)
India +3 +41 16 trials (review) Rathi & Singh (1979b),
Sugar Beet India -20 NA. - Parashar ¢t al. (1979)
India 27 +24 - Behl & Warwal (1977)
India -41 -59 2 cane spacings Sharma (1979)
India -24 +26 10 trials(review) Rathi & Singh (1980a)
India -27 N.A. 9 bect treatments x 3 years Chauhan ¢t al (1981)
Groundnut Taiwan |+5 N.A. - Chang (1965) .
India =11 N.A. 2 years Prasadarao & Rao (1969)
Philippines +4 +557 plant cane, 4 trials Villarico & Ledesma (1976)
Philippines +2 +26 ratoon cane, 2 trials Villarico & Ledesma (1976)
- India -8 +5 - Deshpande & Nankar (1977)
India -18 N.A. - Nadagoudar ¢t al. (1978)
India -13 -8 2 years Dhboble & Khuspe (1983)
Brazil -8 +6 Alngoas Lombardi (19857
Onion India -5 +19 4.onion treatments x 2 years |Kar et af (1972)
India -34 +295 . |- ‘ Ramdhawa (1975)
India -5 +98 - Behl & Narwal (1977)
. India -5 N.A. - . Parashar ¢t al (1979)
India +1 +109 2 cane specings Sharma (1979)
India -14 +39 TALOOR CARY . Bhutada & Parashar (1981)
India © -13 +13 2 lyeans Dhoble & Khuspe (1983)

+



Table 1. continued.
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Crop '’ Locality - Change |Change |Remarks Reference
in in
Cane Net
Yield Income
%) (%) ‘ .
Mung bean Thailand -1 N.A. 6 cane treatments Srinives ¢t al (1976)
India +1 +28 3 cane spacings : Narwal & Behl (1978a)
India +12 +36 8 bean treatments X 2 years . |Parashar gt a] (1978)
India -3 +3 ratoon cane Bhutada & Parashar (1981)
India +11 +170 3 cane varieties Narwal & Malik (1981)
India -6 +18 4 bean treatments Sethi ‘& Parashar (1981)
Pea India -11 N.A. 114 trials(review) Misra (1964)
Indin -16 . |NA. - - Parashar et al°(1979)
India_ 0 |+ ° |6 treatments x 2 years Joshi et a]l (1980) .
India_ -12 +3 13 trials(review) Rathi & Singh (1980b) .
Mustard Indin’ -17 N.A. - Singha (1961) .
India '[-33 +5 - : Bose & Ashraf (1972)
Indin -13 +41 24 trials (review) Rathi & Singh (1979¢)

.
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with wheat 1in 3 yearsf In many Eﬁstances the lilntercrops
R
had no effectuon SUC“OSE content although the reduction in
v e .
cane yield was qulte marked {Bhoj and Tandon 1959; Patil et

‘.
al, 1978).

s~

“Inw spite of the many trials in which yield reductions

‘were observed, (table 1),  causal mechanisms have not been

] et .
. . A VI o s . - .
given much agttention. In.most of the Indian reports, causal
o - e 1

. L (R : L v
mechanisms are” not mentioned at alla When they are men-

"~

-

tioned the stateme%ts are mere specuLatlons that are not

" ‘-'...«

even supported by field observations. 5 Nevertheless, a few

13

observatlons relating to possible causal mechanisms have
been found in tHeJliterature. ;Tang (1963) _ attrlbuted the

adverse effects of sweet potato gl cane yleld to shadlng and

to comoetltlon for water” He had observed th&u the sweet
<, - N
potato grew ;nto Ehe cane rows and’ assumed that<t0mpetition
("
occurred. Chang (1965) mentioned that because of 1ts oro~

w
N

fuse brapching habit, cOtton undoubtedly caused heavy -shad-

ing of young canes, thus reducing tillering. He sugqésted

ot
that the cane be allowed to tiller first before the copton
was interplanted or that the cotton be defoliated earﬁym-

Tse and, Shiue (1966) notlced "that when cane was 1ntercrooped,

{‘*"

with several crops, some cast’ more shade on the cane than

£ _ : ,
othersrﬂ They measured the resulting eti lation which last-

ed until soon after the removal of the intercrops. In one

trial, groundnutlﬁad no effect on the length of cane stalk

-t

‘from the time it was planted to harvest. Maize, cn the con-

L
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“trary, increased céne‘ stglk iéﬁgfh by iﬂiﬁper: cent at 7
weeks, but at harvest there was a slight re&ﬂcﬁéon of 5 per
cent only. In an attempt to minimize the effect of maize on
cane: Cheng .(1979) fr}eg planting 2 rows of maize in alter-

nate interrows of cane instead of one Yow in every inter-<
oo !

o

row. He obtained a 3 per cent increase in cane and a 6%pe% 
cent increase in sugar yield with the new system of plant-

ok o
ing, but he did not quote the yield of thé sole cane. The

improvement was attributed to less. shading of cane_ in =he

) o
: L%
new system. v

Thus, in a number of instances, competition for light has '’
been suggested ‘as being responsible for the observed reduc-
tions in tiller number and in cane yield. However, other

mechanisms may also be operative. For instance, the results

of Srinives et al, (1976) show that sunflower. and sorghum
may have m e adVerse effects thanycould be expfained on +he

basis of cg etltlon\for light. In a trial in Thalland,
~
sunflower andy sorghum occupied the land. for.less time than
v 4
"maize and wer:r at the same density .as maiZe, but they

reduced cane ield by 33 and 38 per cent, respectively,

whereas maize reduced it by less than 5 ver cent. In a tri-
al on intercropﬁing of beans with sugarcane in South Africa,
one of the. rare ones from that country, Leclezio et al

A , X .
(1985) determined that the number of tillers at 3 monuhs,
‘
i.e. 'at bean harvest, was correlated with the {ava4lable
i '.'fw's'
water content at 30cm depth but the correlation was culte,
!.

n



.

the difference 1n consumption use o¢f sole and of inter-

low (r = 0.38). Thus the reduction in tillering which they
. Y

observed with intercropping was related to cempetition fovr

soil water.  Whether competition ‘for water or competition
for light was§ the main cause of“tnhe reduction in tiller was

not established.

1.2.2.4 Resource use

Theoretically, there 1is more transpiration in inter-
¢ "( .

cropped than in sole cropped ﬁiéﬁ&é. Hence, the consumption

of water is higher too. ®In order:to, manage water - a limit-

-~
- 1, A7

ing resource in many situations - vith maximum efficiency,

cropped cane should be known. In one trial under contrelled
conditions; Chang et al (1968) determined that 'the peak-
watg:lrequirements of soybeang;é&éet potahqfand aroundnut

Ly ’ .
occurred at 2, 3.and 3 months, respectively, ,whereas that of
. e . R Ty s

- o

sugarcane does no%t ocoury;fintil several month

0]

s later. Tha
. i 0 b - ] . V )
indicates a degree of complementarity in water use between

égarcané and its intercrops. They further calculated that\

. 1 \
or thérElrSt 4 months, the watépfgéquirement cf sugarcane

Foay

intercropped with soybean, sweet,

L&

jeftato or  groundnut is
respectively 40, 24 and 40 per cent higher than that of sole
cegne. In their trials, water was supplied at rates to main-
tain optimum scil moisture levels and to allow maximum

growth rates. Nevertheless, the intercrops caused marked

decreases in cane "tiller number which the authors attributed

to shading of the cane.
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vielded, important information on the

Tracef studies have
-absorptibn of nufrients By sugarcane an& its intercroﬁs ang
on compeﬁition for nutrients. When tagged fertilizers were
placed in between cane and groundnut rows, the cane control-
led more 6f the label than the groundnut, espgéially as the
depﬁh of plécement was increaséd,(Chang and Lai, 1963). The
cane was sliéhtly more successful, especially after -3
months, at 'stealiﬁg' fertilizer P placed under thg ground-
nut ro@ than the revé;se.- Sweet potato was more competi-
tive. When placement of P was midway_betweenlthe rows, the
sweet potato accumulated much P. Even when th; fertilizer
was placed under the cane row, the sweet potato obtained
some. This may be related to the ability of sweet potatoe to
strike roots at each node. Similar studies with labelled Rb
in lieu of K yielded$much the same pattern of absorpt&on
(Changbgg al, 1969). |

The literature search has not yielded any information on

the interception and use of light by intercropped cane.

1.2.2.5 Agronomy

POSSiny because much of the ‘research work‘on intercfop;
ping of" sugar cane has been carried out at sugar cane
research institutes, more emphasis has been placed on inves-
. tigating agronqmic aspects leading t§ formal récommendationé
to.growérs. Thejlihks between such‘empirigal recommenda-
‘tions ﬁnd the more fundamental issues of ;dﬁpetition and

resource use have seldom been made. For this, reason, the

e
t/
h
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findings abbu;.op;imgm practices are seldom relevant outside
of the areas .and the situations for which they were devel-
oped. 'Nevertheless: a few examples of the type of informa-
tion tc be found in the liferature will be given.

A number of investigations have focused on -the comparison

between cultivars of selected intercrops. For example, Nar-

o

\n

wa% and - Bﬂhl (1978) reported that a tall and a dwarf wheat

cultivar reduced cane tlller number at 31 weeks by 75 and 55
"per cent, respectively, reduced the number of millable cane
by 23 and 13 per cent, respectively and reduced cane vield
by 36 and 16 per cent, respectively. Similar trends were
jbbtained by Rathi et al (1974).. Fu EE al (1964) tested 4
varieties of ricé which differed in plant height and length
of the crop cycle. Tney calculated by means of partia!l
regressions that the;'é was a decrease in yield of sugar
amounting to 100kg for every:ohe day increase in_the growing
period of rice. Plant height Qas not an important factor
. detéfmining the yield of sugar.

Iime of plantihg has been examined in a number of stud-

ies. For instaﬂce,aTang {1963) observed that when planted.

at the same time asrcane, sweet potato redﬁced cane yie}d by
ll-per cent whereas with a delay of 1 month, there was no
reduc%}on. On the other hand, a délay'of 2 weeks in time of
. planting of maize did not improve the yield of intercropped

cane (Gawhane and Patil,..1976). 3
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Plant dénsity and planting pattern have received much
i ‘ )
attention.. Consistent with the!‘observations that the
,-pgductions in cane yie%d {table 1) may be attiributed to com-

petition for growth respurces, are the findings that in gen-

eral, cane yield decreased” as the density of the intercrops

was increased (Gawhane and Patil, 1976; Patil et al, 1978).
In several instances, there were large increases 1in the
yields of the intercrops and rather small additional reduc-

tions in ¢ane yields, such that the profitability increased

(Hsiung et al, 1963; Kwong and Chen, 1973).

Many of:the fertilizer trials in intercropped. cane were

-~ not conclusive, often because of inadequate controls. More-
over, the results of such empirical s?udies condﬁcted at one
site are not necessarily appiicable at another. Several
investigations have focused gh;ﬁhe possibility of reducing
the adverse effect of intercrops on cane yields by giving
the cane an additiconal dose of fertili;er N. The results
have not always been conggstent. In a trial ove;‘2 vears,
Bhoj. and Kapoor (i970) were able to b;ing ué the yield of
cane intercropped with maize close to that of sole cane by
an application of 112 kg N per hectare. Oﬂ the other hand;
ag addition of up to 120 kg N+¢per hectare to sugérbeet in a
suéérbeet>-and cane intercrop did not significaﬁfly alté¥’
o ,

beet yields suggesting that nutrients may not have been lim-

iting the productivity of beet (Chauhan gt al, 1981).

U
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Likewise, field trials on irrigation have not always been
successful. In spite cf 3 to 4 extra lrrigations tz the
cane, its yield was still reduced by 13% by a maize inter-

crop (Bhoj and Kapoor, 1970). As thérg was no second

trol,’i; was not possible to know what would have héppeﬁed

. . 3 L ) 13 a
if the cane had not been given the extra irrigation. Simi-

larly results were obtained in andther trial over vears 1&
which Kar et al (1972) géve & extra irrigations to an onion-
'dane_intercrop. ﬂgvertheless, in one trial, onion reduced
cane yield by 18 per cent. In a trial' of cane int%rcropped
. , .

with garlic, wheat or pea, neither the sole nor the inter-
cqppﬁéé cane responded to the irriqatian f;éatment. The

reduction 1 cane yield due to wheat was not offset by irra-

gation (Joshi et al, 1980). .Similar results were obtained

by Parashar et al, (1978) whoc found that irrigation of sugar
cane ;intercropped with mung bean had no effect on mung beart

and/ijpnificantly incrgaséd cane yield in one out of 2 fri-

als

The responseS'oﬁ plant“énd of ratoon sugarcane to i1nter-
cropping have not been compared. Theré is only indirect
evidence from trials in diffgrent years and in which there
could have been yéar X intercropping interactions to indi-
cate that ratoon cane-fsimore competitive than plant cane.
For instahce,. Lugo-Lopez‘“(1953)' obéervea a 66‘#per cent
reduction of plant cane on intercropping with maize bat only

I .
a 14 per cent reduction of ratoon cane in another vyear.
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Likewise, potato reduéeg the yield of intercropped plant
sugarcane by 12Jper céht and that of ratoon cane by 5 per
cent. [ The yieid of the potato itself was reduced by 6 per
cent b}\the plant an&'by 28 per cent by the ratgon c;ne
(Ch;tterjee et al, 1978). It has also been repgrtéd that
sunnheﬁp reduced the yield of plant cane by 20 pér éent but
héa ne significant effect on ratoon cane (Aﬁon ; 1984).'

Tﬁe effects of intercrepping on pests and diseases have
not received much attention, although xheré are a number of
passing referenceé to them in the literatﬁre.

_Sugarcane.and'maize have several important diseases in
cgmmon. of thége, dowhy mildew has been menticoned as being
‘suqh. a problem in South: East Asia that intercropping of
sdéarcane with:maizé is debendent on the use of resistant
cultivars (Ledesha and Villarico, 1977) and is not recom-
mendedAwithout them (Cheng, 1979). .

Rege and Patwardhan (1953) reﬁofted-that when sugarcane
was intercropped with maize, the di%ference in borer infes-

tation was negligible.} However, they observed that besides .

Argyria{ another specié; of borer, Chinazonellus Whicﬁ is
specif;élgo maize was\ﬁlso observed con Fqﬁe5 nThis obgerva—
tion ﬂgé.not been confirmed. Singha (Q9él) Sbsqrved that
when sugarcane was intercropped with_coriander, it was free
of_pesfs. Batra (1962) expressed the opinion that berseem-
clover "hid" sugarcane from attd by borers. Ramdhawa

(1¢75) also observed tHat when cane Wwas intercropped with
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onions, it was free of borers. This may be related to vola-

.

. tile substances emitted by the onion. On the other hand,

there is one report from'Bangladesh (Razzaque et al, 1978}

in which ?ink borer ( Sesamia inferens) infestation was

actually measured in sole and intercropped "cane. It was

found that iyfestation was significantly increased by inter-

cropping with wheat but not with watermelon, mustard, toma-
to, potato, lentil, chickpea, sesame and cabbage. This
report ‘underscores the need to .exercise caution in the

choicqﬂof intercrops.

With respect to weeds, Kanwar (1975) stated that there

were less weeds in cane plots intercropped. with rapeseed and
' ial

wheat in India. Similarly, in the Philippines, Villarico

.
K

and Ledesma (1976) noted a marked depression in weeds,'espe~

cially Cyperus rotundus, in sugarcane intercropped with mung

bean, soybeah and groundnut. This 1is contrary to the

-

author's personal observation in Mauritius. The nutgrass,

Cyperus rotundus is one of the most noxious weeds in sugar-

cane fields intercropped with potato, groundnuf and even

maize in Mauritius. Weed contol with such herbicides as 2,

2-D in post-emergence 1is possible in cane intercfopped with

4

maize but not wifﬁ the others (MSIRI, 1984). 1In the Rhilip-A
pines, ,recommendétions have been issued too; atrazine is
recommended inﬂpre—emergence, andhg, 4-D and MCPA in post-

emerdéhCe (Ledesma and Villarico, 1977). Screening of her-

bicides for use in intercropped cane fields is also routine-

.iy carried out in Taiwan (Peng and Twu, 1980}
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1.2.2.6 6\)érview !Lof"i!:l‘tercropping of sugar cane with maize in
rMauHﬁu$g$, .
Maize ;as an important crop in Mauritius until the middle
of the nineteenth century when spggr cane became the main
crop and maize producti&h*diminished. At the end of the
nineteenth century, maize was intercropped with sugar cane
and a keen observer reported on the inﬁluence of maize den-
sity: N "; |
.."si le mais est clairsgméﬁ il n'aura aucune
influence nuisible sur les jeunes cannes.".
(Bonme, igoq?j o

"t
o

3 . “ *
Lt [

Boﬁgﬁé (1910) drew the attention oﬁ cane groweré to the
.advantages of intercropping sugar cane with féod crops. He
underlined the monetary advantages and the complementarity
in labour: use. In ‘particular, hq‘éxhorted cane growers to
take up maize production (Bongme, 1§i1) but apparentiy;with—
out success, judging_fféq the large amounts of maize that
were being imported atutﬁét time (De Sornay, 1926),. Among
the causes of this lack - of interest, mention ié made of_
storage pests (D'Emmerez deféharmoy, 1915; Moutia, 1940). and.
of the devastating effects of cycléngg (Bodkin and Craig,
1941). It appears howéver, that it'was generally accepfed

—_—

that maize had no adverse effect on intercropped cane (Lefe-

bure, 1937).
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Durihg the Second Wéfld War, cane planters were forced by
law to put a portion of'tbeifllands under food crops includ-
ing mailze. Although ;géércrcpping was practised .iAnonz
1942): it was -probably on a limited scale. Moreover, the
crop was not economicallyiattyaqtive and planters tended to
neglect the maize in fav&ur of-éugar cane, Aﬁd wéeds became
a serioﬁs problem (Craig, 1§445. The influence-of a renu-
merative-price on production was clearly demonstratedjﬁfter
the end of the war; production rose sharply in fesponse to a
guéranteed and renumerative price and dropped to very low
levels as sharply ‘whgn subsidies were removed. in 1949
{North-Coombes and d'ﬁﬁmerez de Charmoy, 1960).

o

Agronémic trials on intercropping‘wére initiated in 1948
to#cbmpare the effects on ;lant sugar cane of intercropping
with several food crops including maiié. Slight to severe
reductions of cane yleld were reported with intercropping

with maize (Rochecouste, 1950} . Potato did ﬁbt have any

adverse effects whereas the adverse effects of sweet potato

~ were substantial. In the next years, large adverse effects

of malze on ratoon cane were found in 2 out of 4 sites (De

- Sornay, 1952). Further trials at vafious sites showed that

when grown as one row in alternate interrows of ratoon sugar

cane, maize did nbt reduce cane yield (Nundloll, 1952;

Rochecouste, 1953). Nevertheless, maize production in

interrows was not adopted by cane growers. In facf, produc-
tion decreased from about 2000 tonnes in 1955 to only 180

tonnes in 1961 (Owadally, 1972).
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Prompted'by the success of potato iﬁ interrows of sugar
cane, the Mauritius Sugar Iﬁdustry Research Institute initi-
ated new trials in 1268. Results of 12 trials on intercrop-
p;ng of ratoon sugar cane with maize did not confirmathe
previous findings of Ndndloll (1952) and Rochecouste.(1953)
and sheowed that the reductions in cane were enough to offset
the gains in maize fRouillard, 1971}.‘:EOF the first time,
it was postulated that the local maizé’variety- the only
type grown in the country until that time- may be too tall
and late-ma%uring for use in sugar cane interrows. This. led
naturally to . the importation and'testing' of short, eérly-
maturing variéties. , These were found not to reduce cane
yields (MSIRI, 1975a) and were.therefore recommended for use

in rateoon sugar cahe interrows. (Pillay?ﬁpd Mamet, 1578).
However, yields of intercropped maize were rather low, proci-
ably because of a low plant density (19,000 plants /hectare).

Moreover, neither total productivity nor costs of ptoduction

seemed to have been taken into account in the recommenda-

tions.

Thé new early-maturing hybrids were alg; tried in interj
rows of plant sugar cane. It was found that, as with rét&on 
cane, one row of maize in alternate interrows of prlant cane
had no effect on cane yield. However, when grown in every
interrow of plant cane, the maizg reduced cane vyield, and

the magnitude of the reduction increased ‘as maize density

increased (MSIRI, 1977). At the density at which the effect

!
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on cane was neglible, the maiza yieldé were_still'rather
low. Perhaps for this reason, sugar cane planters did not
adopf tﬁe practice and there was no increase iﬁ.m;lze pro-
duction from 1575 to 1983 (Govinden and Mauree, 1985).

At the beginning of Eﬁé 1570'5, there was much interest
.in the mechanization of cane and of maize. It was feared
that with industrializatlonf therermight be a Ehortage of
labour. Moreover, costs of iabour were Irising. This
explains the interest in what has become known as"differén—
tiél cane spacing'. The idea is to pair.the cane rows ‘so
that‘2'rowslcan be harvested simultaneouéiy. Trials witﬁ 2
cane Varietiés at 4'5i§es showéd.that there was no loss in
sugar with the change from the:‘tiaditional'-uniform 5ft
(1l.62m) rows to paired rows either at 6ft/4ft(1.94/i.30m) ér
_?f£f3ft(2.27/0.97m) (MSIRI, 1975b). With paired cang_ro@s
fherq is mor< space for intercropping, aﬁd'it wasipostulated
that it may be poésibié to increase the maize_dgns%;y with-
out detriment to thé cane. Moreover, mechanizﬁtion of maize
planting and harvestlﬁq may bg simpler. P;oblems haé Been
encountered with the Aevelqpment of a corglpicker fopjdse in
sugar cane interrows; but e#entually, it was made.éo work
(MSIRI, 1979). Trials were therefore started on thg growing
oé maize in interrows of differentially—spaced.cane: With 2
cane varieties; it was reported that pairing of cane rows

was associated with an average reduction of 14 per cent in

cane yield, significant at P=0.2; doubling of the number of
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maize rpws led to doubling of the yield of maize without

increasing the adverse effects on cane. (Pillay, 128C). The.

increase in maize yields as a tresult of the doubling of the
number of rows in differentially-spaced cane was confirmed

in ‘another trial. Additionally, it was observed that when

vy M

the'within-;ow spaéing in the 2 maize rows was 15 cm, giving
a denéity of 41,606 plants per hectare, there was.a signifi-

cant loss of cane and sugar. At a density of 25,000 plants

per hectare, the maize had no significant effect on cane

’ . £
yield (MSIRI, 1981). Unfortunately, in this trial there was

no proper conprél; the scole cane was planted in paired rows
but not in uniformly-spaced rows. It was therefore not pos-
sible to evaluate the effects of differential spacing per

se.

By 1981 when 'the present groject-wd;-initiated, much had
- been accompliShed but. there were still a number of problems

to be resclved. At the prevailing prices, growers wers not

convinced cof the benefits to be derived from the intercrop-

ping of cane with maize. A new apprecach was. clearly neces-
éary.
1.2.3 Conclusions

The review of literature has <Tevealed the following main

-

points :-
(1) Intercropping of sugarcane is widely practised in

‘ . i ) .
some countries but is completely absent -in-others.

) - -
- -

[
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*{11)' Sugarcane is intercropped mainly to increase the

‘Kproductivity ofwiénd and the profitability of the.
A e -t

enterprise. The increased producQ}Yity of land has
‘o e

not properly been assessed because of major shqgt—
comings in the indices that have been proposed.

Increased profitability assessed as net profit or
' [
e E‘_ ~
. _ I, . ® .
net income is well established¢foxr a .numberiof crop.

[

combinations and situations.

1g4§ii)-Competi£ion has been studied with respect tec the

!

"L effects of intercrops o©n sugarcane. However, com<

[

parisons between the’competitive abilities of dif-

ferent intercrops are probably invalidated by the

Lh}

variations in plant densities. Tﬁeiﬁhantifiéation

- P . .
of competition between sugarcane .and its intercrops

by means of competition fﬁnctions has not been

attempted.

(iv) Many intercrops reduce the number of cane till-

(v)

ers, the number of millable cane and the final cane
yield, but the mechanisms of competition are not
known. Shading has often been implicated. Ge;mina-
tion and 'sucrose content are not affected by iﬁfér-
‘cropping.

The literature on f%hdameﬁtal aspects of resource
use 1s scanty. The rélationships between resource

use under controlled environments and in the fiﬁlﬂ

-

. /
have not been established for any of the growth fac-

tors, light, water, nutrients.
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(vi) Several aspects of the agronomy of intercropping

K of sugarcane with other crops have been studisd and

recommendations have been made. ' Because of the var-
1§tions in cropping systems aﬁééﬁlimate‘et.c, the
récommendqtions arg usually specific to the condi-
tions for'which they were develcped.

Ap(vii) In Mauritius itself, there is still much to be

f

done, particularly on increasing our “understanding
of the fundamental aspects of intercropping of
sugarcane. The total biological preductivity and

economic profitability of cane-maize mixtures have

' to be calculated. -
v g

. o i

.3 1.3 The Besearcﬁ project and its objectives.

The regsearch project consisted of 4 parus.
r - '

Part 1 : Competitive relations.

~

The competitive relations of rlant sugar cane and maize

were . studied in 2 replacement series trials. The main

{ .
objective was to determine, with the help of competition

3

.
functions, which of the 2 species was more competitive in 2
contrasting envirorments.

Part %‘: Resource use.

The 'objective of a series of 4 trial;&,és to study the
- v

nature of the. . interaction between plant sugar cane and maize

r .
1n one mixture. In particular, 1t was proposed ToO assess to

. . N - I
what eXtent the 2 crops competed for, or were complemesntary

- .
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in their use of, the major growth resources, light, water,

nutrients. :
’ - rf':~,
Part 3 : Temporal-.relations . R
The influence of time was ﬁtp&iéd;,ip}-Z..trials. The

hypothesis to be tested was that the competitive relation-
ships of the 2 crdps and the productivity of the mixture
could be altereq by wvarying the relative times of pféntlng
of the 2 component crops. Of;gggticular‘intefest,-was the
possibility of reduélng adverggzéf%;cts of ‘the mai%; on the
plant cane yields by delayipg thé planting 6f the maize.

Part 4 : Spatial relations and ;:;roduc;tivity.

In a series of 4 trials 1in plant sugarcane and 3 trléls
in ratoon sugarcane,’ the effects of maize density and plant-
ing pattern weréigpﬁgied in several contrasting environ-
ments. The ebjecéibég.were “
(a) to evaluate  the relative agronomic and economic mer-
its of 5 c@hﬁiﬁations'of 3 maize densities and 2 planting
patterns ig‘égberal contrasting environments. <;>

(b) to attempt to relate the observed responses of suéar-

cane to previous findings on competitive relationz in

space éifhfiff;/, .

.
o

aQ
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Chapter II

;  MATERIALS AND METHODS

2.1 Description.of sites.

The 15 field experiméntq reported in this thesis were
conducted at 6 localities in 3 climatic zones of Mauritius .
(figu;e 1): ' |

Belle Rive and Union Park:Super-humid
Reduit and Pamplemoﬁsses :Humid (irrigated)
Bambous and‘Belle Vue - :Sub—humid (irrigated)
. At Ré&uit, Belle Rive, Pamplemousses and Union Partrk, the

trials were located on Sugar Experiment Stations belonging

to the Mauritius Sugar Industry Research Institute. The .

.

trials at Bambous were on a newly-opened Experiment Station

now managed by the Ministry of Agriculture. At Belle Vue,

the trial was on a section of the Belle Vue Mauricia Sugar

2

Estate. '
The main characteristics of the sites are summarized in
table 2. All Mauritian soils are vdlcanic deriveé. .At
Reéduit, Pémplemou;ses and Bambous;ughg,soil is a deép silty
clay with a moderately fine.granular structure,. At Bellel
Vue, the soil is a moderately-shallow silty clay loam in
which gyavels are common and the crumbs weakly developed.

The soil at Belle Rive is a deep silty clay loam. It has a

/

L3

5 .
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Figure 1 : Location of Study Site'é o

Map of Mauritius showing

sites and the three main

-gumid, humid and sub-humid.

the location of

climatic

zones,
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‘weak'coarse gréﬂhiar structure, and its clay type differs
from that_bf_the 4 preceding sites iﬁ being predominantly
gibbsiée instead of kaolinite;f The soil at UnionmPark is a
shallow silty clay Loam with nﬁmerous gravels; It has a
weak mediumlcrﬁmb structgrg‘and its clay typé has not been
determinéd.ﬁ :

The -agricultural - suitability ratings (F.A.0. and MSIRI,

1973) of the so0il at the sités are given as:

Bambous, Réﬁuit,

Belle Vue
and Pamplemousses Highly suitable'for sugar cane and for
s maize (with irrigation) ;

Belle Rive. Moderately suitable for sugar cane and
for maize ; \\\

Union Park : Margiﬁally suitable .for sugar cane, and
not suitable for maiée.

2.2 Genefalfkﬂd and laboratory techniques.

Standard agronomic and labbratory pract;Ees in force at . 2

the Mauritius Sugar Industry Research Institute were fol-
lowed.. The general field and laboratory techniques will be

reported first. Specific technigues and departures from the
; . ] .

general.methods'will‘later be given for each trial (section
. _

~2.3).

- 2 : -
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Climate and soil characteriatics of sites in .
Yauritius where field trials were conductsd.

3

" Climate

Sie Trial no |Elevation Soil Types*3
. Zone |Raine |Temperature{" C)2
fall ‘
(m) (mm)*| July January A | B
Mix. |Min [Max. |Min S
Reduit 3,6,8,9 aos Humid (1600 [22.5 |15.1 |28.0 |21.0 |[Low Tropeptic
to Humic Haplustox
N Latosols (Oxisols)
Pamplemousses 12,15 80 Humid |1578 |25.8 |16.0 306 220 |Low Tropectic
; Humic Hapiustox
Latosols (Oxisols)
Bamboys 1,4,7,10 140 Sub- 1025 |258 169 [31.1 |228 |Low Tropectic
Humid . Humic Haplustox
Latosols (Oxisols)
Belle Vue s 93 |sub- (1400 {241 [169 295 722 |Latosollc |Ustic
Humid Red Eutropepts
' Prairic®4 {Inceptisols)
Belle Rive 2,13 430 Super [33%0 219 |[13.9 [268 (19 |Humic Dystropepiic
Humid Perruginous | Gibbsiorthox
Latosols {Oxisols)
Union Park 11,14 80 Super |3528 |21.6 [157 |27 (207 |Latosolic Lithic
Humijd “.. [Brown Humitropepts
: Forest . (Inceptisols)

* Thirty year (1951-1930) normal annual ralnfall (Padya, 1984).
‘2 Maan maximum and mean minimum temperatures for the coolest and the warmest
nonths(Padya, 1984) .
*3 A: Mauritius Great Soil Group; B: Tentative equivalent In U.S.D.A. Soil Taxonomy.
. 4 Transitional between Latosolic Red Prairie and Low Humic Latosols.

-
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2.2.1 Plant sugar cane

] -
-2,2.1.1 Plant establishment,and field plot technique

Land under fallow was cleared of 815 sugar cane stools by
means of a éhallow sub-soiler to a depth of 30-40 cm. This-
was followed by the passage of a disg_plough to a depth of
30 cm, in two directions at right aﬁ%les. The séilﬁ was
levelled either with é disc harrow or a rotovator (Reduit
and Pamplemousses,lbnly). Cane furrows were dug either by a
tractor-drawn furrow-opener and corrected with garden hoes
or entirely with garden hoes. The cane furgows were 20-30

cm wide and 20-30 cm deep, and were at a distancé, centre to

centre, of 1.6m, eXcept in trials where cane spacing or den-

..
sity was varied.

)

Fertilizers were applied at the recom@eﬁded commercial
rates (section 2.3). The P was ?iven as triple super phos-
rhate, a1l cf‘which was applied in the furrows at planting.
The K was in the form of muriate of potash (potassium chlo-
ridq) and was also lgiven in one dose 1in the rfurrows} at

_pPlanting. Mitrogen was supplied..as sulphate of ammonia or

.

calcium“ammé%ium nitrate and was given in one dose as a top-
* N -

‘dressing on the cane rows at 4-8 weeks.
Plaht cane was established from 3-bud’cﬁt:ihgs'a: the
rate of 31;250 cuttlings per hectard. The cuttings were

obtained from commercial- nurseries: and were treated at

source with a fungicide, aretan (5 g/litre of the, &) formnu-

-

lation) or benlate 0.5 g/litre). The fertilizers in the’
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bottom of the fuff;ws were covered with 5-10 cm of soil.
The cuttings were placeé diagonally in the furrows aE.ih:er—
vals of. 20 cm and were covered‘fog 5-10 Emf&f soil.

The field was sprayed with a pre-emergence herbicide,
atrazine (2.5 kg a.i/ha) after the cane éﬁd maize plantaﬁt
tion. The fields were kept free of weeds‘by hoe-weedind.
Iﬁ some trials, a second application of a commercial herbi- -
cide was made bgfore the cane canopy closed. It was applied
as the amine g%%% of 2,4-P (2 kg a.e. /ha) at 1 to 2 weeks
before the maize was harvested. ‘

Cane was recruited with pre-ggrminatgd cuttings at 6-8
weeks; gaps of 20 cm or more were filled in.

In the 1irrigated trials, 30-50 mm of water were given
every 7-15. days dependinq on rainfall. About 20-30 mm of
water were applied per hour by means of an’oyer-head spripku
ler system. Irrigation was‘stopped 2 months before éane
harvest to allow the cane to.ripen.

“The plots wéré‘trashed once or twice during growth and at

1-2 weeks before harvest 1n order to facilitate harvesting.

Pests and diseases were not observed to be of much impor-

tance in the trials. Rust (Puccinia melanocephala) was
prevalent on young canes in some trials but the disease
disappeared with- no apparent adverse effect when the cane

canopy closed.

-
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2.2.1.2  Field data collection - 1

Plots varied in size (section 2.3), and usually consisted
of a minimum of 4 rows of cane 6m lona. The central 5m por-
tions ofl the 2 migidle r§w§ constituted the experimental ﬁlo%
of. lém? from ~thch data were recorded and plot ?ield
obtained.

Tiller density was determined by counting all live till-
ers in the experimentalbﬁlot. ‘

Stalk height was measured from ground surface to the top
visible dewlap (T.V.D). At the start of measurement, all
the cane stalks that were likely to survive to harvest were

measured and the average height of the stalks in the piot

was calculated. A representative sample of 20 stalks was

taken such that the averaqe height of the samp}e wasr?qual
(to + or - 5 per cent) to that of the‘plot; These 20 stalks
were tagged and theirhéfowth‘ﬁas followed oven}theicycle
until cane harvest or until the cane flowered. | -

. Number of millable canes was counted at harvest either on
tﬁéssﬁanding canes or; as'ﬁhe individual canes were being
wéighed. | N |

Unit stalk weight was recbrded on individual caﬁes with a
Jaboratory balance to + or - 254g. Bulk.plot weight was

measuréd with a field scale to + or - 500 g;

~_

1s
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é.2.2 Ratoon sugar cane

At Belle Rive [(trial no.13) and-Union Park (trial no.14),
the tfials were in first ratoon sugar cane. ., The plant cane
was established one year before maize planting as described

~in the previous section (2.2.1.1). No intercrops were,'ﬁow-

ever, grown in the interrows of the plant cane. ‘After the

harvest of the plant cane, the trash’was lined in the cane

interrows in which maize was not to be grown. The cane was

recruited with whole cane stools, gaps of 20 cm or more -

being closed.

At Pamplemousses (trial no.l5), the trial was inqsecond

v .

ratoon. The plant cane crop had borrie a maize intercrop,

but the first ratoon was not intercropped. The yield of
. N * . hY

AEhe
first ;akoon was measured for each -plot, and as there was ho
dff?ggg:;e“in cane yield of the plots, the field was deemed
uniform enough for a frial'ih second ratoon.

| In all 3 +trials with ratoon cane, ‘fertilizers were
épplied as a top-dressing on the cane roy;immediately after
cane harvest and trash lining, prior to méize plantation.
The\Fompleﬁ fertilizer 17:8:25 was USéd at ratesﬂthat varied
'fromfsite to site {section 2.3)

Cultural practices and data collection were as for plant

cane (section 2.2.1)
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2.2.3 Determination-of the yield of sugar

»

2.2.3.72 Sampling

Thirty canes .were ;andémly cut from experimental plots.

. They were topped and separated into 3 "sub-samples of 10

canes each. Ali canes we#g cut into.3 approximately equal
parts,'the toﬁ poréioé infthe first sub-sample, the middle
portion in - the second1sub-sample and the bottom portion in
the third sub-sample &eing retained. The 3 sub-samples of
10 cane portions werg then placed iﬁ alsampling bég such
that S‘distal ends ‘and 5 proximal ends~ﬁq each-gub-sample
were at the bottom of the bag. This ensuréd ‘thaﬁ. bpth

?

extremities of each porticon of cane were‘equally representéd

in- the. crushed bulk.

2.2.3.2 Analysis

Sucrose content of cane was deéerﬁined by standard proce-
durés as deicribed by Saiqt Anﬁoin& (1968). About two-
;ﬁirds of each portion of cane in thé saﬁple wefe chipped
into pieces Lpproxlmately- 0.5 mm thick by means of a

locally-made cane chipper (Jeffco, Forges Tardieu, Port-

Louls, Mauritius). The "chipped material was thoroughly

mixed manually and a sample of 329g was removed. To' this

~

_ sample, one litre of water containing 1Oml-of a 5 per cent

. - . . ’ ~ ° M
solution of scdium carbonate was added to prevent the inver-
sion -0f 3UcCrose. The mixture was disintegrated for & min-

utes in a wet disintegrator (Jeffres Model 29i, Jeifres
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Bros., Brisbane, . Australia). The contents of the we:t disin-

' tegrator were filtered over calicé cloth, the filtrate was

saved for sucrose content determination. The filtrate was
3 e

clarified with léaa acetate and filtered. The pol of the

clarified juice extract was determined using an automatic

poi.reader (Saccharomét III, Schmidt and Haensch, Federal

‘Republic of Germany), the reading of which givzs the pol per

cent cane directly. - .

2.2.3.3 Calculation of sugar yield S~

. Sugar yield is the product of cane yield and the Indus-
trial Recoverable Sucrose Content (I.R.S.C.).. This parame-
ter was thained from the equation of Saint Antoine and
Halais (1961): .

IRSC=0.9 ?ol%-l.B

, 0.2 relates the sugar conten®

tt -

The first coefficien

*

obtained by the laboratory procedure to .that of industrial

mills in Mauritius. The laboratory wet milling- procedure-

~

was found to give values higher than those of industrial

operations, and the canes from experimental plots were alsc

“generally much cleaner than canes sent to factories for pro-

ceSsiqg. The correction factor, -1.8 relates sugar content

. o
to recoverable sugar content. On average, the sugar loSses

.

during factory operations in Mauritius were found " to be

_abbut 1.8 pol % cane irrespective of jUiﬁﬁ purity and fibre

content.
/-, .

"
- 4

-~ .
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- 'hosporium turcicum) ‘and leaf rusts (Puccinia polvsora ard P.
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2.2.4 Maize . ' ' ‘

2.2.4.1  ‘Plant establishment:and. field plot technique ‘ A

Maize furrows were about 10-15 - cm widé and 16-15 ‘cm deep

and were dug with a- garden hoe. The complete fertilizer,
L

13:13:20:2 was applied at recommended rates (section 3.3) to

‘“~ the bottom of the  furrows and;"were covered with about 5 cm

o ,

of soil. ﬂAn-a ditional dose .of nitrogen was given as a top-
"

dre551ng at &- weeks after sow1ng In intercropped plots

’

the fert1i¥g%thn of maize wa} pro-rata of its density.

Atfplanting, a granular irsecticide, Carbofuran (Furadan

’

10G) was aﬁplied in the furrows at the rate .of 1.5kg active

. . . ,") K .
ingredients per hectare as a preventive measure against web

worms, Angustalius malacellus (Lepidoptera, Pyralidae. Cram-~

binae) which redlce plant stands unless controlled. kad

Unless d6therwise specified, sole maiie vas plaﬁted at a
density of 62,500 plants per hectare achieved with an inter-
row spacing of O.Bh and.an‘intra-row spé&ing of 0.Z m. Two‘
SL;dS of the localzy~developed S-way cross hybrid,‘ U=-R1l+

were sown per hill. The trials Were recruited after 7-10

days ,and the plant stands were thinned down to one plant per

hill after 20-25 days. o ' o ~

Although leaf diseases, especially leafibliqhts_(ﬁrip int- ?
-8

o e
2 ‘. .

LE

sorghii) were prevalent in the trials and may have

reduced vyields i1n the first season trials,. no controi. meaz-

ures were emploved.  Pests were of minor importante and were

Rt
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N

reasonably well controlled. ‘Cutworms, Agrotls ipsilon (Lep-

idoptera, Noctuidae) and field mice damagedr'germinating
seeds and were controlled with poisoned baits. The trials

. . ’ l“) -
were fenced to keep hares from damaging young maize and cane
seedlings. In spite of a watchman, birds nevertheless

reduced maize plant stands‘by'hprogting'the germinating see-

dlings, hence the need for‘recruiéing.'

2:2.4.2 Field data collection

Maize was harvested at one week after ,physiological
maturity when thé‘moisturé content of‘the'érainzwas 25-3%
per cent. All plants in the experimental plot were counted,
and the ears were rgmoﬁéd,ﬁgghuskéd and weighed to + and -
.50 g. The ears from each pl;t.wefe separatély stored in a
crib for 7-15 days. The maize blants-were cut at dround
'iéve% and the wéiqhﬁ_of the fresh.Stover was recorded. Py

sample of 15-20 plants from each plot was_milled. Thg‘rest

"was placed in ﬁbe'cane interrows. The milled material was
mixed thoroughly éna a sub-sahple of 500g was dried :in an
~oven at 9% ° C for moisture content determination.

The air-dried ears wére shelled and the weights of cob
and grain reéérded.;rAfter miﬁing,-samples'of\%oo g of grainm
and of cobs from each plot were used for instﬁre content
determination at 95 ° C for 24 ngrsl |

Dry weights of stover, cob and grain.add up té the tofdl

. -

above-ground biomass, oven dry basis. Grain yield was

B

expressed 'at 12.per cent moisture gontent (12.% m.c.}, the

" level considered safe for storage in Mauritius.
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2.3 Materials and methods specific to each trial ' 15{ 

2.3.1 ‘Trials 182: Rehlaceme‘ht series trials to study competitive
relation of plant cane and maize

The.triéls were conducted at Bambous {sub-humid, irrigat-
. . 4

—

.ed)- and Belle Riveé ‘(super-humid) with plant suhar cane.

+

Non-additive mixtures of maize and plant sugar cane were -~

-

used; that 1s, the total plant populaticon densities of all

’ the'mixtures were equivaLeht to 100 per cent. But the pro-

portions of the two‘grops:in the mixtures were varied in
order to give the.c£ops a range of competitidﬁ‘ﬁpportuni—
ties.

The;mixturés were constiﬁutéd on the basis.that ﬁhe opti-
mum densities of the sole «rops were eéuivaléﬁt. One cane
'plant’ was taken to-.be eguivalent tQ:Z maize plants since
thgar optimum densitieg are Tespectively 31,250 cane cut-
tings per hectafe. and - 62,500 maize Pplants per hectare.
Alternatiyely, one row of cané-was taken to be eqﬁivalenﬁ to

-

2 maize rows since, sole cane is normally planted in rows
1.6m apart while sole maize is normally planted in rows C.8m
apatt. . In both sole cane and sole: maize, .thej infraéxpﬁ
spacing was 0.2m: Thus in a 1:1 cine:maize mixtu;e,'one réw
of maize alternated with 2 rows of maize and in a 2:1
cane:maize mixture, two rows of cane alfernated with 2 rows
of maize (figure*Z)f ;n all cases thg distances were '1.6m

between 2 Jble cane raows, 0.8m berween 2 sble maize rows'and

1.2m between a cane and a maize ‘row. There were 3 mixtures

R
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which together with the sole crops constituted a replacement
series, ' - : ‘ .

There were two plots ‘of eéch mixture; in half _of the
Qlots‘méize was planted only once, a few days after cane
plantation (table 3). In the cther half, maize was plantedh:
three times, one crop beipg replanted as soon as the preced-
ing crop was harvested. The 8 treatments in the ‘trial wete:
| : 1. Sole Cane (100%

2. 67%Cane + 33% Maize (1 crop)
3. 50%Cane +1SO% Maize (1 crop)
4, 33%Cane + B67% Maize (1 crép)
5. Sole:Maizé { 100%) '

&. 87%Cane + 33% Maize (3 efops)
7. 50%Cane + 50% Maize (3 cFops)
8. 33%Cane - 67%'Mai;e (3 cfops)"

The . treatments were' é;fanged in."}andomized complete
blocks wiph 4 replicates. ]

Fhe croﬁs were fertilized separately at thé commercially=-:.%

recommended rates (table 3). Details of plot size and of

dates of'plantiﬁg and harvesting are also given in table 3.
,: 3 . A A



Figure 2

..

cane alternating with 2 rows of maize;

f

: Replacement series mixtures of plant sugar cané and maize.

Top:sole cane in rows at 1.6 m;

Center: 2:1 cane: maize mixture showing 2 rows of
Bottom: 1:2 cane: maize mixture showing one row of

cane alternating with 4 rows of maize.

Photograph taken at Bambous 9 weeks after planting

of cane and of maize.
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Detalls of methods in replacements seriesn”

Table 3: triqls
at 2 Bltes.

Trial no Trial no 1 . Trial No 2

Site  ° I Bambous Belle Rive

Climatic Zone

~r

Sub-humid -irrigated

Super-humid

M 13/56

Cane Variety M 574/62
Maize Variety U-R14 U-Rl4

i ! :
Date of planting _

R plant oane: Aug 13,1982 Aug 11,1982

- malze(1lst crop) |Aug 18,1982 Aug 13,1982
raize(2nd crop) |Dec 12,1982 Jan:4, 1983
maize(3rd;crop) |Apr 11,1983 Apr 19,1983

£ Z . ‘
- g — M I
Date of harvest ) : -

: plant cane Sept 1,1983 Sept 14,1988
maize(lst crop) |Dec 16,1982 Dec 24, 1982
maize{(2nd crop)- |Apr 7,1983 - Apr 12, 71983
maize(3rd crop) " |Jul 25,1983 Aug 15, 1983

Total Plot size (m2) . |8x6-48 8x6-48
Experimental & . _
|plot size (m ) 13.2x8=18 3.2x5=186
Degign - *|RCBD RCBD
No. of replicates =« 4 ‘ 4
y ' I
‘Sple. cane {ertilization ‘ T A

NCkg.ha~ 145 . "7 145

PrOg(kg. ha L 298 .~ 325

Kg0" (kg.ha~ H o« 220 . 210

Sole maize fertibization ) ' o

N(kg.ha~1) 1i8+110 - 75+100

Po05(kg.ha"1) " 115 . 75

K20 (kg.na"1) 180 - 120

o

]
Irrigation

oy

35 mm/week

-

v

Ril /,//

T
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2.3.2 Trial 3 : Soil partitioning triaI to study the relative

importance of. above and below ~-ground interactions.

In a trial thh plant sugar cane under irrigation at
Reduit, the root systems of the maize and of the cane were
separated by means of vertical plastic partitions in the

3011 following - the technique descrlbed by Willey ag&fRed-

A .

'dy(1981) ' S

After the land had ' been ploughed and lé&élled as

descriped in section 2.2.1.1, six plots were allocated at

L

. random to each of 4 replicates according to a randomized

¥

completelbloék design. There were 2 plots each of 3 crop-

ping systems, one yl;h and one without, soil partitions:-
-Sﬁle Caneriﬁ‘rsgsispaced_dgfl.Bm, without partition;
Qégle Cane 1n rows spaced at 1.6m, - with partition;
-Sole Maize in rows spaced at 1.6m, without partition;
—Sole-'Naize in rows: spaEed _3t_'l:ém, with partiti&n;

._—Intercropped Maiié an&J Cane, without partitior;

--Intercropped Malzé and- Cane with partition:

-‘ e »

wide, 60 cm deep and 9Sm long were dug at 0.4m from the loca-

tions of the cane and malze rows. Shee_s.of thick Dolfthene'
plastic (thlckness 0.02 mm ) re lald. vertlcally in the
trenches whlch were fllled ‘with™ 5011 The soil was com-

pressed and allowed to settle for 2 months, after which the
N T

cane and maize furrows were dug for planting. In the inter-

- cropped plots, one row of maize was ‘grown in every cane

A

In the plots bearlng the se¢il partitions, trenches 30 cm

b
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~ plant densities were identical.

76
e

P

) cropped mef;e, the intreffew spacing was 0.15m, so that the

e o
] 3 R

'Plots Mere 9.6m wide and: 9m long. In'sole cane,  on

metre borders were kept at the ends of each cane row, and

the 5m portlons of 2 middle rows out of 6 cane reys constl-
tuted the experlmental plot (16 m?). In maize, the experi1
mental plot con51sted of the 60 plants in the central malze

row (14 4 m?).

['interrow. In the soleyymaize at 1.6m, and in the inter-
’ AT .

Sugar cane variety M 21/73 was planted on September 7,

1983 and harvested' after 57 weeks on October 10, 1984
Maize wvariety U-R14 was .sown on September 12, 1983 and har-

vested at 15 weeks on December 27, 1983. Maize harvest was

-

one week before the scheduled dater because a cyclone had

caused aLl the maize to lodge on December 25, 1983. -

At planting, cane was giveﬁg385 kg PZOS and 210 kg KZO’

“and at 6 weeks, ¥ 130 kg Niper hectare. Maize was supplied

with 155 kg N, 155.kg PO Sand 240 kg K0 at plantmg and an

addltlonal f%Skg N per ‘hectare at 4 weeks as a top dressing.

the same as in sole cane.

L

L.

Cane canopy helght was measured from ground level to the
tip of the tallest leaf at 5 sampllng p01nts at 1ntervals

along each of- the two experimental rows. Maize canopy

-

L4

In the 1ntercropped plots, maize fertilization per plant was °

height was measured from ground level&tq the tip of ‘the ;as—-

) ‘ . ’ D . . - L
sel.at.silking. v:There were also 10 méasurements per plot.

N

PO

+
.



—r—t .

At maize harvest at 15 weeks, céne biomass waé estimated sy
fﬁg@ ] one-metre samples (3.2 mzf, located.at Im from'thq'
enQQAf e;ch experimental rgw{'nIhg samples.were milled aﬁﬁ?fu5n~
dried in an oven at 95 ° C.gg;d2§ hours. At cane harvest,;;fffzjﬂ
Eﬂé’weights of cane trashj"ﬁb§s éﬁd:stalks.were recorded
'separately. Samples were milléafféﬁd dried. Cane above-
ground biomass was calculated as the sum of trash, cane tops
and cane stéﬁ&s.l |

Rd@; density waé exam;ggg by the trench profile method
(Bbhm,:1979). A .trench 1;:wide and 70¢m*deep was dug per- .
pendicﬁlar to.;the cane rows from the centre of one row to
the next. The two vertical planes acrégétthe cane rows were .
smoothed with a sharp knife. All rootsdaére cut with a pair

of scissors and the soil was.washed to a depth of 5 mm with

a jet of water under pressure. A metalli@ frame on which

was marked a grid of sqﬁéres 10cm by 10cm, was then fixed to

the sides of the trench, and the ﬁumber of root ends in each

sguare grid was recorded. , There were 4 observations in each

of 2 replicates. The root counts were averaged for 3 soil

depths, 0-20 ¢m, 20-50cm and 50-70cm from the soil = :sur-

face, and\ for 2 locations across thenrows,-d-40 cm (within
row) and 40=86 cm (interrog) f?om the. centre of the c¢ane
rawj In the first locatioﬂ;fo—éotm:(withiﬁ row) were found
the roots that were bounded by the partitiors whereas in tﬁe
40-80cm_(;nterrow), were found the rogtﬁ that had crossed

thevpgrtitions. <

»
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2.3.3 ‘Trial no 4. Role of nutrients P

. | _ ‘
The trial was planted at Bambous on virgin soil. The

.

land had been under fallow probteygs;nce the late 1940's.

The land was cleared with a crawlerntractor and derocked.

Land preparation and planting techniques wére as previously .

described (Section 2.2), except fqr rates of fertilizer,
which- varied.
The treatments were: v
i N -
+ Factor A: Cropping pattern . ﬁ;fy
Al: Sole cane at 1.6m
AZ;NSCIE maize at 1.6m - ‘ -

43: Intercropped maize and cane

Factor B: Fertilizer ra;e to meize“and/or cane.
B1l: “ﬁﬁfertilized" :No ferelllzer wac‘edded-
B2: "Fertilizer" rat 100 kg N/ha
‘ 150 kg P205/ha.
200 ké K20/ha
B3: "Over—%ertilized“:at 300 kg N/ha
450 kg P205/ha’
600 kg K20 /ha’

There were 15 treatments in S11: 381, 3A2.and 9A3. The

'9A3 treatments consisted of all- E'hblnatlons of 3 levels of

NPK applied to maize with 3 levels of NPK applied to cane.

‘'The 15}treatments were allocated at random to 3 replicates .

as perla randomized complete block design.
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oo . s
.'_\,. " e PN .

One row of malze ‘was planted in every 1nterrow o: augari

cane. In both the sole and the 1nt';cropped malge _;he

- _.f- vy '.'. .

intra-row spac1ng was 0.2m. . el

.

Nitrogen was supplled as sulpﬁate of ammonia,tphesphorus

)

as single! “super phosphate and potassium as muriate of

poteghe' CAll fertilizers_'were applied in the furrows at

L Y

planting. R S » .;H

KN

The plets consisted of 4 fows'9ﬁ'loﬁgj The 2 middle rows

made - .up’ the experimental rows from which samples were‘

obtained for biomass, NPK and yield determinations (flgure

tion for samples and a 2m section for harvest data: ‘The

i

sections were separated from one another and .from the inter-~

block paths by 1m borders. The maize sample consisted of 2

sub-samples of 0.5m, obtained "at random, one from each

experimental row. Likewise, the cane samples consisted of 2-

v
[ )

sub-samples ¢f 0.5m, one from each row.

Sugar cane variety, Triton was ‘planted on April 1, 1983

‘and harvested on August 23, 1984 after' 71 "weeks. Maize

variety, U-R14 was sown on April € 6,1983 and harvested on

July 22, 1983 (after 16 weeks.

Maize and céne samples were- cut at "3 wezek 1ntervals The

plant mater@al was dried in an oven at 70 ° C for 48 hours
. \

N

L

v

. 3). The experiﬁental rows consisted of 2 parts, a: Sm sec-



Figure 3

"The role of nutrients in the intercropping

-

v

border rows in trial-number.4.-

sugar cane with maize.

\

: Diagram showing the arrangement of experimégntal and

r

of plant

Two c¢entral cane and 2 cent—‘ra.g_' ..'mai'_z3é~ rows were
L S e T ‘

e

harvested.

1

v
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e . .
-

and weighed to give the above-ground b;omaés. The dry mass s
Co ~1 N
A - A
was then shredded in‘a coarse millt_and a sample was pulvarﬁﬂ?‘ "
"'ized in a fine mill. NPK were determined by stan@ard proce-

dures. o ' . ‘ o e

The trial was sprinklér irrigated régu;arly~;until the

‘ . S

25th week. Because of drought in. the country no water was
A

available for irrigation. Insan. attenmpt to save the crop,

‘surface irrigation was provided irregularly as from the 32th .

e ;
L e

week. . N O

. L e

e
e

2.3.4. Trial No. 5: Role of water -

a—

.. _ o
A 3x3 factorial experiment was laid out at Belle Vue in

the sub-humid zone to study the role of. water in inter-

-
-

croppfﬁg of plant'sugér cane with maize. There were 3 lev-

els of 2 factors:

“FactqrgA: Water regime -
4 Al: No irrigaticn ' _ T

A2r:Mild water stress -
E Bl “, ! . \-/ , \."
A3: No water stress '

Factor B: Cropping pattern

Bl{ Sole suga;:cane in 1.6m rows

BZ2: Sole maize in lféﬁhrows. e, TR
;gﬁbedﬁwith maize; with one

row of maize planted in.every i;terrqwﬂiﬁ

" B3: Cane intéré

of cane in l.6m rows. IR

/ . St
- m

{
» |
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LY +
- ra 0,.'-\: b
Pt Yy e AT

o - 9*&“— The p;ots wére arrangmﬁ in & sp11u~plot devlgn w1th T

B replicates. Water regimes were on main plotf and cropring
pattern on sub -plots, .1Cane and malzq.soie crop plots éon-
51sted of 6 rois 14m‘long g The miadle 3 rows constituted

e - < ;

‘bhe experlmental rows from whlch data were recorded and sam-

ples taken (flgure 4). L : .

-

"Land preparatlon and culturaL practlces were as descxlbed

ﬂu‘ﬂin section 2'2 "Cane variety, 517 .was planted on March

Cr,

27, 1984 and harvested on’ July 5, 1985§§£ter 65 weeks. Maize

ey -

Lok S —

e varrety U R14 was sown on March 30,1984 and harvested at 16

e .+ .weeks gn July 16, 1984, ) hk .

After planting, t e trial was sprink&er-irrigatéd twice

Tat 4 day intervals 1h\grder’to promote dgermination. Then,
.. : \ i =

. . . N N T
the water-.regimes were. applied.

~ " R e’

A drip-irrigation system was used To irrigate treatments

. -

.....

=imiae T oo nz and A3 —-Drloper llhas were Dlaced at 0.8m 1ntervalc on
:f:_ . the 5011 surface and distributed water equally to the cane
- 'and}mad;gangs. In the soke“crop plots, there were there-:

fore drdppér lines also in the middie~of the interrows. In
) 'ff "the intefdfbbped plo%s, there Qas one dripper line for each
cropwréw.- --?T 5

The amount of gftér to be applied was estimated. by a’
 mefhod addpted from Doorenbos and Pruitt (1977). It con-
- ~ sisted of the followlng steps:

= . . ] i 1 . . .
S a.Calculation o©¢f a reference crop evapotranspiration

an ETo' from climatic data by means of the modified Penman's



Figure 4 Diagrém_. shqw-i'nrg‘ the arrangement of e){perime'r'l"tal and

border rows in trial number 5.

at -

The role of water :Ln _the'lip.tercro'pping of
sugar cane wit]’f"m‘aiée'. Neutr_on'prtobe access
were pléééd at 0.4 m~from ‘the,ca”ne' and maize
Cane rows number 3,4 ah.d--S ;vere experimental
two central maize, r'o‘ws were harvested.

o
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equation_ which relates daily evapotranspiration; ETo to

temperature, net radiation, wind speed and vapour pressure. .’

ubf the ambient air. At Belle Vue, daily ETo values were

computed autodmatically from climatic data obtained from
meteorological instruments located on-:the site itself.
b.The crop, evapotranspiration ETc was obtained by mul-

[y
tiplying ETo/by a crop factor, K¢ that depended on the stage

of devé&opment;f~particQz§kly' of the ground éoyer, of the

crop. For maize, Kc'varies.roughly from 0.3 for the initial

¢

. . . Voo
3 weeks to 1.2 at mid-season. For sugar cane, Kc increasés

from 0.5 for the first 7 weeks to 1.2 at full canopy and

b

decreases to 0;6'during the final ripening stage (Doorenbos,

r

and Pruitt, 1977)

.

c.The amount of water to be applied per déy was esti-

mated by keeping a bilance sheet. At the end of'eachuﬁeék,

the daily ETq's.fpr the week were added. From the total,
- . “"\ , -

were deducted ,the balance of the previoqs week 'if any, the

amount of water given during the week, aﬁd the effective

4

rainfall. Effective rainfall was estimated as the” actual

- .
e ¥

‘amount of rainfall in each shower minus 2mm in .each case;

-y

this was to take intc account the fact that rainfall of 2mm

or less wets the leaves and does not reaCh.the s0il.. The

- weekly balance was divided by 6 to obtain the amount of

water to be apﬁlied per day in the next week, since irriga-

tion was givgn daily exéépf on Sundays.

S
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In the no stress"'-regime (a3), the amount of water .. .

-~

applled was meant to cover  all of the calculated reguire-

]

ments of the . crops In the mlld-stress regime (AZ), only

part of thé crops rethrements was’ given; this proportien of
N ;>

the crops requirements-given as irrigatioh varied with the

crops and w1th tlme (Appendlx Vlhﬁ 'Because of relatively..

)

'good ralnfall during the first part of the season, very lit-

-,

tle water was in fact glven in AZ“(table 4). For the first

part of the season, the A2 reqlme was therefore rather simi-

lar to the ‘Al regime (rainfed). Ln order to increase' the_

dlffeﬂeﬂce between the two reglmes and also because of prac<

tical |[difficulties encountered in controlling 1rr1qatlon 1n

the field, ‘the A2 regime was changed to A3 after maize har-
vest. -

Camne tlller numbers were recorded from the 3m portlons

reserved for harvest in the 3 mlddle rows (flgure 4 ). Cane
- ? .o D

blomass waS'estlmated at 1ntervals durlng growth from sam-

ples removed from the 3.middle rows Each'samble consisted

- - : [

of two l.-m _sub-samples (3.2 m?) taken at random from 1z sam-

pllng p01nts ~ Biomass was transformed to the natural loga-

rlthm before analy51s N
. >

During growth, the development of internal water stress

"in the cane plant wasfestimated-from spindle elongation, a

sensitive “indicator of water. $tress (Imam-Bamber, Ferscnal

" Lol

-Communicatilus,1§84). . Ten tillers having spindies of about

. .‘ a N - . "
5 to 10 cm were chosen from the experiﬁental row. The till=

ers were tagged and the

>

F



1 '4'3 -,
w . 86
S .
Table 4: Actu amounts of water received by sole and mixed
.. CTOp! ‘three water: regimes at Belle Vue during .
* r 7 thdé F¥st 18 weeks. R
- : ~ -
Amount of water (mm)
Week |Rain-|Al:-Rainfed |A2: Mild Water A3: No -
~ . |fall | o Stress o Water Stress | %
S ' A - :
- Irriga- .{Irriga~ 7 |irriga-| ¢ '
T tion Total]tion " |Total- tion . |Total
v ;.
j1-2 |37 40+ 77 40 (& 40 ke
-4 (51 [= 51 - 51 - Is1,
- . - 3 \ S
5-8 - |29 - 29 B 34 41 70 .
|7~ |20 |- _|a20. |10 |30 59 79 .
N i L - -
~|o-10 |48 - a8 o|e sz 39 ‘87,
11-1212 |- |12 - B ET- S 19 . {81 .
13-14(38 |- ' |38 10 48 29 65
15-16[22 |- 22 |18 38 . |23 45
Total 295 R I 7T R 605 ‘

* Applied at gLa rate of 20 mm at planting and ‘4 days latar
in order to promote orop germination

o

ﬁ . -
T,
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method previously described (section 2.3.2).

!.'V . t:~.87.
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hgight of the tip of the spindles from ground level was

A
recorded on the morning. of day one and again on day three.

The average spindle elongation per day was computed as half

e P
of the difference between the 2 rea in&s.'

2bepletion of water in the root zone was estimated by neu-
tron probing. Two access tube>yere installed in each plot
.An 3 replicates. xIbe’tubes were Jlocated at 40cm from a cane

or maizé row (fiqd;e.4)f Neutron counts were recorded for 3

' idepths: 20, 35 and 50 cm. Water content-"'was obtained from

o

the éalibration‘of' neutron c¢ounts against soil watef_con-
tent. After maize harvest, root:ends were colnted by the
LY 1.
I e

-

2.3.5  Trial No.*6 : Role of light.

The trial to measure the extent to which maize shades

cane was laid down at Reduit in the humid irrigated zone.

Three maize densities* ware planted in order to vary the

extent‘of shadinéﬁ There were 4 treatments in ﬁhe trial;

»

th%y were arranged in é raridomized com%lete'block design and

replicated 6 times. The treatments were: '
1.Sole cane.at 1.6m;

.2.Cane intéﬁcrdpped.with maize at a density of 15,625

plants per hectare achieved by planting one row of maize in

‘alternate came.  interrows;

|

3.Cane intercroppedjwith maifé“ap a density of 31,250

_ = S ' -
plants per hectare achieved by planting one row of maize in

every cane interrow,.

-

b

T
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4.Cane 1ntercropped with maize at a density of 62,30C

plants ‘per ‘hectare obtained by planting two.rows of maize in

every cane interrow. ) . . i

.

’

Cane* variety, Triton was planted dh April }1, 1885 and‘
will-be harvested in August 1986. Maize variety, U-R14 was
planted on April 12, 1985 and harvested on August 15, 1955!

Blantin;.ﬁtechniques and cultural practices were ' as e
described in section 2.2.

Plots con51sted of 7 cane rows 8 mllong (89.6 m*). Each
plot was sub d1v1ded ‘into 2 to give 2 subplots 4 m long, one
for sampllng and cne for dataﬁrecordlng and harvest. -

Solar radiation in the crops was’ measured by means of

dem long tube solarimeter (Delta -T DeV1ces Ltd. Cambrldge

b4

England), accordlng to the method descrlbed by Szeicz st a2
(f964). The tubes measure average 1rrad1ance {rate at which
solar energy is received by unit area cf a horizontal sur-

face) in situations where the dlstrlbutlon of radiant energy

. is not'uniform. A copper -constantan thermoplle under black

and whlte palnted areas. measures the’ temperature dlfference
caused by &the incident enérgy ”‘lux. The _difference 1s

recorded as an electrlc potentlal '~ The tubes were calibrat--

ed to give an output of 15 mllllVOlt per Kilowatt per. square

.metre {15mv per kKWm=-2) . The thermopile 1is enclosed in a R

pyrex glass tube wh;ch llmlts the .response to v151ble ‘and

1nfra red radlatlon in the waveband 350-~2500 nm. Outputs

from tubes within the crop were therefore always referenced

-

4
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to that of a tube above the crop in order to“get the propor-

tion of radiaticn transmitted intc the crop (per centatrahs—
. ‘ £3

“Tlsﬁgon). ~,

In treatments 1,3, and 4, two tubes were used per plot.

4

They were mounted horizontally with the help of the levely
iing platform present at the ‘end of each tube. One tube was

placed at the bottom of the canopy on a ruler resting on the

o

soil surface, and the second tube was mounted on top of the
B A 1 :
cane canopy on the arms of thin iron stands (figure 5). In

»

“treatment 2, there were ¢ tubes. per plot, two at the bottom

and % at the top, one of each in 2 adjacent cane rows. The
\tubes were placed diagonally acrﬁss the 20-cm wide rgﬂs'and
were all parallel to one another;and to the tube Sn top of
the canopyrpf the sole'cane which sefvad as the refergnce.
_@n day 1, the tubes~wére placed in .the plots. Thé milli-

-

volt recorders we;é‘sef to zero at O9hOO. The next day (glay

h

2), the cumulative readings were taken at 0%h00, after 24

hours. The tubes were left in place while the maize plants
were cut at ground level. The integrators were re-set to
Zerc. Readings were taken again after 24 hours on day 3.

" :
All readings were expressed as per cent of the control.

-

This gives the per cent transmission at each sampling peint

i.e. bottom or top of canopy from which were computed a mean

r

for the 2 pdints for a given time and a cumulative mean over

time. \

!



Figu're 5 : Placement of tube solarimeters in trial number 6.
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" C

The role of 1light in  the interc}dpping of plant-

sugar cane with maize. Maize plants have been

ey -

removed. Solarimeter on the left was on the soil

" surface; the one on the right was supported by a

- stand and was Yocated at the top of the cane

canopy. Both ‘tubes were placed diagonally across’

the cane rows and were parallel.
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2.3.6 Trials 7 & 8 : Effect of time of planting maize~=" - . .- . “up
: . ) . - '."‘-"'P’ T' rx‘u
The trial to investigate rtemporal %ffeets€infintercroﬁ— .
g . SE v

el \"{m,_ ) Thee AN
ping of plant sugar cane and maize was first laid down at’

Bambous in the sub-humid irrigated éaﬁéﬁand then repeated at

Reduit in the humid irrigétedﬂzone.

There were 3 c¢ropping patterns: . =

1.Sole cane at 1.6 m; : o L 7

2.Sole maize at 1.6 m (at Bambous); cr.-at 0.8 ":n;-i;_-—.,(‘a%;'ﬂ 'éti
Reduit); . e

.3.Cane intercropped with maize; cne row of maize was
grown in every interrow of cane. |

Sugar cane variety Tritdﬁlwas"blanted at Bambous on‘Apﬁif.

26, 1983 and harvested on 2§1Auggst 1984 after 69 months. -

The same variety was plantéd af_Redﬁit on July 27,1984 and
harvested on August 17, 1985 afte¥ 55-weeks. Maize variety

. U=R1l4 was sown at different dates and these constituted the

- -

treatments. Time.of planting was 8 weeks and 4 weeks before
cane, at the same time as cane, 4 weeks and 8 weeks after ~"\

cane. , ' o ~
oL ) ' ) A -~ -
Planting techniques and cultural practices for cane -and .

for maize were as described earlier in_section 2.2. The
trials were irrigated, but at Bambous, irrigation was

stopped as from the 20th week because . of lack of ‘water.
: - el PR
Irrigation was resumed on an irregular basis as from the

34th week. R
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2.3.7 Trials 9,10,11, & 12: Effect of Maize density and plar'\tin-g
pattern oﬁ‘plant sugar cane- * |
There were 4 trials, tﬁo in the first season (March plan-
tation) at Reduigwand Bambous, and two in the.éécond seaéon

(August plantation) at Union Park and Pamplemouéses. The

%:eatments were:
1.S5cleCane 1in rows 1l.6m apart;

N : "‘4“"
2.Cane as in 1; one row of maize in alternate interrows

—
-~

of cane giving a maize density of 20,800 plants per hectare

—

'(33% of density of sole maize) '

3.Cane as in 1;#on§ fbgfaf'ﬁaiie in every cane interrow

giﬁing_a Maize dquigiléf %i,6OO plants'per hectare (67% of
‘ FR “

b - 4.50le cané;in fﬁws_a%berﬁ%ﬁ;i§;2.25 and 0:95 m apart;

Vo e e e '

5.Cane as in 4; one row of maiz& in the wide dinterrows

o

of cane, giving a majize densit? of 20,800 plants per hec-

#

Earé. (33% of density of sole maizegq as in 2)

6.Cane as in 4; two rows of maize in the wide integrows
of cané“glvingna maize density of 41, 600 plants per hec-
tare. (677 of density of sole maize, as in 39,

7.Cané.as'in 4: three rows of:'rmaize i?;tée Riée inter-

rows;9f"cane giving a maizeiaensitydgfnﬁz,soo plants per
hectare (gensity equal to that of sole maize).

~ e
1 - NP

8 Sole maize planted at a distanéé of .0.2m within rows

spaced at 0.8m to giﬁe a plant density of 62,500 plénﬁé per

hectare. LT - .
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“ 'Cane and maize plantlng technlques andﬂcultural operat*ons

were ag- described previously

o Cene and maize planting féchniqu&s. and cultural practices

A

were as; descrlbed in sgctlon 2.

v

o

s

-
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in section

_ practices are summarized in table 5.
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e -ly ratoon sugar cane
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Trials 13 14 15 :Effect of mauze densaty and planting patter'n

The three trlals were in the second ‘season (August 1:>lan~-"f -

Sole Maize
o N . v -
per hectare. - . ' Q&" i

> . -

. l'r".' s ey
ods are given in Table 6.
) LT ' v
. - - i
N R -
. ,
'.4\k -

AL

T

in O 8m rows*at den51tv of 62 500 plants

Further detalls of meth--

tatlon)*and were planted at, Belle Rmve and Union Park 1nw ' |
first ratoon Sugar cfne .and et: Pamplemousses in second
ratoon sugaf,cane._ The'treatnenteﬂnere identical tofthcee*‘ i
in \Fials 9-12 (seEtiBnﬁzﬁg;j)ﬂ.vié_ | . 7:: i, e
1. S6le Cane at.1. 6m-“$'i‘ T i;l‘,,' \.;3 7 in &
2. Cane as in 1 + Maize at den51ty of 20,800 plente per
hectare (33/) e m%;““-'“ . -
3. ’ Cane as in 1 + Maize at'densrty of 41,600 planteppeg‘ L
) hectare(67/) h ﬁ;: ;4 - F:.”%»- -
4. Sole Cane at 2.25/0.95 m. | ; - .'
5. ﬁﬁCane as in 4 + Maize at. density of120,800 plants pex -
o . T - e T
’ hectare(BB%); T lJ;U ' R
6. 'c;ﬁ; as~in’4 + Malze at aensity of'él,GOO plants per
hectare(67%):""c_‘;“ o . ) ﬁ_? :l. . =y
7. “Cane aétiﬁ'ﬁ + Malze:at densitg,cgéez,soo plents;éefé |
Hectare(100) . H e S ST
g. o .

R

e
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.Table.S5: Detalls of practices folldowed in 4 trials on the effect of
. planting pattern on plant sugar cane.
Trial No. . Trial No.9  |Trial No.10 Trial No.11 Trial No.12
Site ’ S Reduit Bambous Union Park "| Pamplemoussca
Climatic zone Humid Sub-humid" Super-humid Humid
r Lrrigated” irrigated - frrigated
Cane variety ' - M 13/56 M 13/56 M 574/62 M 13/56
Maize- variety - U-R14 - U-R14 U-R14 U- Rl}/\‘ u
| Date of planting: - e o . N
Cane ’ -|Mar 27,1981 Mar 22,1982 Aug 26,1981 Aug. 20,1981
Maize A " ‘ Mar 27,1981 Mar 25,1982 Aug 27,1987 Aug. 21,1981
Date'of h:mrcal.._ - . . :
Cane . Tuly 16,1982 July 18,1983 Dec 12,1982 Nov 24,1982
Maize ) July 13,1981 July 8, 1982 Dec 29,1981 Dec 12,1981
Total plot sizé (m2) ¢ | 7x8-56 16x6m96 9.6x6=57.6 9.6x6=576
. Expcrunental plot size (m2) '3.3x7=22.4 JL2x5=16 1.2x5=16 13.2:5-16
-\ Desiga- T |reBp RCBD - RCBD - RCBD
", [Ne. of replicates 77 .-, 4 ) 3 4 4 ,
Cape fcruhmuo? -
.“ ; N(kg ha™) | 145 145 145 145
S Pa0 (kgha ) - 220 - 335 225 335
Kzofkgha ¥ 210 220 -+ 1180 220
Sole, Mafze rerulizauon. L - ! - R
3 N(kglm 115+85" 1154-;85 115485 100-|-l 8O
Odkgha)) .~ . ..o 1115 115 ® 115 100
1{22 kg.ha™) T '180 180 .1180 160
‘ -Irrignlion . ‘25 mm/week 35 mm/week Nii 45 mm/week
P
T T
- . .
s Tl R ,‘ ', ‘



Detalls of tTials on the effect of
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- Table 6: Det malze

...-and planting pattern on ratoon sugar cane at 3 sites..

- ITrial Ne. |Trial ¥o.13 {'Trial No.14 |Trial No.15
Site : Belle Rive |Union Park Pamplémousaes |-
Climatic Zone Super humid |{Super-humid |Humid

. : oy irrigated
c Ly . L
_|cane variety M 5ngyel M574/62 M 13/56
Malze varlety . U-R14 - 4{U-R14 U-R14
Wy - > :
ot L] . *
Date.of harvest: .
previoue cane. AGE 4,1983 Aug 19 1983_ Aug. 24,1983
Date of planting : ; , ' ‘
maize. Aug 8,1983 \Sept 2,1983 Sept. 6,1983-
Date of harvest:. - ST . N
experimental cane |(Aug 22,1984 Aug 28,1984 ‘Aug 21,1984
|Date of harvest: . _ o T
maize. ,jDec 29,1883. \Dec 30,1883 [Dec 27,1983
- <
Tota& plot size . ) ’ h
57.8 57.86 57.8
Experimegtal plot ‘ o :
size (m*) 18.2 . |189.2 18
- Design ‘ RCBD " |RCBD RCBD
No. of replicates|4 . 4 4 -
Caré fertilization
N(kg ha”) . 120 |88 120
(kg.ha™") 55 - 40 55
| Kzo?kg ha_;) 175 ... 125 178
Sole maize - >
’rertilizatioﬁ? . : :
N(kg ha™ 1 100+180 “190+128 - 100+150
(kg. ha.1 1100 80 100
Kgo?kg ha~*) 160° 140 160
Irrigétiop, Nil N1l 45 mh/wesék

density'”:i



‘Chapterllt
T © RESULTS

e

X 3.1 Competitive -relations

-
~ -

, 3.1.1 Maize respenses -

A.'

, . In the two replacement series trlals '(trials no 1 & 2)

- the flrst maize crop gave hlgher ylelds than expected on the"

basis of sewnmpropogt1ons.‘ Above-ground blomass and gralﬁ

il

//_yield per plant were higher in the mixtures than in the sole

crops, thevdiffe:e:hes being: slgnlflcant at the 5 per cent:

Belle Rive ‘]table 8). | Between the - mixtures themselves
Y

_“there were ‘no significant differences in yleld per plant

rAt both 51tes, the harvest 1ndex&pf the inte
- ™~

was not significantly different from that o

In contrast to the obseYrvations ofr - the éirst maize crop,’

e

the vyields of the second maize crop were, with one excep-
o

tion, lower than expected on the basis of sown proportions.

L

- 4. (tables 9 anhd 10). The'exception was the 2T1 maize:cane

“ . . mixture --at Belle Rive whose ‘actual yield was equal to the

expected vield (table 10).,

In both trials, the thlrd'ﬁa;ze crop was deemed a failure

tin the. mixtures - because vyields were excepticnally low

A

(tdbies 9 and 10).™

. level at Batnoous (table 7 ) and at the 10 per cent level at

opped maize:

the sole maize.

.(f\
x
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Tablg 7:' Reéponse .0f. the first maize crop to 1ntercr0ppihg
- "with plant sugar cane in & replacement series
- trial at Bambpous. L .
Treatment Above~ground Gréin yield at Harvest
T - blomass 12% m.c. index
. t.ha"1 g.plént'l' t.haﬁ;.‘_g.plant_l %
.t "»'{,‘
- -|180le . 112.20 S - - :
. maize (100)« ., |205(100) 6.64(100)|111(100) ['47.9
» |2/3 Malze ) R
+1/3cane [8.84(73) [223(109) ~|6.068(v6) |126(113)| 50.2
1172 Madze|- . R =
g +1/2cene |[7.76(64) -[260(127)  |4.24(64) |142(127)| 48.8
1 :1A&‘!Maize S _._._- . . N .
Y +2/3cane [5.10(22) -|245(120) [2.71(41) [131(117)| 46.8
ot . - h“ B i
c.v.(%) [10.2 _ [1l.5. 9.5 9.6 10.9
S.E. |o.40 =« }6._6 . 0.21 8.2 ., | 2.6,
X L.S.D. - ' T
(p=0.08) [1.19 |40 0.61 18 7.8

- “yr . + . - e i
Figures in brackets are responses as per cent of sole malze

-

FL
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Table 8: Response of the fifstwmaize crop to 1lntercropping
. with plant sugar cane in & replacement saries
xtrial at Belle Rive.
Treatment‘\\Above—ground B ' Grain yileld at Harvest
biomass ] 12%. m.c. ~+{ index

T

t.ha"1 g.plant_l-t.ha_l g.plaﬁt;l %

Sole S '
maize - s}EérTBB)\lae(loo) 2.41(100) |54.5(100) |35.6

4

2/3 Haizé - L 1 .
+ 173cane|4.56(77) 108) |2.00(83) [84.3(118)|38.7

1/2 Maize . : »

* 1/2cane|3.55(60) [153(118). [1.42(59) |61.5(113)(35.3
1/3 Maize . ’
+°2/3cane|2.33(39) |153(113) |0.91(38) |59.9(110)|34.8

c.v.(%) |9.6 . 9.2 13.8.: ., |12.8  -[10.9 .,
“lsiE: 0.19  |e.s 0.11 3.9 "12.0
A
L.S.D. - v ,
(P=0.05) |0.54 20 0.32 11.2 5.8

“Figuréé in brackets are responses as per cent. of sole malze
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" Table 9: Yield of' 3 successlve ', malze intercrops in a
- : replacement series trial with plant sugar cane at

: : Bambous. v :

Treatment Grain -yleld at 12% m.c. (t.ha™l)

+ . 1st Crop |2nd Crop |3rd Crop Total - o
[} = = - <
Sole - : . .
mgize 6.64(100) 8171(100) 6.79(109) -. 20.14(100)
D ' ) ‘ ' " }
. . _ |
L 8/3 Malze ‘ I ~
- " - |+ 1/Bcane|5.05(76)-{3.36(50) |1.49(22) 9.89(49)

- . .. ’ -

.« . 11/2 Mailze

+ 1/Rcanel4.24(64) |0.88(13) |0.49(7) 5.61(28)

1/3 Maize | | o
+'2/3cane|2.71(41) .{1.06(16) |0.10(2), 3.87(19)
C.v.(%) - |9.5 - |23.5 26.9 | 12.0

' ' >

$:E. ' |o.21 - |o0.35  |0:30 0.59

L.S.D. j : - 1 : -
1(P=0.05) |0.81 1.13 0.98 1.90 -

Figures in brackets are responses &8 per cent 'of each sole
maize crop ylelda. ° &

Yo ‘ ':7"3- , . -
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TabieilO: Yield of & successive maize intercrops 1n a
- replacement series with plant sugar cane at Belle
Rive. C o P
Treatment Grain Yield at 12% m.c. (t.ha™?)
1st Crop |2nd Crop |3rd Crop Total
- |sole o - ‘ '
malze 2.41(100) 4.32(100)(5.08(100) 11.81(100)
2/3 maize
|* 1/3cane|2.00(83) |2.84(88) |1.45(29) 6.28(53)
1/2 maize’ : i
+ 1/2cane|1.42(59) 1385(43) 0.85(17) 4.13(35)
“.|1/% maize _ - -
+ 2/3cane|0791(38) }1.11(26) |0.54(11) 2.56(22)
C:V.(%) 13.6 11F5 21.0 9.4
S.E. 0.11 0.14 0.21 0.29 )
‘|lu.s.D. Cl 1. N
1(P=0.05) {0.32 0.486 ‘lo.66 - 0.94

Figures in brackets are responses &8 per

maize crop

yield. ‘..

cent of each:sole

»
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- Intercropping with cane had, therefoge, difrferent effects

on the three successive malze crops; relative maize yields

-

decllned with _each successive cropplng pattern.

The overall response of maize over the entire plant cane

- crop- cycle was given-By the sum of the yields of the 3 maize

crops.. In both trials, the intergropped maize under-yielded
in all 3 mixtures. .For instance, at Bambous where under-

yielding was more pronounced, the overall maize yields in
. s » ’ .

the 1: 1 and l:Z‘malze:cane mlxtures were respectively 56 and
i .4
58 per cent of the ylelds expected on the basis of SoOWn pro-

' i
By - . T i

portlons (table 9) AL S

Thus, the maize was found to over-yield or under-yieid,

- "

depending on the numbef'gf maize crops under consideration.

*When Only the Tfirst malze crop was- considered, it over- -

L
-

-yielded when the response of tne 3 malze crops was con°1d-

-
»

erEd, maize under ylelded

-~
[

3.1.2- ‘Cane responses -

. ~

.. During c&ne growth, the. cane response was assessed from

tiller density. _The.effectwof-ihe first maize crop on Aum-
¢ . )

'.ber of tillers per metre changed with time. Three pheses

were recogmized at Belle ‘Rive and twq at Bambous where

counting started too late to observe the first. " In the

first phase which lasted to the’ 16th: wkek 'at Beélle Rive

’

" there -were significantly (F=0.05) less tillers per square

1

-

metre in'the intercropped cane than in the sole cane (flgure

6), but there were no dlfferences in number of tlllers per
. \ ,

]
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metre, indicating an effect of cane density but not of
intercropping. In the second phase which lasted to the 27th

week at Belle Rive and to thehZSFd week at. Bambous (figure

¢

7). thé intercropped cane had fewer tillers per squage metre
as well as per metre, indicating effects of cane deneity as”

well as of intercropping. At Belle Rive, the proportion of

»

maize in the mixture had little effect on tﬁe number of

tillers per metre but at Bambous, nimber of tillers per

metre decreased as maize den51ty was 1ncreased. In the

third and final phase, compared to the sole cane;-the inter-

cropped cane'hag more tillers per metre but fewer tillers
per sguare metre, lndlcatlng that the increase associated

with lntercropplng was not adequate to compensate for the

’ .

reduction in cane density.

In the two trials, there was little difference in the
effects on number of tillers ber metre of intercropping with
one’ compared te three malze croos indroating Ehat the sec-
ond and thlrd maize crops had llttle effect on tlllerlnq

Tpe existence of the above mentloned 3 phases indicate

that,_oh the basis of number of tillers-per metred the com-

petitive abllltv of cane changed with time. At first,-tﬁe

¥ -

+
‘cane was as competitive as-the maize; then; it was less com-

petitive than the maize; and finally, it became more compet-

itive than the maize. y
At :harvest, the competitive ability of cane was assessed

BN

‘from- sugar yield and.its components. At both sites, the
foo ’

’
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Figure 7 : Tillering of sole. and in'tercr'opped,pla;t sugar cane .in a

replacement series trial at Bambous..

Top : tillers per Square metre (1 maize crop)
Center : tillers per metre (1 maig'@ crop)

. a
. .

Bottom : tillers per metre ( 3 sequehtial-m@.'ize

iy "
Saa ":.:.l. ~
crops)
> £

T+ : sole cane T

X: 2/3 cane + 1/3 maize . o oo, ‘ i

E] 1/2 -cane + 1/2 maize

e RN N - featl
. R

A 1/3 cane + 2/3 maize.

- Vertical bars are LSD (P=0.05).
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respense to treatment.-of “the three yield functions, cane
i A - -
. v . . . "
[

above-ground Hiomass, cane stalk yield and sugar yield, were

guite similié?%"In‘geperal,'cahe yield decreased slightly

- 4

DRPUR

as the number of intércropped maize crops increased. (téblés.\

11 and 12). At ‘Bambous, cane over*yielded in most mixtures,
particu
I : v .
whether yield per metre was measured as above-ground biom-
. Ly . & . “ .
-

—-

g . - _
vield per metre-to dincrease as the proBcrfion of cane in the

mixture decreased {table ll)L At ‘Belle Rive, on the other
i~ )

hand, cane over-yieglded in the 1:1 and 1:2 cane:maize mix-

tures only (table 12). ¢~

At both sites, there was little difference in the sucrose

‘content and in theﬁunitzgta;g»weight of cane in the various
mixtures (tables_ 13 . and 14), showing that the.response of

—,

these two yield componénts could nét account for the differ-
, . )
enceés' in sugar yields. On the other hand, “there were sig-

"

nificant differences’ (P=0.05) in -the number of millable

-

canes. THe fesponse of millable cane paralleled that of

yield. At Bambous, for instance, with one maize crop, the

number of millable, canes per metre increased as the propor-

ﬁ tion of cane in the mixture decreased. (table 11).

Thus, on the basis of éuga: yield the cane was more com-
petiti&e than_the,méiie in the 6 mixtures at Bambous where
the competitive ,ability.of cane incgreased as the proportion

e

of cane in the mixture decreased. “At Belle Rive, on the

-

larly thoée'with!gnly-one,méize crop,'teqardless*oﬁ?ﬁﬁ%wﬂ.

M

T

i

HACE
AL

ﬁf‘qss, stalk-yield or Shéar vield. Thezdeneral trend was for -

P

-

ot L



~t

L
SV
M -
bty
.
PRV )
BT * aapadr
- ~
> -
-~
™
.
R
-
Y -
YT,
-yt
re

-
Ea

~+Table 11: Yleld -~ and yield componentg * per metre of
" < .t intercropped plant sugar cane in

106

& replacement

o series trial:at Bambous. v
IR ‘ Cane Millable Cane stalk Sugar
Wt Tréatment . v biomass cane.. yield yield
B - : 1 U
= . ) -
‘ (kg m™)" - (m™1) (kg m™1) (kg m'1)
’ Sole cane N\ 17.66(100) 18.7(100)  [22.7(100) 2.10(100)
" 7| 2/3 canc+1/3 maize(1 drop) 7.89(103)  |17.80(95) 23.9(105) 2.45(317)
2/3 cane+1/3 maize(3 crops) . - |8.10(106) ° 18.78(100) 24.8(109) 2.45(117)
LMesi L o11/2 cane+1/2 maize(1 crop) 10.03(131) 20.55(110) 30.6(135) 2.92(139)
“e |82 cang+1/2 maize(3 crops) - 8.82(115) 18,35(98) 26.6(117) 2.69(128)
: . e .-
. |1/3.cane+2/3 maize(1 crop) 10.45(136) 23.90{(128) 32.5(143) 3.31(159)
1/3 cane+2/3 maize{3’ crops) 8.77(115) 22.30{119) 25.9(114) 2.78(133)
Colevawm T o - 13.9 JEX 15.4 139
e [BE LT 0.61 0.95 2.1° 0.19
LSD (P=0.05) 1.82 ° 2.83 6.1 0.55
o LT PR
Figures in brackets are Tesponses expressed 23 per cent of sole cane.

wr
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lable.12: Yield and “’yields"componenté\‘ Per metre of
intercropped plant sugar cane 'Lln a replacement

g\reries trial at Belle Rive.

Ry

" Treatifient Cane Millable Cane Stalk Sugar
biomass cane yield yield
) (kg m™) (1) (kg m™) (kg 1)
Sole cane o 4.56(100) 10.90(100)  [11.8(100) 1.29(100)
2/3 cane+1/3 maize(1 crop) 415(92) 11.42(105)  [11.3(96) 1.17(91)
2/3 cane+1/3 maize(3 crops) 4.11(90) 1.35(104) ¥ 111.0(93) 1.13{88)
1/2 cane+1/2 maize{1 crop) 5.55(122) 13.10(120) 14.9(126) 1.55(120) ¢
1/2 cane+1/2 maize(3 crops) 4.44(97) 12.30(113) 11.8(100) 1.20{93) .
-, £y .:\ .
1/3:cahe+2/3 maize{1 crop)” 52:116) | 12.95(119) 14.3(121) 1.46(113)
1/3 cane+2/3 maize(3 crops) {5.13(113) 12.35(113) 13.4(114) 1.36(105)
C.VA%) T170 9.4 19.1 18.7
S.E. 0.40 0.57 1.2 0.12
LSD (P~0.05) 1.20 1.68 3.6 0.36

-

Figures in brackets are Tesponses
cane. -

expressed as per cent of gmole’

AL}

-
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otherihan@, the cane was more_.competitive than the maize ¥1n

+

only two of the & mixzures.

]

At both.-sites, the increases in sugar vyield per metre
wére not enough to compensate for the reduction in cane den-
§ity (fables 13 and 14). Hence, sugarhyields per hectare of

even the 2:1 cane:maize mixtures, were much less than that

w.. . of the sole cane.

'73.1.3 Joint responses
The joint responses of the two crops have been examined,
) t )

first through bivariate anélysisf‘of variance and thern,

through the use of seVeral indices.

“

Egjariéte an;lysis of variance‘reveai;aAfhat the residual
corféiatigps'Eétween %ugar and maize yieldg of the mixtures
were -0.42 at Bambous and -0.09 at Belle Rive, indicating
”fhat the baékgroand relétionship between the yiglds of sugar
and of maize was négliqible at Belle Rive butwnot at bam-
bous. After the treatment comparisons had‘béen adjusted for

-

'ﬂthe background relationships, :t was observed that at the

¢
»

two’ sites treatmeﬁ@leffech Weré more pr%dém}nant cn malze
vields (figufé“é). | .
Indices of competition and'of'yield deantage have been
Calquiéted for three hypéthetical situatiéns defined as:
1. Only one Eaize_crop is gro&n in association with cane,
and only one maize crop can bé grown és a sole crop
[ t ' '

over the entire plant cane c¢rop cycle.

1 wr

+ "~ R
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Table 13: Yield ﬁér hectare :and yield components of

. "~ intercropped plant sugar in a replaoemenﬁ'seriesﬂ
: — trial at Bambous. : -

Treatment . Unit Stalk Suofose : Sugar
. ’ Welght Content - Yield
- (kg) J (Pol% Cane) (t:ha'l)
_|Sole cane ' 1.53(100) [12.25(100) [13.15(100)

2/3 Cane+1/3 Maize(l ¢)|1.56(118) [13:43(110) 10.2(78)
2/3 Cane+1/3 Maize(3 ¢)|1.51(113) [13.03(106) |10.2(78)

v
.‘*.'.’ -

1/2 Gane+1/2 Maize(l c)|1.60(120)- 12.70(104) [9:53(72)
o 1/2 Cane+1/2 Malze(3 ¢)|1.54(116) |13.23(108) |8.40(64),

S
LA

1/3 Cane+2/3 Malze(l o)|1.50(113) 13.28(108) {6.93(53)
1/3 Cane+2/3 Maize(3 c)|1.46(110) |13.95(114) |5.80(<4)

{c.v.(%) 9.7 . 4:0 [11.8
S.E. <o.|0.07 ~[o.26 Q.54
LSD (P-0.08) - 0.21 " loire: 1.62

I TS RP B

»

Flgures in brackets are responses expressed as per cent of
sole cane. '

(1 a) and"(s ¢) are the sghort form of 1 crop and
3 orops respectively. - oL ‘ : '

ta
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Yield per hectare and yleld componenta of
intercropped plant sugar in & raplacement gerieas trial at

3elle Rive.
Treatment Unit stalk|Sucrose Sugar
welght contept yield
‘ (xg) (Pol% cane)| (t.ha"1)
Sole cane 0.93(100) |14.15(100) |8.05(100)
2/3 Cane+1/3 maize(l ¢)|0.84(91) 13.48(95) 4.89(81)
2/3 Cane+l/3 maize(3 ¢)|0.89(98) 13.48(95) 4,72(59)
1/2 Cane+i/2 maiée(l c) 0.95(103) 13.50(85) 4.83(60)
1/2 Cane+l/2 maiza(3 c) 0.88(95)‘ 13.33(94) 3.75047)
1/3 Cane+2/3 matze(l ¢)|0.91(98) [13.33(94) |3.03(z8) *
1/3 Cane+2/3 maize(d ¢)|0.99(107) |13.33(94) . [2.82(35)
C.V.(%) 12.0 3.4 18.8 -
S.E. 0.08 0.23 0.43
T .
LSD (P=0.05) 0.18 0.68 1.28
_

3

3

Figures in brackets are

ole cane.
(1 ¢) and

>
are

(3 c)

crops respectively.

L

responses expressed as

the short

form of

per cent of

1 crop and

St
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Joint sugar and maize grain vyields of mixtures of plant

sugar cane and maize in replacement series trials at 2 sites. .

ra
I3

The sites were: Belle Rive (tdé) .and 'Bambous
(bott;m). Adjﬁstment for correlations bethen the
yields'of the 2 crops was by means of skewed ‘axes.
Q;rcles‘:rebrésent ‘confidence zohes at P=0.05.
Treétﬁents were: |

2 : 2/3 cane + 1/3 méize {1 crop)

3 : 1/2 cane + 1/2 maize (1 crop)

P

4 : 1/3 cane + 2/3 maize (1 crop)

6 : 2/3 _cane + 1/3 maize (3 crops)

7 : 1/2 cane + 1/2 maize (3 crops)

8 : 1/3 cane + 1/3 maize (3 crops)
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2. Only one maize crop is grown "in association with cane

\t.‘

S \ ’ e '
crops over the plant cane crop cycle.

-t

3. Three majize cyops are grown  seguentially .in associa-
l"'.ﬂ ) . e - ) - : . ]
tion with cane and 3 maize Trops can also be grown as
. N . lI .
’ - — .

‘solqmcrops over the plant cane crop .cycle.

v
.

Two indices were used to determine which of the two com-

-
~

poneht crops was more competitive: the Aggressivity (A} and

the Competitive Ratioc (C.R}). Both . indices show clearly

"(fable 15) that under situations 2 and 3, cane ‘was always

the dominant ,crop but that under situgtion 1, this was not
1ant : U

A}

. always the case. Both indicés were successful in indicating .

that under situation 1, cane was not dominant in the 2:1

.

- .cane:maize mixture at Bambous, and that cane was not

repressed in the 1:1 . cane:maize wmixture at Belle Rive.

Thus, the.indices were consistent with one another.
)

Thfeé indicés of combined*yields were calculated: Rela-

tive Crowding Coefffcient_(RCC}, Area-Time Equivalency*Ratio_

(ATER) and Land Egquivalent Ratio (LER). All three indices

show. clearly (table 16), that under sjtuations 2 and 3,
Tt . - N - N -
there was no yield advantage at Belle Rive with the 2:}
f. o v - ) h'-; -
cane:maife mixture, and that’at‘Bémbous, thé 1:1 cane:maize

mixture gave:the highest yield advantage. " ATER values were

~ -

not calcplatéd for situation 1 beéause with ATER, in effect,
. \

it is assumed that several sole maize crops would be grown.

1 .

over the cane crop cycle whereas one of the conditions of

situation.l is that only one solé maize crop can be grown.

but 3 maize crops can be grown sequentially as sole

~3

ol
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The various analyses “and ,indiges . of combined vyields

.

underlined dne important result, namely that the competitive

abilities of the crops and yield advantages of the mixtures

ﬁepenﬁéd on the situation under considerathxﬁ! As shown 1in
' -

the LER diagtams -yield advantages occurred under . situation 1

. A L
but ‘not situatioh 3, (figures 9 & 10). ,S.
3.2.- Resource use )
3.2.1 Relative importance of above and below-ground interactions ‘as
determined by.soil partitioning. . . ' :
3.2.1.1 Maize responses

.~

At the time of méﬁéé~harvest, the 'soil partitions were
observed to have beern ‘totally effective in keeping the root

systems of .thénwtwo crops separate. No roots had passed

-

through the partitions but a few maize roots had reached the

partitions and had grown parallel to them.

The treatments ha&"no effect on either thé final canopy
height or the harvest index of maize (table 17). However,
the partitidns reduced abova—ground biomaés an&hgrain yield
by approximately 11 per cent inyeach‘qase. The effects of

L

intercropping and also of the interaction between partioning

and intercropping” were not significant on any of the

response variables.
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Table 15: Relative competitive ability of .maize and plant sugar cane in
replacement series mixtures at 2 sites and under 3 hypothcucal situations.

- -

Treatment " Aggressivity Competitive Ratip

" Cane | Maize |  Cane Maize

Situation 1. i

Bambous . :

2/3 Cane+1/3 maize -0.06 0.06 0.95 1.05
1/2 Cane+1/2 maize 017 -0.17 - 1.14 -~ _ |0.88
1/3 Cane+2/3 maize 0.44 -0.44 " {1.39 -+ 10.72
Belle Rive .

2/3 Cane+1/3 maize -0.22 0.22 - 0.80 125
1/2 Cane+1/2 maize 0.02 -0.02 1.02 10.98

1/3 Cane+2/3 maize -0.11 - lo.11 0.91 110 .

Situation- 2.

Bambous’

2/3 Cane+1/3 maize 076 “~ ' |[-0.76 289 - |0.35
1/2 Cane+1/2 maize 1.03 -1.03 3.44 0.29
1/3 Cane+2/3 maize 1.20 -1.20 4.20 .10.24
Belle Rive - :
2/3 Cane+1/3 maize 0.68 -0.68 _ |3.93 0.25
1/2 Cane+1/2 maize . {0.96 - -0.96 4.98 0.20
1/3 Cane+2/3 maize ' |0.88 -0.88 .. 445 0.22: -

Situation 3. e

Bambous .

2/3 Cane+1/3 maize 0.59 -0.59 2.02 0.50
1/2 Cane+1/2 maize 0.72 . 072 2.29 0.44
1/3 Cane+2/3 maize 0.59 -o 59 - 1.80 0.56
Belle Rive '
2/3 Cane+1/3 maize 0.23 -0.23 1.35 0.74
1/2 Cdne+1/2 maize ., = 0.23 -023 . 1.33 - 0.75
1/3 Cane+2/3 maize 0.25 -0.25 1.32 0.76

-

-The Aggressivity of the dominant species is positive and that of the dominated species is
negative.

-Competitive Ratio gives the number of times one species is more competitive than - the
. other.
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Table 16: Total Productivity and Yield Advantage of
. mixtures of Malze and plant Sugar Cane in
Replacement Series at 2  sites and under 3

y situations. -
) [)
Treatment Relative ' Area Time Land o
Crowding Equivalency Equivalent '
Coefficient ' Ratio " | Ratio
Cane |Mnize |Total |Cane |Maize |Total |[Cane |Maize |Total
Situation 1. ! ‘ .
Bambous, . ‘ . . (
2/3 Cane+1/3 Maiza 1.73 |1.38 2.38 —_ — —_ 0.78 |04 1.18
1/2 Cane+1/2 Maize 263 1.76 4.63 —_ | —_ 0.72 0.64 1.36
_1/3 Cane+2/3 Muize 223 1.58 352 _ _ —_ 053 076 1.29
Belle Rive . . f
2/3 Cane+1/3 Maizn" 0.77 122 0.94 —_— — _ 0.61 0.38 0.99
1/2° Cano+1/2 Maize 150 |1.44 216 -— — _— 0.60 |059 1.19
- 1/3 Cane+2/3 Maize 121 1242 292 —_ —_ —_ 038 |0.83 1.21
Situation 2. )
Bambous : - _ .
2/3 Cane+1/3 Maize 1.73 0.31 0.54. 078 |0.10 0.88 .78 013 0.91
1/2 Cane+1/2 Maize ] 263, (027 070 072 10.16 089 . |0.72 |0.21 0.93
1/3 Cane+2/3 Mhize 223, (017 0.37 053 |0.19 0.72 053 025 0.78 . X
Belle Rive ' A . .
- 2/3 Cane+1/3 Maize 1077 017 7 013 061 |0.12 0.73 10.61 0.08 0.69
1/2 Cane+1/2 Maize 150 |0.14 021 060 (019 079 1060 |[0.12 072
1/3 Cane+2/3 Maize 121 0.10 0.12 038 (026 0.64 0.38 |0.17 0.55 -
Situation 3. _ : i
*| Bambous ' ) '
2/3 Cane+1/3 Maize 1.73 |0.48 0.82 078 |0.15 093 078 019 0.97
1/2 Cane+1/2 Maize 1.77 10.39 0.68 064 |[022 0.86. 064 (028 0.92
1/3 Cane+2/3 Maize 158 048 0.76. 044 1038 0.83 044 |049 0.93
Belle Rive
2/3 Cane+1/3 Mnize 0.71 0.55 0.39 059 019 0.78 0.59 Q.22 0.80 .
1/2 Cane+l/2 Maize 0837 |054 047 047 031 0.78 047 10.35 0.82
1/3 Cane+2/3 Maize 5 - 1.08 0.57 061 (035 048 0.83 035 |0.53 0.88

The component crop with the higher Relative Crowding Coefficient ia
the dominant crop. ‘ -

,
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; 'Figure 10 : LER diagrams for replacement series mixtures of plant
" p =,
sugar cane and maize at Bambous.
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> ‘
Left, : one maize crop in mixtures; one -sole maize
crop.

“Right : three sequential maize crops in mixtures e

i

and three sequential sole maize crops.
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Table 17: Effects of an underground partition on maize intercropped with plant sugar
’ el cane at Reduit.

Treatment Final Biomass Harvest Grain
' canopy index yield
4height @12%m.c.
(cm) (tha'l) (%) (tha™l)
Sole maize .
Without ‘
partition .[256.4(100) 10.90{100) 45.5(100) 5.64(100)
With partition 257.3(100) 9.54(88) 44.5(98} 4.81(85)
u
Mean 256.8 10.22 45.0 5.23
Intercropped’ g
Maize
Without - ) '
partition - [258.1(101) 7 |10.42(96) :44.6(98) 5.27(93)
With partition ©~ |257.1(100)  |9.54(88) 45.099) 488(87)
Mean 257.6 9.98 44.8 5.07
o
C.V.(%) 1.8 6.7 - 4.2 7.7
F. Test:
Partitioning N.S. had N.S. *
Cropping system N.S. N.S. N.S. N.S.
Interaction N.S. N.S. N.S. N.S.
S.E. 2.3 0.34 1.0 020

Figures in brackets are responses expressed as per cent of sole maize without partition.

Ry

‘--
=
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3.2.1.2 Canézfesponses
_.The partitioms had no significant effect on tiller densi-
ty of either the solé;;ﬁfﬁ'the intercropped cane, whereas

inte€rcropping with maize 'caused a marked reduction in tiiler

[3AN

density between the 8th_and the 24th weeks (figure 11).
Thereafter, there was no difference in tiller density of any
6f the treatments.. i

The partitions had no effect on cane canopy height- (fig-
ure 12, wgéfeaé'fﬂtércropping led to .an increase in canopy
height as from the 7th to Ehé 15th week, thus coﬁfirmin?/pﬁé
visual observation thap‘tﬁe'ihtercrqpped‘cangﬁwas etiolated.

In spite of the etiolation obsefved earlier in the sea-
son, the stalk height df theﬂlntercropped cane was lggs'than
that of the sole cane (figure 12). The difference oﬁservea

at 20 weeks was maintained to the end of the .season, indi-

cating identical stalk elongation rates. Here again , the

partition had no effect o canopy or stalk height.

-

In parallel with the reductions ig'tiller density and
with etiolation, intercropping severély reduced cane 5:05555
at 15 weeks (table 18). JHowever, awith time, the inter-
cropped cane caught up, as shown bv the fact that, at har-
vest, the aéverfe effect on blomasﬁ.was much less, although
it was highly .;signi:f_:'icant (P=0.01).

In contrast te the observation at 15 weeks that the- par-

titions had been totally effective in preventing the cane

roots from penetrating into the ' interrow, it was observed at
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Figure 11 : Effect of _'soi‘l paftition and intercropping with maize on the

tillering of plant sugar cane. RN

- -

Vertical bars are LSD(P=0.05). ' ’



Tiller Density [m=2}

301

25

20

15 +

10

v
D

Sole Cone Without Partition

Sole Cane With Portition
Intercropped Cane Without Partition
Intercropped Cane With Puartition

T T T
4 8 12 16 20

Time After-Plonting {weeksl

T
28

v

T T T T T
32 34 40 44 48



121

-

N 4
] .
Figure 12 : Effect of soil partition and ‘intercropping with maize on
- : . ir' ) t
plant sugar cane canopy height and stalk height. . 4
¢
Top : Cane‘canopy height measured from ground

level to the tlﬁ of tallest leaf.
Bottom : Cane stalk height measured from ground
level to the top visible dewlap.

- Yertical bars-.are LSD(P=-o.oS)
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Table 18: Biomass at 15 weeks a.nd at harvest of plam sugar cane as mﬂuenccd by
an underground partition and intercropping with maize.
N Treatment Cane biomass (t. ha™ 1)
At 15 At harvest
weeks v '
.
Sole cane
Without partition 6.86(100) 79.8(100)
With partition 7.07(103) . 80.2(101)
Mean " |6.96 S 80.0
f
Intercropped cane : ..
’ . Ll \
Without partition 3.97(58) 69.5(87)
N 7 B .
3 With partition 3.48(51) 64.4(81)
| s
Mean - 3.72 A 67.0
|CV.(%) 18.4 i 9.7
- o F. Test: : ' . Wl
vy Partitioning N.S. . ‘| N.S.
+ * Cropping .
system. = _*_. - =
Interaction N.S. ! N.S.
S.E. e 1049 3.6

Figures in brackets are responses cxprwsed as per cen‘t“ of sole maize without partition..
N.S.=Not significant at P=0.05. '

-~
b
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-harvest that the ¢cane roots had nevertheless crossed. into

the interrow by passing above and below the partition.  : By

4 -

themselves, the partitionldid not affect the root denéity as

* LA A

meésured by the tétal'hﬁmberuof root equ in the profile buti’ .
the? did altef the distribution -of roots (table 19). Root
density was reduced  in the shallow layer (0-20cm) 6f the
interrow but it was increased in the intermediate (20-50cm)
and.the deep k50—70 cm) soil féyéés within the cane row. By
itself, intercroppiﬂg reduced theltotal'number of root ends,
the effect being located in the shallégxé d intermediate
layers. Surprisingly, the effects of inte cropping and of
the pa;tiﬁion wefé not additive. Indeed, ﬁ&g intercropped
cane- had more roots in the presengé of the partgzzgﬁé than
in their'absgnce! - e

As was observed on the growth parameters, the partition
had Ad\éigggficant effect on yield and yield components of

T

suéar. (faﬁle 20). On the qther hand, intercropping caused
a. severe and highly significant (P=0.01) reduction in sugar
yiéld even though theﬂiﬁfercropped cane had caﬁéﬁg up par-
o , .
“tially in-‘biomass (table 18). The %eguction in sugar yield
. was thr;ugh.slight Qut significant reductions in all the
yield componenfs. |
The results obtained in this trial -demonstrated conclu-
sively that ‘sdgarcane growth anﬁ vield were profoundly
féffected by intercropping with maize even under conditions

where competition for below-ground resources was not allowed
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Table 19: .- - [ofluence of an ﬁﬁdérground partition and of intercropping with maize on
&y the dcxisi}y of- plant gugar €ane roots in .3 soil horizons and-at- 2 postions
across the rows. '

Treatment Number of root ends{Mean of 4 observations

in each of 2 replicates x standard errors) .

soil horizon '
0-20 cm 20-50 cm 50-70 cm Total
. T F‘.
Within |Inter- Within, |Inter- Within {Inter-
row oW oW row row row
Sole cane
Without
partition = | | o ‘
(controt) 10729— | 704 10219 63+S5 164 133 1368x11
t With . i .
partition 10247 24+6 123417 | 54+8. 45+10 21+8 36636
v x5 x
Inter- i
crépped
Cane
Without .
partition 103+7 50+6 T2x4 4624 1242 1245 29612
N x x x oL x
I'e
With ) [ . ’
partition 110+12 [ 5349 138+7 6310 267 12+5 403x31
E .

-The 2 positions across the rows were: within row, 0-40¢cm and interrow, 40-80 cm
rom the centre of the cane row.

v %3 Significantly different from the control at the § per cent and the 1 per cent levels
of significance, respectively. ' ~
All other differences are not significant at P=0.05. v -
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Table 20: The effect of soil partition and of intercropping with maize on the yield
- and yield components of plant sugpr cane. - ’
 Treatment Millable Unit Cane Sucrose Sugar
stalk stalk 1B
cane weight - | yield content yield
Pol%®
m™2 kg tha'l ~ |cane t.ha’l
Sole Can¥ PR
Without partition 7.92 1.89 ~ "|150. 15.53 18.24
(100) (100) (100) (100) (100)
With partition 7.44 1.94 144 11515 17.05
(94) (103) _-{(96) (98) (93)
Mean - 7.68 192 (147 15.34. 17.65
Intercropped Cane
- Without partition 6.91 1.80 124 14.40 13.93
(87) (95) (83) (93) (76)
‘With partition 6.72 1.79 120 14.38 13.34
(85) (95) (80) (93) (73}
Mean - 6.81 1.80 122 14.39 13.64
C.V.(%) 107 laz 7 114 38 137
F. Test : : T
Partitioning "~ | N.S. N.S. N.S.. N.S. N.S.
Cropping system » * * = N i
Interaction IN.S. N.S. N.S. N.S. N.S.
S.E. 0.39 0.04 7.7 0.28 1.07

Figures in parcnth;:s'is' ace rc_sponscs' cxpressed as per cent of sole cane without partition.

|

’
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to take pléce. The adverse effect was.very marked at about:
the time of maize harvest and became less'important with
time as the cane‘baughﬁ up. However, the catching up was

.'not complete.

3.2.2  Role of nutrients =, - : 3

In the preceding ifction (section 3.2.1) were reported
the results of a trralxéﬁ study the relative importance of
above and below-ground competition under conditions where
nutrient and Qater‘-supply Qére very goed, if not non-
limi£ing. Evidence was presentedlfhai'under such conditions
maize qompeted for aboveeground;lnot below-ground resources.
It 'is also neéeésary, however, to examine 6bmpetition under

a range of fertility'sitqations. ~The results of a trial

laid out at Bambous on tﬁé role of nutrients are reported

below. First, "the maize .responses and then, the cane

Lol

responses will be examined for evidence of'compexition for
AT

et

nutrients.

3.2.2.1 Maize responses e
At no-time in the crop cycle was the maize above-grouid
biomass significantly affected by intefg}opping with cane

(figure 13). oOf partiaulér inteégst is the fact that biom-

ass of unfertilized maize intercroppeq;yith over-fertilized

ra s

cane,@ﬁs not higher than that of_unfertilized maize inter-
e x .

cropped with unfertilized_danel_ This implies that the maize
. -
did not benefit from. the excess nutrients pre¥ent under the

Ay

cane rows.
=T
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Figure: 13 : Effect of NPK and 'thtercropping with plant sugar cane on
e .
 the biomass and N content of maize. .
v .
¥ . l.
Top : "Maize biomass(g/m?),oven dry basis.
.

Bottom : N content(%)

Left : Unfertilized maize.
Right . : Fertilized maize,i.e. given the
- reéommended NPK rate.

O : Sole hmaize
/[y Maize + unfertilized cane :
& i ) : Maize + over-fertilized cane,i.e. givens3

times the recommended NPK rate.

"Vertical bars are LSD{(P=0.05), and are identical

for unfertilized and fertilized maize. .. -
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Tissue concentrations of N,P, and.R.were higher in the

}‘(‘ ';-.;' -
eI TR s

fertilized maize than in the unfertilized maize at the 3rd

week; t@ereafter concentra&ions whiie decreasing weré simi~-
lar for all:treatments (figures 13 and 14). Intercropping
with cane had no significant effects on the N,P and K con-
tent of maize. fh §articulaf, there was no evidence that
the N:f; and K content of unfertilized maize intercropped
with oggrigertilized cane was at any time higher than that
of unfertiliéed maize intercroppgd with unfegtilized cane.
This confirms that® the maize did not .absorb nutrients

, - applied to cane even when they were present in excess.

. At haxvest, intercropping with cane had no significant

effect on final abbve-ground maize biomass, and on average,

e’ --reduced harvest index (table 21). Intercroppping reduced

?ngggin yield, and the reduction was independent of the rates
of fertilizer applied to maize. Here again, biomass and

grain yield of unfertilized maize were not higher when the
L - »

méize"wasg;ntercropped with over-fertilized cane compared to

uhfertilized-cane, thus confifmiqg the results observed\a}th

thgfbiomass and with the tissue NPK contents of samples

obtained'during the grcwth.

3.2.2.2 Cane responses

/

rr:f In contrast to its effects-on maize, intercropping sig-

=

nificantly reduced cane growth measured as tiller ‘density
, .ovmw o and above-ground biomass. Moreover, the effects of maize on
cane were dependent ‘on the rates of fertilizer applied to

maize. Intercropping reduced tiller density

"
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Figure 14 :

129

Effect of NPK and intercropping with plant sugarwcane on P

and K content of maize.

Top : P (bpm)
Bottom : K (ppm)
Left : Unfertilized maize
Right : Fertilized maize,i.e. given the
recommende!qi NPK rate.

O : Séle maize _ ' \

A : Maize + unfertilized cane

O : Maize + over-fertilized cane,i‘.e'. given 3
times the recommended NPK rate

Vertical‘-ibars are LSD(P=o0.05) and are identical for

unfertilized and fertilized maize.
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Table 21:  ~ Influence of the rate of fertilizer on maize intercro
Cane at Bambous.

-y,

130

pped with pIa.n'LS‘ugm.-

Treatment Maize Harvest Grain yield
biomass index at 12%m.c.
(tha'l) (%) (thaly 7 7
| Unfertilized maize :

" Sole maize . 7.15 54.2 4,29

Maize+ unfertilized cane 6.45 50.7 3.67 )
© \|. Maize+ fertilized cane 6.98 47.7 3.65 7.

Maize+ over-fertilized cane 6.66 54.8 3.99

Mean 6.81 51.9 - 3.90

Fertilized Maize -
Sole maize 8.49 57.9 5.53
Maize+ unfertilized cane * 7.74 L 56.8 4.64
Maize+ fertilized cane 8.76 51.9 5.13

L Maize+ over-fertilized cane B.64 47.8 14.63

Mean ° 8.41 536 4.98

Qver-fertilized maize . .
Sole maize 7.69 56.1 4.87
Maize+ unfertilized cane 18.11 41.4 3.87
‘Maize+ fertilized cane 7.90 45.8 4,02
Maize+ over-fertilized cane 9.13 37.4 3.84

Mean 8.21 - 45.2 4.1?

C.V{v) 15.5 20.0 11.4

S.E.. ' €.70 5.8 0.27

L.S.D.(P=0.05) 2.02 17.0 0.78
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“tipl reésponse was less evident in fertilized cane. ¥ The

131

significantly from the 8th to the 25th week (figure 15). On

unfertilized cane, the reduction in tiller number was more

pronounced when the intercropped maize was over-fertilized
5

than when it was not fertilized (figure 15). THis différen-

results show that the addition ofs fértilizers to. the maize,

far from impraving cane giéwth, in fact reduced it further,

. especially when cane itself was not fertilized.

The‘dfffggehtial effect of over-fertilized maize compared

to unfertilized maize was confirmed by the ijne biomass data

(figure 1l6a). Intercropping reduced cane biomass signifi-
1 s

g)kcantly from about the 12th week. As was observed on tiller

density, intercropping with over-fertilized maize had\ a
! N o

larger adverse effect tHan with ﬁnfertilized_maize, and this"™

differential effect was more marked on the unfertiliced cane

than on the fertilized cane.

L]

From about the 9th to about the 15th week, the N content
of intercropped cane was less thén that of sole'cang, tﬁé
éifference being observed on unfertilized aé well as on fer-
tilized cane‘(figure 16). From thé 15th’week onwards how-
ever,'the situation was'reversed, and the scle cane had a
lower N content thén ége cane intercropped ~with over-
fertilized maize.."

¥ %

-n
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Figure 15 : Effect of NPK and intercropping with maize on the tillering

of plant sugar cane.

Top : Unfertilized cane

' _ Bqttom : Fertilized cane,i.e. 'given the recommended

NPK rate.
Q : Sole cane
X ‘:. Cane + unfertilized maize
A : Cane + over-fertilized maize,i.e. given 3

times the reconmended N‘P‘K-A_rate.
W Vertical bars are LSD /(P=0.05)  and are identical :

for unfertilized and fertilized cane.
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1
3o ¢

: Effect of NPK and intercropping with maize on the bidmass

and N content of plant sugar cane.

Top : Cane biomass(g/m?),oven dry basis
Botfom : N content (%)

B

Left  : Unfertilized“cane”
Right : Fertilized cane,i.e. given the recommended
rate.

QO : Sole cane

[J : Cane + unfertilized ‘}naize

A : Cane + over-fertilized rhaize, i.e. givez;x 3
times the rebommended NPK rate.

Vertlcal bars are LSD(P=0.05) and are identical for

unfertlllzed and fertlllzed cane.
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The P content of cane (figure 17) showed effects similiar
to those observed for N. With,‘H, however, the initial
reduction of K content with intercropping was not observed

(figure 17). On the contrary, the increase in K content

associated with intercropping with over-fertilized maize was

observed as from the 6th week although the difference was

o i

not always significant at the 5 per cent level.

The cane suffered from severe water stress due to general
drought conditione‘ in'lMauritius. From the 25th Qeek,
sprinkler irrigation was étopped on account of lack _gfl
water. In an attempt to save the crop whose growth. was

severely reduced, whose leaves had drled up and whose stalks

» were dying out in several plots, surface irrigation was pro-

’

vided on an irregular basis as frqﬂ the -34th week. The

final yield was therefore very poor, the effects of treat-

. ments were erratic and should therefore be viewed with cau-

tion. ' - -

Not withstanding several exceptions, the general trend
was for sugar. yield tand its compopeets not toc respond to
(Efes ef NPK but to.be affected!bx*intercroppping with maize
(table 22). On average, intercropping with unfertilized
maize was assoc1ated with a Sllght increase, and intercrop-
ping w1th over-fertilized maize with a Sllght decrease in
sugar yield and in the follow1ng vield. components biomass,

millable cane and cane stalk yleld. The two other vield

components, unit stalk weight and sucrose content were not

.significantly affected by treatments.
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Figﬁre 17 : Effect of NPK and intércropping with maize on the P and K

"

) NPK rate

. 135 _ .

L) PP

content of plant sugar cane.

Top : P (pbpm)

Bottom : K (ppm)

PP,

cLeft : Unfez(tilized cane
Right : Fertilized cane,i.e. .given the recommended
N - e

-~

QO : Sole cane

O : Cane + unfertilized maize

A : Cane ;.‘over-.fer.tilized maize,i.e. given 3
times the recommended NPK rate. .
Vertical. bérs‘ are LSD‘('P;_0.0S), and are identical

for unfertilized and fertilized cane.
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Table 22: Influence of fertilizer rate on the yield and
yield components of plant sugar cane intercropped -
with maize at Bambous. '
- -
Tfeatment & Total' Millable Unit Cane Sucrose | Sugar
: LA Stalk Stalk 1
S Biothasy | Cane Weight | Yield® {Content |Yield
(Pol%
tha'l m2 kg tha! * |cane) thal
Unfertilized cane
|, Sole cane 42.1 9.80 0.81 71.8 14.7 893
WEI' Cane+ unfertilized maize 440 11083 0.89 94.3 136 9.88
“" Canet+ over-fertilized maize 306 8.02 0.79 612 14.1 * j(6.66)
“[Mean ™, 389’ 955 < ‘losd  lms - |14 8.49
NI ’ ‘ -
¥ 31 Fertilized cane S P :
Sole cane 39.8 103t ¢ loT 716 136 8.14
Cane+ unfertilized maize 429 12.45° 0.76 849  "[142 9.34
- 1- Cane+ over-fertiljzed mniza 350 19.06 0.73 66.9 136 7.38 .
Mean 393 1061~ {076  [765  [138 8.29
Overfem.hed' ized cane * l - . -
Sole cane 395 (1231} - {059 734 (12.3) [6.87
Cane+ Unfertilized maize 365 - 9.40 0.86 83.0 135 8.61
Cane+over-fertilized maizs 35.1 10.00 0.62 60.7 14.3 6.78
Mean 370 1074 069 724 13.4 7.42 B
CV.(%) 15.7 A 1120 183 5.1 20.2
SE. 34 059 ~10.05 78 0.41
[L.S.D.(P=0.05) 100 175 0.15 206 1.2
'{:"." o —
, g4 !
it
e ' . /
I ]
X oo o
[
A
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Thus, there was no evidence that fertilization of maize

improved the performance o¢f cane. On the contrary, <here
R

poac b~ P
' B L e L , , .
was evidence to shththaggoypp:fertlllzatlon of maize made .

“u .

- -

n A
~ ‘“..'-. -

it more competitive to theuéahef"pyesumably for resources
[ "
v ‘.7.“?;.';‘

other than nutrients. T,
N* .
! 5‘"'.-;,..
‘ D . : |
3.2.3 ' Role of water . | _ Y

.
Ve, ~

t has alréédy been shown (section 3.2.1) tﬁgﬁzunder con-
difions of adequate wééer supply, maize competes with sugar
cane and probably nét for water. Mofeover, the effects of
drought observed at Bambous (section 2.2.2) indicate a pos-

sible interaction between competition for Yight and for

water. Therefore a ial was laid out at Belle Vue on the
role of water. =7 .

?:_‘\' . -
3.2.3.1 Maize responses

Ifrigation had .significant effects on maize biomass,
re ' ' :
. .
harvest index and grain vield {(table 23). Biomass responded
' Al

‘positively to irrigatioﬁ@hthe affect of the no-stress water

p

‘regime being highly significant (P=0.01). Harvest index was
( )
signifigantly higher in the mild stress water regime than in

:"7-\1 T T

»i
the 2 other water regimes. Grain vield increased signifi-
' : . 3

Y
%

cantly with irrigation but «there was no significant differ- Y

v

[y

LxY “
tHe 2 irrigation

L]

by =3

'ence (P=0.05) in grain vields a%ﬁgf

>

: o
< e

regimes. A,
Ca ' '\{1 ' @

In contrast tec the effect of irrigation, intercropping
L4 . B
had no signifizant effect on any of the 3 maize response

b o
+ - N
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variables , (table 23). Moreover, the interaction between

l. T

water Eggimgngng‘sropping system was not significant at the
5 per,.centﬂ]:'é“:re.]jﬂ-thus indicating that in its respdns? to
water reéime, the intercropped maize was not different from
the sole maize. There was therefore no evidence that the
maize suffered from cgmpetition from the cane for water, not
evenxunder rainfed conditions, or that it bénef{ted from its

s e
L

association with the cane.

3.2.3.2 Cane responses ' g //

Water regime per se had no significant effects on cane
tiller density ~but.'intercropping did (figure lé). . From
about the 8th to the 18th week, intercropping with maize
reduced tiller formation almost' completely, and this effect
was not depeﬁdent on water regime. OQf special relevance is

the fact- that the tiller density of intercropped ‘cane was

not higher under the no-stress water regime than in the
g : :

- e
-

rainfed regime, indicating that the reduction in tiller din-
- A

sity was not associated with competition for watef?ﬁhTTtQEi_

<

ing vesumed in all intercropped plots after the maize was

removed at 18 weeks.- Tiller’fo;mation was more rapid in the

irriqiiigkghaﬁ’in the rainfed cane, and the peak tiller den-

cities achieved were alsc higner in the 1rrigated “han in
-

the rainfed cane indicating that water regime plaved a rcle
oo : $ :
in 'rattrapage'.

o
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Table 23: Résponse of -maize to intercro
sugar cane under 3

139

Pping with plant

vater regimes at Belle Vue.

, Biomass Harvest Grain
Treatment N Index Yield
@1l2%me
- (t.na"1). (%) (t.ha™1)
Not irrigated(Rainfed) |
. Sole maize 6.48 47.8 3.53.
Intercropped maize 8.17 |44.7 3.16
Mean 8.33 46.3 3.35.
Mild-stress regime
Sole maize _ 7.25 55.0 4.53
Intercropped maize 6.58 54.4 4.08
Mean 6.91 54.% 4.29
No-stress regime
Sole maize 8.38 47.8 4.56
Intercropped mailze 8.82 48.3 4,82
Mean 8.60 48.1 4.89
C:v. (%) (a) 11.7 . 8.9 13.8
(b) 13.1 4.8 13.8
S.E. (a) 0.48 1.6 0.20
: (bl 0.30 1.2 .28
F.Test _ ‘
ater regime *x * bl
Cropping system N.S. N.S. N.S
Interaction Ix®.s. N.S. N.S.
In the no-stress ,fegime. water was applied dally at

rates calculated to supply all
requirements. In the mild-stress regime,

two-thirds of the calculated requirements w
S.E.(a) _ For testing differences between

regimes.

of the crops’

theoretical
between half and
ere given.

means of water

S.E.(b) For testing differences between means within a

water regime.
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Figure 18 : Effect of water regime and intercropping with maize on the

.

tillering of plant sugar cane.

Scle cane

Rainfed(No irrigation) 9
Mild water stress n *
No water sﬁre*ss ‘

n -

Vertical bars are LSD(P=0.05).

-

Intercropped cane

;2‘
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As with tiller density, the effect of intercropping on
cane biomass was dependenteon water regime (figure 19). 1In

the no-stress regime, intercropping reduced biomass for a

short period, from the 12th to the 24th week. In the.mildﬁ

stress reg;me,'the reduction was larger and lasted_lonqér,

from the '12th to the 30th week. In the rainfed>plots, the

.

reduction was larger still and the cane had not caught up
combletely at harvest. Hence, the data'éonfirmg that 'rat-
trapage' was strongly influenced by water fegime.

'_There was also an interaction between the effect of
intercropping and that of water regime on spindle elonga-~
tion, an indicator of intérnal water 'stress {(figure 20}.
From about thg 12th to the 19th week, intefcropping was
agsociaéed with =& significant reduction in spindle elonaa-
tion of the rainfed but not of the no-stress ca;e,‘indicat—
ing that, the interéroﬁped cane in thé rainfed plots probably
suffered from more.wate} stress than-did the ‘sole cane.

Cane stalk and sugar yield responded positively to irri-
gation (table 24), the increase beiny§ very highly signifi-
cant fP=0.00l); Between the two irrigation regimes, there
was a small, noﬁ-signifitaht difference iA favour of the
no-stress regime. On average, intercropping led to a reduc-
Ation in cane stalk yield and sugar® yield, the differénce

being significant ‘at the 10 per cent level. Not withstand-

g

ing the non-significant iq&Fraction according to analys:is of.

variance, inspection of the data revealed and student's ¢

v

o

R
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Figure 19 : Biomass of sole and intercropped plant sugar cahe under 3
water regimes.

Biomass(g/m?) was transformed to naturial logarithms.

L

Sole car\;e Intercropped cane
Rainfed(No irrigation). @ : 0
‘Mild water st.reés | | | !j
No j.-:ate;: stress A A

Vertical bars are LSD(P=0.05) on log biomass,i.e.

least significant ratios.
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.

Figure 20 : Spindle élongation of sole and intercropped plant sugar

cane under 2 water regimes.

+
:\. _l . v
Mean of 10 measurements in 4 replicates. Vertical

bars are LSD(P=0.05).

- .
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tests.éonfirmedT'that interqropping had-a slightly signifi-
cant éffeét (P=O?i6) on yield.of cane sﬁalk ahé of sugar'in
_the rainfed and the mild stress plots but not in the no-
stress plots. IntercroPping'had no significané_gffe¢t§'oq
the other three yield components but irfigation leq'to an

-increase in number of millable canes, unit stalk weight and

K - . " .
sucrose content, the difference being significant at P=0.05,
. . >

-

P=O.OOL,anle=O;10,Lrespectivaly. 'Rattrapage’ was therefore .

complete in the no-stress regime but partial in the mild-.

stress.and rainfed regimes.

3.2.3.3 Joint responses v

: . L ‘ Sy
At the sampling- points, there-was less water in the st ¥1

under maize than under cane, and under intercropped than

| | :
_'_J/,uﬁder sole cane, up to about the 23rd week (figure 21). The:

effect of intercrdpping.on soil water content was not sig-

nificant in the no-stress regime but it ‘was significant for

a short period, from the 10th to the 15th week in the mild-

stress and the'rainfgd regimeé. After the rémoval c©f the

maize and the heavy rains of the 19th week: ihe differences
- faded away[‘é;cept in_tﬁe mild-stress regimé where the warter
content under'the intercropped cane was slightly and non-
significantly less than.ﬁnder the sole cane.

Root counts compléfed after maize harvest showed tha*t the

sole maize had a more extensive root svstem than the sole

‘cane, in lateral spread as well as depth, under the rainfed

as well as the no-s;resi regime (figure 22)." Cane roots

K

a



Table 24: Yield and yield components of plant sugar cane as

. influenced by intercropping with maize under 3
water regimes at Belle Vue.

: _ ﬁillable Unit |Cane “|Sugar |Sugar.
Treatment cane stalk - [stalk |content|yleld
' ‘ woight |yield '
: 1 Pol% '
n < kg t.ha"!|Cane t.ha"1
Not irrigated : , - N
Sole cane « . 6.08 1.36 (82.6 |14.70 |9.46
Intercropped cane |5.40 1.26 |[67.0 [14.80 |[7.75
Mean 5.73 .]1.30 (87.0 |14.80 |7.78
Mild-stress regime | . : »
Sole cane 6.48 2.01 129.8 |15.83 15.92
.|Intercropped cane |8.32 1.79 |113.5 |15.63 13.91
Hean 6.40 1.90 121.5 |15.84 :|14.91
No-stress regime , . . ] ® .
Sole cane 6.48 1.96 126.7 |15.35 -|15.18 ’
Intercropped cané |6.30 2.00 125.4 |15.68 15.36 -
Mean 6.39 1.98 128.0 |15.51 15.2%7
. o .
lc.v. (%) (a)  r.|8.9 6.9 [s.7 [8.1 5.2
- (b) |7.8 11.8  |11.3 |3.9. 11.8
S.E. (a) 0.19 0.04 |2.2 0.27 0.24
(b) 0.24 0.10 |[8.1 0.30 0.78
F.Test : .
Water—-re’gime * L & X LR B (t) e
Cropping system [N.S. N.S. (*) N.S. (*)
Interaction N.S.: N.S. |[N.S. 7 |N.S. N.S..

" 5.E(a): For teeting differences between means of water
regimes. )

S.E(b): For testing differences between means within a
., water regime.

(%), *, % Signiricant at p-o 1o 0.08, and 0.001, respectively.
(/_ .

=
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Figure 21 : Water.conten't in the soil under\iole plant sugar cane, sole -

Triangle (A) : cane intercropped with maize.

._-A"-'-" . 1...5,-'
maize and plant sugar cane intercropped with maize under 3- :
" !

water, regimes.

-

Water content was measured with a ‘neutron probe.
LI ’ St '

Open circle. (Q) : sole cane; Closed ciecle (@)

sole maize;

Vertical bars are LSD(P=0.05).
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were observed not. to have extended beyond 50cm nor maize
) .“. r“\"f : , ‘6 e
~roots beyond 70cm .in spite of the presence in the no-stress

regime, of a dripper line at 80cm. There was no evidence

that the maize roots had been affected‘by intercropping in -

the rainfed or the no-stress regime.” However, intercropping
~was_ assocmated w1th changes in thé 'cane root system in thel
antlgated plots tHEre was a slight Leductlon in- root den51t;'
and depth whereas in the rainfed plots there was a slight’

vtr“!" s
"reductlon in den51ty not depth (figure 22).

Blvarlate anal¥51s of the ylelds of sugar and, of maize
-showed that there was \\lmost ‘no background relationship
_ between them the re51dual correlatlon being-only 0.15. The

effects of treatments on the joint yields are tﬁerefore not

P

”Qﬁ_ p rasented as ’they ‘are VexpeCted not ' to sdiffer from the

A"‘ .

effects on the ylelds separately

o

3.2.4 _Roié"of.'n‘ght e v

r

When maize was grown as one row in every interrow of

plant sugar cane, it competed with cane for light (section

3 2 1), but the magnitude of this shading effect had not

been determined prlor to the trlal at Redult

. P

L

3.2.4.1 'hMaQn&Qde and devdopn@nt oﬁShade
‘ T N .
In the soie cane, solar transmittance at_ground squace
started to decreaseyat about the ‘8th week and by the léth
;$~we§§t it'had dropped .to 50 per'cent (flgure 23) In the

intercropped plots, maize redﬁced transmlttance at the top
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Figure 22 : Root density of sole plant sugar.cane, sale maize and plant

i

sugar cane intercropped with_,méize:'ﬁﬁder 2 \A'vatel‘~ regimes.

.

Values. are numbéi‘ of 'root"i;“jénds (.m_g—:zan of 2
observations in 3 replicates). Each square is 10
cm X 10 cm. Verti'cial .profiles were dug

perpendicu'lar to the crop ‘rows. In the no stress

regime (right) ‘water was applied! By means of

-l

dripper lines (@) located as shown.
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~and the,p&ftom‘of the cane canopy. Shadlng by maize, . meas-

ured as the reduction in transmittance started ear‘ler at

“":." - -
Ry ¢

den51tyr;nﬁ eased Mean transmlttanceuand cumulative mean

1l
, X ated |
bl ,...-‘\

transmlttance declined with time in ar’ approx1mate inverse

-3 fashion (figure 24, and .the minimum mean transmlttance

. 1"“.:. .

“ -

of about 25 per cent was attalned at the hlghest maize deh?'

(=]

slty;at;a weeks. At this time, there was no measurable drop

. in mean transmittarice in the sole cane.

3.2.4.2 Cane responses,
The 1q§ercropped malze'had no - éfﬁect on cane tlller den-
st ..
sity untll about the Bth‘week (flgure 25) Thereafter, and

until about the 31st week tiller dens;ty was reduced by

intercropping, and the magnltude of the reduction was depen-

dent qn maize den51ty '”With maize at the lowest density,

tlller fbrmatlon was reduced but it did neot stop a’together

as was the case however, with maize at the hlghest den51ty

from the 8th to the 18th week. There was no eVLdence of

‘tiller"ﬁortaiity. After the harvest and removal of the

maize at the 18th, week, tiilering resumed rapidly and the

b\"' P vty

peak tlller density achiéved by the cane 1nte¢cropped with

maizec-at the 3 densities was almost as high ﬁS that of the“'

.
-
-

v . - -7

At the 3 maize densities, the tiller demsity to 18 weeks

sole cane. ' Do : -

of the intercropped cane relafive toé” that.of the sole cane

L

‘varied with time .in an inverse-S fashionf(figure,26). The

~; A A,

P

[

A
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., Transmittance of light.in. sole and intercropped plant sugar

‘cane before and after removal of maize.

N

°

Transmittance was measured with tube solarimeters

at the bottom (Q) and the top {([0) of the cane
canopy, afker  (closed symbols, @, B ) and BeSore

(open symbols, Q. O) the removal of maize.

Transmittance was expressed as per cént of light

P

reaching a control tube in open space. There were

;3""‘densities, of inter‘_cropped"“’maize, from‘top to

‘bottom: ‘15525, 31250 and 62500 plén‘ts per hectare.
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Figure 24 Mean and cumulatIVe mean transmittarce of lfght in sole and w
- \- .u' (O x,‘-,
mtercropped plarft sugar cane in the pr'es?nce of maize® . ..
e X 11\,
. . T e
“There weére 3 densities of 1ntercropped maize :
15625 (A), 31250 (A) and 5‘2__500 (.) plants per
. hectare. "T_-. Mean tr,ansmittance'” is the nmean of
Y L '.‘ .
"‘;‘ v e . .
?‘,‘_ transmlttance measured by the go6tarimeters at 72
B - p01nts :.~ e. at the bottom and the top of the cane
:'}p‘anopy. Cumulatlve mean transmlttance is the mean
Jie transmittanc.'el cumulated over . t1me ﬁ:ansmlttance
S oA '
was '-;e;iqb'x‘-eesed as percent ofﬂ llght reaching a
v i c.ontrol turbe in open space
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'"relative ﬁiLlEr densities were mlnlmum :u1 the 3 cases a<:

152 A C T LTS

* e’

e
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about week 17, and were egual to 65, 40 and“zs'per céﬁt for

AT L
malze aensatles of 1.56, 3. lzﬁand 6 25 plants per squariﬂkzéf;*&‘
metr; respect*vely -. ) . < : .

T o T, - ;

At 36 weeks when._rattrapage in.tiller density was com-
plete, there were nbnetheless larééfa{?fere;aes in stalk
heights (figure 27). The higher the malze den51ty, the low-
er the’ average séalk helght There were Af;o large differ- —_
ences anﬂthe frquency dlstxlbutlon "of stalk helghts In
the sole cane, the dlstrlqutlon was b;modal‘wfkh a peak atf'y .
20-35 cm and another at'110—125cm. rAs majze .density waaf;¢h
increased, the disf?ibution became less g&ﬁbdal and more‘;;l;;
skewed to the left (figure 27).

The cane in this trial w1ll be&parvested in August 1986.

* ‘ . Y e - -

3.3 Temporal relations B
3.3.1 Maize.pesponses

ambous where the sole maize was planted at the same

as the intercropped maize, . time of planting per 53“

o e

or sea oﬂthag highly significant effects on tha,respOHSe{

variables,~—biomass, harvest index and grain yieid’ (table

25).{“ﬁﬁtercropprhg with &ane had no significant effect on.

. ’ - ]
harvest index, and reduced biomass and grain yield,- but only

N . s, ¢

wWhen the maize was plantéd 8 weeks after cane, were .the dif-

' L
ferences significant.
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At Reduit where the density of thé sole maize was twice
that of “the interéropped maize, the ‘effects of density were

separated from those of intercropping and of..season by
e _.;

expressing biomass and grain yiel& per plantm&table 26). As

was the case at Bambous, seasonal effects were highly sig-

nificant. -anversely, ihtéfcrqpping had no significant

-

effect on any of the response variables. Thus, there was no

evidence that delayeﬁfplanting Qf'maize was detrimental to
its productivigy in sugar cane .interrows. - ., "

3.3.2 . Cane responses;“ L . i s

v .“

e

" variable effects on tiller deh%ity (figure 28). Wheniﬁlaht—
ed either 8 weeks before or after'égﬁé, maize had the least

effect on tillef density, and when planted at the same time

or at 4 weéks after cane, it hadﬁthéfiar%est effect,

At Reduit, ‘the effect of-maizé planted B8 we&ks before
cane was alsoc small and transiéﬁfgifigure 28»’but in con-
. \
trast to Bambous, the effect of malze planted 8- weeks aftér

. . 1

cane was more severe. _As at Bambous, maize-haq the most
. ’ L B

effect when it was planted either fat the samgit%me as the

..cane or 4 weeks after the cane. o #
. v-

- At Bambous,  drought was severe: From about;, the 25th

week irrigation was disggntinued because of lack of water.

The ctrop experienced severe Wafer stress léading to the dry-

‘&t.Bambouéé dépending on ;Ee time of planting, maize had.

S -

. ing out of leaves and in some plots, the death bf-stalks;J

e

* From the 34th\week,'sufface irrigation was provided irregu-

larly in an
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Table 25: Effects on ‘maize, of time of planting maize
relative to intercropped plant sugar cane at

1

Bambous. .
Treatment . Maize biomass|Harvest Gﬁgin yiéld
s “t index at 12%m.c.
“t:na"l| % % t.ha"} %
8 weeks bhefore
cane(February)
Sole maize : 6.55 |100 - |47.1 3.51 100
Intercropped malze|5.63 86 48.9 3.13 189
) - _-L \/ bt
4 weeks before )
cane(March) - ~
- Sole maize 5.81 100 80.8 4.00 100
Intercropped malze|S5.95 102 80.68 4.11 ° 103
T~y At pame time ag n
. |cane(April) . . .
| Sole maize 4.50 (100 49.8 2.58 100
Intercropped maizei4.92 |109 48.7 2.61 101
4 Veeksg after
cane(May) : . o y -
Sole malze 5.64 100 50.3 3.27 100
Intercropped maize|5.40 .|96 83.4 3.29 101
8 ¥Weeks after
cane(June) ¢ - "
Sole maize S.17 100 54.4 3.80 100 ..
Intercropped maize|3.859 |58 6l1.6 2.51 ©.. |68
C.v.(%) 12.8° 4" 7.5 147 -
S.E. . 0.39 - . 2.3 0.28
F. Test:
Time of -
planting maize *» e *e
Cropping System N.S. |N.S: * -
Interaction N.S. | N.S. Bl
L.S5.D.(P=0.05) l1.186 8 0.83
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Table 26: Effects on maize of time -of pl'égpd;ing malze
relative to 1intercropped plant sugar . cane &t
Reduit. -
Treatment Meize biomnass Harvest Grain Yield
. . L Index at 12%m.c.
N i i .
f (thaD) kamm-l) (%) | (%) (the'l) [Gehtantd) ()~
8 weeks beforé™ L '
cane(February} 7 W e
Sole maize 9.50 151 100} 42.7 4.62 73 100
intercropped maize 4.42 140 93 [42.0 212 67 . 91
4 Weeks beford' ;-
Cané{Mareh) b
Sole maize - 11.49 185 160| 38.4 500 80 100
intercroppedd maize 516 168 91 - |07 2417 78 97
At same umea.s
cane(Aprl) | . St
Sole maize 9.69 157 100} 44.9 522 79 . 100
Intercropped maizs 568 187 119(44.8 2.89 95 + ot 2120
: 4 T "
4 Weeks after
cane(May) \ . . o .
Sole maize 12747 o5 - 100 46.7 [6.78 109 100
Intercropped Maize 732, 232 113|464 385 " |122 111
§ Weeks after a
. | cane(June) o
| sole maize v - 1444 232 100{472 . |771 124 100
Intercropped maize 6657|219 94 |505 T :13s1 126+ 101
CVi(%) 124 w 179 _ 14.8
AsE 13.4 20 0 82
F. Test: > tadl
Time of
planting maize - - i
Cropping System - NS. NS . NS,
Interaction : . NS. NS ! NS
LSD.(P=0.05) w40 . 6.0 . 24
v . 'f:‘« :
\\\ .
- - . \i
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effort to save ‘the crop but vield was nevertheless low and
very variable. kesults werd therefore not .conclusive.

There were no significant effects of maize on cane.responses

_tgéﬁle_§7).

At Reduit, on the otherxgﬁnd, maize did affect the cane
™~ o

responses significantly, except unit stalk weight and sugar

content (tablg 28). Of particular importance is the finding

that théf?éuqar yield, .was significantly .reduced by maize
L S .

plaﬁ{ed'ﬁt 8 weeks after cane but not at* thé other timeqf

“y-

There was also small non-significant reductions, especially
TNy S .
. on millable cane and in cane stalk yield, .,with maize planted

. L4

at 4 weeks after canéu Thus the results show th§t delaying

of maize plantation was of no value in minimizing the delet-
T w :
eridus efiect of maize on cane;, on the contrary, the prac-

i ) -
‘ice was more harmful. . o

. ) ' v

- S

3.4 ° S[:;éitial relations aﬁ‘&‘productivity

. N

"ﬁ_ 3.4.1 Intercropping with pf&nt sugaﬁ cane

-

Lo 344010 Maize respgnses. }T. o : 7

w

oo s - o
The actual maizgr-grain yiélds were much “higher at Pam-~

&’plemousses and Union Park in the second seaSOnL(Auqust

- v

s , tatidn) than at Bambous and Reduit ”in the - first season

Fis

(March plantaticon) (table Zii. Convers?Ly, yields of inter-
.cropped ‘'maize relative to sole maize were higher 1in the

$ first than in the second season.. FQE’instance,‘the grain

rA

&
X o

_plan--
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"Table 27: Yield and yisldICOmponents of plant sugar cafle

LR

- intercropped with maize at Bambous as influenced
by time of planting malze. ..
1
) RS Millable|Unit Cane Sugar Sugar .-
Treatment oo gtalk |stalk content |yleld
' cane welght (yleld - R s
V- j - : Ty i i
-~ e 1. (POl
: (n2) -{(xg) |(¢+.na”!) "~ |Caney |[lt.na™l)
Sole.cane {9.3 “;{o.8e |[v6.0 * ~[15.77 (9.4
Cane+ malze at| | - S
8 weeks before|9.4 0.75 70.1 -7 15.27 8.4
*|cane+ maize at
4 weeks before|9.5 0.84 |75.3  |14.97 |8.8
Cane+ malze at i .
game,timse. 9.1 9.84 72.9 14.8%7 8.4
Cane+ maize i} | ‘T L
4 weeks after.|9.6 0.76_ |71.1 <|15.28 [8.5
Cane+ maize .
8 weeks aftér.|10.7 0.82 €8.4 15.13 8.1
T ‘ S
Cc.v. (%) 14.7 11.8 |19.2.7 3.5, 19.7
5.E. 0.81 0.05 |7.9  [o.31 "|0.97
F. Test: C I8t U t|N.s. |N.s. N.S. |XN.S.
i 4 . .
L.S.D.(P=0.05)|2.41 0.18 7 123.3 . 0.80 2.9
l_“\ ‘:'* ) . ; - ‘
-f:{.r
\ "h-‘



}—\ . '
%&aﬁle 28: Yield and yleld components of plant sugarrcane
. intercropped with maize at Reduit as 1nfluenced by
time of planting maize.
AY v
Treatment Millable |Unit -|Cane Sugar Sugar
‘ stalk |stalk content
cane welght [yleld: ~lyiela”
! ST [ L P
(n™%) (xg) (t.ha™*) |Camne) (t.ha"1)
Sele cane’, 9.51 1.33 “|126.8 11.57 |10.92
- . - ]
Cane+ maize ‘* n : -
8 week#f before(9.14 1.29 118.5 10.90 . |9.48
‘ . ‘ 7 r
Cane+ maize o a
4 weeks before|9.87 . 1.21 118.0 11.43 10.02
Cane+ malze at f ' ¢ .
game ‘time. L |2-98 1.36 124.0 10.63 9.65
R !
Cane+ maize - .
4 weekn ‘after. |8.15 1.32 107.6 11.90 9.59
“iCane+ maize ‘ _ 1.
8 weeks after.|6.77 1.43 7.7 - 11.3%7 8.09
1= + )
e V(%) €.5 \ |6.8 [10.3" 7.e T 11,2 0
ls.2. © lo.33 0.08 |68.9 0.50 |0.63 &
TIF. Test: ssx NS, [0 N.s. |+
L.8,D.(P=0.05)]1.04 0.18. |21.6 1.8 |1.96 .

)
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yields per plapt of‘malze at 33Tper cent in uniformly-spaced’

chne were 44 and 43 ‘per cent higher than those of sole maize’
™ va . - ) + R -

at Reduit and Bambous, respectively whereas at Pamplemousses

- \

atid 'Union Park, the incrgases were only 14 and 4 per centri'“

- IU

respggg}yély;' Egcepf“éﬁ Union Park where plant stands were

. e Y . )
irregular, "grain yields per.plant of intercropped maize

decreased as malze.densitv‘increased. At two sites, JPam-
y - o PO '

plemousses apd Redult yield per plant of 1ntercropped maize

.at 100 per cent was 51gn1f1cantly less than that of sole

.

-

ﬁ;q,diﬁferentiaLly-spadéd cane.

maize. At the other 2 sites, there were no 51gn1f1cant

(P=0.05) differences. R

.

The effect of planting-patwern on’“félative yi°1d per

St

. ‘plant of intercropped maize was dependent on malze denszty

At the density of 33 per-cen;, there were no 51gn1;1cant

dlfferences it planting patterns at the 3 sites~wheré'the

- !
PR

compaylgon was possible.- mlkewlse at the density c¢f 67 per
".V ) V ‘ ‘. - ) .

cent, there were no 51gn1£1cant’effects of planting pattern
at Bambous and:Union Park, but there were significant dif-

ferences -at Pamplemousse;_andeeduit; at pothisites,‘the‘

yielgs.per'planfiwerg higher in uniformly-spaced cane than

N r~ s
v,

3.4.1.2 Cane responses v

~

PR )

" Peak tiller denéity was reached earlier,K in - the. second

than in the first season (flgures 29 andv30) Intercropping

“reduced tiller numbers for perlods that varied from site to

o

site., - ‘At each site, the magnitude and duration of tiller-

el e n
, 1 e

iAhibition were dependent on maize density and pianting pat-
s

1

[

AR -

.-y
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¥ 7apl¥ 29: Grain yield of maize intercropped with planff
sugar .cane at 4 sites as influenced by maize density and

planting pattern..

Treatment Grain Yield at 12% m.c. N
‘ Reduit " Bambous Union Park . Pamplemousses ~
T-
. (thal) [(gplant) [(ehal) [(gplant™d) [(tmaD) |(gplane™)) [(rbal) |g.plan!)
‘- - ' Fe
C_ﬁ_l_.ﬁ_ “1 >~
Cane +33% maife - [1.70 82 2.07 114 {2211 M1p 3.15 158" \
Cane +67% maize +|3.177 |77 3.72 105 398 119 628 |15
. | Cane at 2.25/0.95m "
Cane +33% maize ' [- - . |- 218|119 196 113 308|151
Cane +67% maize |2.52 61 1.69 101 408 ;f1 " |s.40 135
. Cane +100% maize [2.78 45 472 |87 1569 113 6.34 105 .
. ; P SRR - AR . .
Sole maize(100%)  |3.48  [s7 475 Jlse oo |tas |1ua . |8a37 136
levie 17 |84 |is3. (84 94 {90 |74 |50
) S.E o.16 2.7 0.31 49 0.20 5.2 - |o.20 3.6
- ‘ R
‘o LSD (P=0.05) "™ |0.49 8.3 098 16 0.59 16 0.61 11
“ 3 ] . ’ . . f/
- * Poor stand at harvest because mcmiu:d plants did not develop. e
- - e .
. .
~ ' g :
LR -—
I
- . .
1Y o T
A Y
~ - . o~ ' -
v L N
- - N . N
. i 3 . |
. I
A ! L




o

so that in all trials the 100" ‘per- cent maize had the most ~

‘3formatlon resumed or accelerated after the removal:o " maize.” ¥

- In the first season, the peak tiller densities . eventually

‘tern. As maize dens1ty 1ncreased tlller density deereased47

165 ...

R

Sagin, ik by : L .?:‘* L

‘:3. o, .{".u. '4‘& . I‘i-j‘-‘_ .
adverse effect on tiller denslty At thls denSLty, malze ke

lnhlblted tlller formatien completely JIL the flrst ‘season
whereas in. the second season, 1t was retarded but ‘not” com-

pletely 1nh1b1ted There was” also"an lnteractlon of ‘maize .
o, \- -'.,‘ . T

den51ty with plantlng pattern - 'For_ 1nstance the adverse| ,
N B . '1. . a
effect of 33 per cent malze was more pronounced on unlformly ~\j.*vw

B
.-

than on-differentlally-spaced cane In all trlals, tllle&w;gy }1“

o "f,u R S

achieved by the intercropped Cane'Wéiéugﬁifévlarqef-éﬁ&“in

"several treatments‘“as“large:ascin the'sole cane. . Iﬁ’%ﬁﬁ,‘ﬁ“j#&;

'second season, on the other hand,tthe peaks achleved by the

r

intercropped cane were much lesd than those of sole cane.

Intercropplng also»reduced cane stalk helght‘mwNottw1th—

\-,..t- .
stapdlng some minor varlatlons from 51te to 51te two broad
'k‘i .
effects were' recognlzeq_ In general “ cane ° stalk heights

decreased as maize dens1ty Increased although the dlffgrenc- -
es were not“alwaysgslgnlficanttat $20 .05 (figures 31. and;
32$r~ With few except?ons there was little evidence“ of a 1;

change in relative stalk helght w1th tlme,‘the dlfference ﬁ{'ttf

observed at the beglnnlng of the eloﬁgatlon phase tended to; = ot

~, ot

-
Bt

remain unchanged until very late in the season .when,j:'_,on
) y

" ‘account of flowerlng, the sole cane stopped elonQatfng fixse

-

and the intercropped cane caught up. - RSy

.o - .
~
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© Figure 29 : Effect of maize density and planting pattern on",

the tlllermg of inteﬁcroppé% pllant“ sygar cahe in

L
+, v

the flrst season at 2 sutes

“a
S

e

- :v _ . N
The sites "were : Reduit (top); Bambous

.

. P e ?
(bottom) -‘_‘- *

R -

o ‘\'-""" ]
Left g Cane plapted J.-'n ~rows unifotrmly-

v -

sﬁaced at 1.6m. —'—'"‘- T i - .
ST -
Right : Cane planted in palred rows spaced
- . alternately at 2.25 and, 0.95m. o
J"I‘he dens:.t:.es o.f iﬁtercropped'm‘é‘ize were
T o33.4%), 67% (@) tand " 100% ) of sole maize
"'(62500 plants/hectare) . Bold- ).a.ne is for
_"""sole* cane(OJ,Vert:.cal bars are LSD(P =0, 05)
. o .i": 4
pa e T t‘and are identi¢al for *the two patterns uof.
, e ""“pl_a}nting cane. - R
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" ~ f - 'Y
T T the secon& season at 2 sn:es.
- w
xS N ‘ :
LN T ";“_;" LN '.:‘-_ 4 i '
S e o
L . s ) - - :
swwan -~ " The sites were.’:. Union Park ‘{top) and
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: . Figure 312 : Effeg} of maize.der?é'it\/ .and planting p;ttgf'n.._:.on
the—elongation of stalks of intel*%:{;qpped plant sugar
- canel'n the first season at 2 site:: “*'. e
M B . ",\Sﬁ"» - | \ , " . )
."_u- o The sites were : R\édui.t_:‘ (top) ang Bambous
‘ b .( b'ot"tom‘). ~ R s ‘*. T
Le.ft'."i: Can_ej‘-‘“ planted rO\;'s Iuniformly-
e = e spaced at 1.6m.' | )
b Rignt Cane p—lante‘ . in p‘ai;r‘.:ed;,‘ rows
| alternately at 2.25 and 0.95m. P
The densities of int;rc&r}?pped maize w‘ére
- 33% (A), 87% (D) anc; 100%" (&) '©f sole maize
x | .(62,5}_)0 .plants/hectare)', The sole c;me is --
) ) R ). | w '
: Vertical bars are LSD (P=0.05).
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"The sites were Unign Park (top) and

. Left : Cane piaﬁted'

-alternately at 2.25 and 0.95m.

Pamplemousses (bottom).

5 .- : .
ifr rows uniformly=
spaced at 1.&m. o -

L - . {_ . '.J' . . )
Right, -+ Cane ' planted in A paired rows

-
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O) . . o

Vertical bars are LSD(P=0.05).
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” The densities :6&;‘iﬁtef5fobﬁéd maize were
33% (A), 67% (0) and 100% (A) of sole maize
(62,500 plants/hectare). "The sole cane ‘is.
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In the 4 trials, intercropping-treatments had no signifi-
cant effects on two of the components of sugar, namely, unit

stalk weight and sucrose cdntent (tables 30,31,32 agd 33),

except at Pamplemousses where there were small inconsistent
?[.
differences in unit stalk weight. Millable cane, on the

.4
L

contrary, was reduced by 1ntercropp1ng with maize” “in 2 of

the 4 trials. At? Redudt and Unlon Park, 1ntercropp1ngh

reduced the number of ﬁallable canes 51gn1f1cantly but at

b—

Bambous and Pamplemoueses dlfferences were ‘nyt 51gn1f1cant
at P=0.05, ~although at Bambous there was a trend fpr inter-

cropplng to reduce the number of mlllable canes.

N

In 2 of the 4 51tesM-Redu1t and Union Park, cane stalk

‘ "
yield, waswlower in duffe&entlally spaced. sole cane than in

b

unlformly spaced qLe cane 1nd1cat&ng that dlfferentlal

[

spacing was inferior in 1tself. -At Reduit apd Union Park,
! . ' ) 3
. . P

intercropping reduced stalk yield significantly. At Reduit,

“ ¢ . -

the adverse effect increased'hith maize densityf(table 30).

At, Union Park, this was also ‘the case in‘differentially-

lspaceﬁ cédne but not Ar unlﬁgrmly epaced cane (table 32). At:

Bambous (table 31) and Pamplemousses (table 33), there were

na, overall signiflcant dlfferences between)treatments but
_ _ a ST _
onl? a trend for “the sgalk yield of cane intercropped with

100 per,cent maize to be lower. . .
S »

Differences in sugar yields paralleled. those of cane

stalk yields. For example, differential cane spacing per se.

led to lower sugar#yielde at Reduit and Union Park. :At all

L . . '

= ¥ oX - o
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- Table 30: Effect _éif maize' density and planting pattern -on yield and yield
Lo components of intercropped plant sugar cane at Reduit.
" . Millable Unit ‘Cane Su.c':rosc Sugar
Treatment cane stalk stalk . |content yield
v . weight yield
- Pol. % *
. o2 kg t.ha”l Cane thal
Cane at gﬁ_m_ 4 -
Sofe cane 1196 .- {122 145 " ]12.90 14.2
*Cane +33% maize 10.76 --+|1.26 135 12.58 12.8
Cane+67% maize 10.23 - 115. 118 11.90 * |10:5
Cane at 2.25/0.95m *.
‘ Sole catie 1133 {116..- (130 .. |12.10 iLg -
. j “" - . *
Cane +67% maizk 11.03 7" [1.09, |120 1200 - 108"
: . . ) o ; oo "
Cane +100% maize 10.34 1.10 114 -|1225°" 10.5 .
. » m. . "
IAYZCS) ) 5.8 105" |91 5.0 125
"|S.E. 032 * -- {006 . .|58 0.31 1074
4 - .
LSD (P=0.05) ~ 0.96 "\ |o.18 17 0.93 2.2 .
V4
+ ‘1
by
o ) a 'y
a e ’ ~
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Effect of mam: ..depsity and planting pattern on yxeld ~.a.pd y1eld

componcnts of mtcrcmpped plant sugar cane at Bambous.:

e N | ¥fittable Unit Cane Sucrose’., | Sugar’
Treatment *~ ..\cane stalk stalk |content  |yield
e ' . weight yield HE B
PR . Pl %..
m2? " kg thal - | cane« t.hal
Cane at 1.6m } .
Sole Cane 11.29° 164 o |12e0  |es . |
Cane +33% maize 9.63 160 162 1263 15.4
Cane 467% ‘haize 1033 168 [162  [12.33 150
Cane at 3.25_/0.95m . N '
22| *Sole cane 10.31 152 (179 1193 16.2
" Cane 433% maize 10.31 157 (182 |1 |ise
g Cane +67% ma:;c ’ 10.65 1.40 166 "'11_.73‘ ]14.3
Carte +100% maize | {1075 163 144 1227 {133
CVi®) 74 73 {152 |ea 13.3 ,
SE.' loag . loon 146 - {045 1.2 |
LSD (p-t)‘.c;S)' < |1.38 020 a5~ a9 3.6 B
\ ‘ -
. 5 " »
. .
G o _ o
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Table 32:

'q"."«

L J

.
r-Uhd
L}

components of intercropped plant sugar cane at Union Pa:cl:gf

Efféct of maize density and planting pattern on yield and yxélds-

,_.

Treatment

Millable <+’

Unit

cane “u fstalk

weight

1 Cane

Sucroge
content ',
-

Bl

Sugar
yield

kg

| yield

t.ha'1

cane

Pol. % ..

C a_}_6

Sole cane

Cane +33% maize

-
Cane at 2.25/0.95m

Sole cane

Cane +67% maize

- Cane +100% ‘maize

Cane +67§b maize

Cane +33% maize |

1.28

1.31

124 -

1.30

1.18

b

J128" 7

617,

86.4

66.1
60.1 <

154.4 N\

1485

12‘5 w*'-nm.g_s

14.58

14.58

15-00:; RPN

P

14.80

11463

zzzz

(6.94)“-217 '

677

6.15

\763- 5|

CV.({%)
$E

LSD (P=0.05)

92 *
0.27"

0.80

“la10-.

0.07

0.21

{13.4
o A

4.5

134
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Table 33: Effect of ma.l;a denmty and plantmg pattern on yleld “and yield _ -
' componcnts of intercropped plant sugar -cane at Pamplemousses.
| Treatment % Millable . ." Umtug Cane’ Sutrose. Sugar
: L cane .., 4 |stalk’ stalk | content yield
L e weight | yield~ : o
7 7 . -
o o |Per® s
v m~2 kg x,.h_:‘f.lm cane .. t.haf'-l
Cape at 1.6m o 5 o
‘Sole Cane 13.1 1.38 126 11.98 ~ - [11.35
Cane +33% maize 12.9 1.46 124 11.50 10.72
Cane +67% maize 13.6 11.42 125 - |11.10 10.28
Cane at 2.25/0.95m- .7 : _ »
Sole cane 121 1.31 126  |11.58 (1085
Cane +33% maize 126 131|125 1150 |1057.
Cane +67% maize  |12.4 1.46 120 11.63 10,31
Cane +100% maize 11.6 127 - [108 |1098 - -|8.67
C.V.(%) EEE 62  “[13.8 9.0 14.3
SE. 0.57 0.04 8.4 0.52 loga”
LSD (P=0.05) 13- 013 |25 1.55 2.23
"t:. - .‘:‘ e ‘!“ 4 —
s “7

-y
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analy51s because the res;dual correlatlons at the 4 Sites

<

.Hg;_ . i. g 178
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o LYy
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" 4 sites, there was a trend'far sugar yield toidecrease as

maize density increased w1th dlfferentlally spaced cane,
" v-\\ .
there was an: inverse linear relatlonshmp of sugar yleld with

maize den51ty (ﬁlgureq33) although at Bambous and at Pam-

Tt la

plemousses,' the dlfferences were not 51gn1f1Cant W1th

RS

) unlformlyﬂspace cané, there were smgnlflcant dlfferences at

Redumt and Unio Pafk.ﬁ At-3 sitesﬁand at the.2 maize dens;—

ties, there was no. evidence for an effect of maize plantlng

~ -.‘”

pattern pn sugar yleldam At the 4th site, Unlon Park malze

at 67“per cent led to a lOWer sugar yield in dlfferentlally~

spaced cane than in unlformly spaced cane ({table 32)

. _-\ e i
3.4.1.3 J0|nt responses

‘Bivariate analy51s of variance of the ylelds of malze and

'fef sigar from the mlxed,plots showad that: - 'L”

PR . T -
s AN ) . 4 P
- . .

CRCR 54 A

.—,_-

T

-u.)ﬂﬂ

o

+O 81 at Redult Pamplemousses Unlon Park and Bambous,

™ -

respectlvely ThlS means that at Redult the experimental

errors in maize and sugar yields were independent whereas at

'Bambou 66‘per cent - of the variation in experlmental error

e __n:."‘ -

- ‘ '_',

"in sugar yields was attributable to varlatlons in ererlmen—

tal errors 1n malze yields.

L& o -
e " .H\u-,

T

e
LEr

TSR, W el Aamy,

R, P .
N

',.”i.Data~{h§ﬁ*the 4 tfialsugﬁbuld not. be combined for’

‘were very dlfferent belng equal to —O 04 —0.33,,« 0.46 and _.

“a,
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" Figure 33 :. Effect of maize density on the sugar vyield of -

. -~ intercrdpge"d" "ﬁlan't"-hs'.ugar cane grown '  in paired _~
A ré';vs.. at 4'Sites in 2 seasons. ’ | ¢
E‘ifst season (top} : Reduit. .and Bambous.
Seé’éf;d se;‘ason (bottom) :“"' Union P;er and J
* Pamplemousses.
The lndensities of intercropped mai‘ze were
e - 20,806(?3%), 41,600(67%) and 62,500(100%)
plants per hectafe. The qptlip;num density of
" sole maize was 62,500 plants per hecf_.'are.‘ )
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o
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N - T
e
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.+ 2.There were significant differences in' joint maize and .

.sugar , vyields at all sites (figures 34 and 35). In
e
g, T ' S o A -
thesa diagrams, the 5 per cent signlchadEe zones are bound-
E . P .

- L
ha g = Lo

ed by circles™ ) - . T

3.As shown particularly.clearly at Bambgus {figure --34)

ot

and at Union Park  (figure 35), but also at Pamplemousses

(figu;e 35), the mixtures could be segregated into 3 groups
on the basis essentially of maize yields. The groups corre-

sponded to maize density planted,  thus confirq}ng the non-
- ] . AR
significance of planting patterns.

v "

Maize and sugar yields werQRElso combified by means of

1l

- . -
_ Land Equivalent Ratios. The sole , maize: ylelds used to stan-
'y . 4
dardize ther mixture yields were estlmgted on the basis of
~ r . "
two‘assumptlons.uyElrstly, it should be p0551ble to grow 3

"maize crops sequentially in the time taken by the plant cane
to come to maturity Secondly, at a given site, the vields

of the 3 maize crops would not necessarlly be 1dent1ca1'but
M“
they could be estlmated from the vield of the first crop arnd

. N
L . " Rt

from known‘seasonél effects. Eactors»used to convert the
" - -u.

vield of the first maize crop into an overall yleld for the

entire cvcle were 3.5, 3.15, 2.65 and 2.5 for Redult Bam-

-]

bous, Unién Park and Pamplemousses, respect1ygly.

.J-,q_"r' a

. At Reduit, the LER's were not different from unity indi-

“t

cating that there was no gain Sr loss from mixing the .»

=

crops(table 34). Likewise, at Union Park, ,there was‘no

Ly

Taa

yield advantage with the mixtures in uniformly-spaced caﬁe

~FA"
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Figure 34

1815 0 °

- . o

- dr

: Joint sugar and maize grain yields of mixtures of

)

plant sugar cane and maize in the first season at 2 °

sites.

" The sites were : Reduit (top) and Bambous

- (bottom). ‘Adjustment for correlation

between the yields of the 2 crops was by

means of skewed' axes. Circles represent

confidence zohés at>P=0.05. ff;aments were

2 : Cane at 1.6m + maize at 33% (20,800

plants/hectare). “

.3 : Cane at 1.6m + maize "4t 67% (41,600

plants/hectare). 7 '

5 ,Cahe at 2.25/0.95m + méize at 33%
e

{20,800 plants/hectare).

.6t Cane at 2.25/0.95m + maize at 67% .

{41,600 plants/hectare).
Ead

7 : Cane at 2.25/0.95m + maize -at. I00%

(62,500 planfs/ﬁectafe). o

x, -
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+ Figure_35' : Joint sugar and maize gfain yields of mixtures of
ot T ! X .3
Towl plant sugar cane and,maize in the second season at
Lo e 2 sitest .
r ) l .
i;‘L}; |
: ‘ ° JThe sites were : Union Park':{top) and
Pampleméusses (bottom?). ' R b )
. . Adjustment for - correlation§ between the
o . yields ‘of the 2 crops was by .means ofy
! ‘ skewed axes. Circles represent confidence
. i N .
) zones*at P=0.05. Treatments were :
. , . ) [ * - ""~ '
~ . 2 : Cane at 1.6m + maize ‘at 33% (20,800
| plants/hectare). *
' " .
- 3 . Cane at 1.6m + majZe at 67% (41,600
plants/hectare). 4 ' -
N 5 : Cane at 2.25/0.95m + maize at 33%
(205800 plants/hecéare).
. & : Cane at 2.25/0.95m + maize at 67%
4 _ = 3 7
(41,600 plants/hectare).
” /' © 7 . Cane at 2.25/0.95m + maize at 100%
(62,500 plants/hectare). : .
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Table 34:° Land’ equivalent ratio of mixtureg - O0f plant, sugar

- ' cane and malze at 4 sites as- 1nflﬁenced by maize
density and planting pattern. \C”

Treatment . T.ER /)

Reduit |Bambous |[Uaion Park|Pamplemousses

Cang at 1.6m - 'Q T .
Cane+33% Malze 1.0¢ [ 1.07 |  0.95 . 1.10
Cane+67% Maize | 1.00 1.15 .|, 1.02 1.21

Cgne at 2.25/0.95m

Cene+33% Malze:| .- 1;§i: " 0.88 1.08 .
Cane+67% Malze [ 0.97 1.11 0.89 | 1.17
. Cane+100%_ Maize| 0.96 1.12 0.92 | 1.0%
C.v.(%) " 11.5 | 13.7 13.6 |  11.0 :
S.E. * "] 0.0s7| o0.088]  0.063 0.062
95% Confidence 0.13 | 0.20 | ~ 0.14 | 0.13
Interval(x )**. e L
"« Pooled : -

x %

Approximate Dbecause LER assumed. to be approximately
normally distributed. 3.

=g -
LA PPN
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whereas in differéntially-spaced cane’ there was a slighz
. \. T

yield loss from mixing the crbps:; At Baﬁbous and Pamplem-

S

ousses, all the mixtures gave LER"s larger than 1. OO but the

differences were not 51gn1f1cant (P—0.0S)-except in the case

rh -

of the mixtures of 67 per cent maize at Pamplemousses. The"

effect of maize density on, total LER's was generally. quite

¥ -

‘small except at Pamplemousses where LER's incréased as maize

“density was increasedﬂfkom 34 to 67 per cent. At the oﬁﬁér

'.sites the. increases in the “maize component ¢f LER with an

- .y

1ncrease in maize 'density was offset by concurrent reduc-

. v ol EES

tlons in the sugar component of LER.. There was also llttle
dlfference in the effect of planting pattern on LEK except
at Union Fark where the mixtures in differentially-spaced
cane were probably inferior in LER‘to those in uniformly-

A e s

spaced cane.

-

3.4.2 - Intercropping with ratoon_sugar cane

3.4.2.1 Maize responses,
At Belle-RiQe and Union Park, tﬁg yields per plant of

. 1l 3“._ . . - .
intercropped maizewere at par with those of:- sole maize when

Ty e

the density was 33 or 67.per cent. At a density of 100 per

zent, on the contrary, the yield per plant of intercropped

maize was 51gn1f1cantly (P =0. 05) lower thén‘that of sole

maize athedult but not at Union Park p0551bly because of a

[,

lower maize stand at Union Park (table 35).
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. fFo AL Pamplemousses, in contrast to the other 2 sites, there

.

was a trend.for the, intgrcropped maize at 33 and 67 per cent

Y L

to produce higher yipldsTthan;éipéEted %ﬁ'fﬁéﬁbasis.of den-

sity planted. But only in the case of the mixture of 33 per

A*

cent maize in differentially-spaced cane was the difference
significant at pP=0.05. ‘ | ) . Lt

4

At none of'the sites was the effect of planting pattern
/ P

on.yield per plant of intefcropped'ﬁaize significant\athﬁhg

" 5-per cent level. - . .,

r . vr

- 3:4.2.2 Cané ‘responses ; .

" As was observed on plant sugar cane (figures 29 and 30},

intercropping-led to reductions in cane.tiller density; the - ©

Y -

general trend wasffor tiller density to decrease as mailze

r

density was increased (figure 35). At a given density, the
” , .

maize  had slightly less adverse effett on differentially-

’

“7spaced cane than oﬁ'uniformly-spaced cane, but the differ-

b

~
°

ences were seldom significant at P=0.05.

At none of the sites was the effect of intercropping on

prd

Sucrose content significant at Pé0.0S. {tables 36, 37 and

38). Similarly, intercropping with maize had no significant

(P=0"05) effect on unit stalk weight except for one eyxtreme
treatiment at Pamplemousses (table 38).

-
]

In contkrast to the above-mentioned yield compbnents, the

‘Humber :of millable canes was‘sidnificantly {P=0.05) lower in

" the intércropp@d plots at the 3 sites. The general <trend

- o . »
was for the number of millable canes to decrease as

’ .rl!'

“

a

e
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Table 35: Grain yield of maize 1n1:-e'rbropped. wi,,ih ra.toon sugar. cane 'Et 3 sites
. influenced by maize density and plant ng Pattern e
Trestment Grain Yield 2t:12% men W
L3
. Belle Rive Umun Park Pamplehoussaa ey
. N B ri\'.
(thal)  |gpantl)  of(tha’l Ggplantd) . Gma)  [(gplangy
o i * gt
Cane at 1.6m . - s
Cane +33% Maiza 2.06 100 1.56 95 2.87 136
.o . ye IR PR ‘
Cane +67% Maize  73.89 104 2.67 92 .11 141
P ’ . - -~
o I ; PO - : )
v Eane at 2.25/095m o -, ;
PR ™ T - n X Aet
Cane +33% Maize 1.96 100, 138 98 - e 3.26 153%
Cane +67% Maize (352 . [96 293 %0 .., |sst 130
Cane +100% Maiza 440 87 3.80 89 - 6.91 113
. N * o
| Sale Maize(100%) 6.01 101 5.07 92 7.80 123
CVI%) 6.6 78 - |18 103 176 102
- . R
SE. 012 Kk [0.27 4.7 0.48 6.8
- RV o b . -
LSD (P=0.05) 037 11 0.84 15 1.44 20
o pe o .
e - } DS,
. T £ S
- v -
IR, -’ §
e W a
ai :
. .
ey o T
o .
\ ke 'T;:.; WL
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. Figure 36 '_: Effect “of malza
r.\, P e ..
Rt T N
e - .VL;'E
A e
. Voo S L ]
K ) CE A ;:'u" T v
Ny r:'__ _\-.‘ . l .
The s:Lte_s. were : Belle Rive (top), Union :
.-?' “.- L\,_' Loyt .j. ) PP
Dar}f: (centre) and Pamplemousses (hottom) I
. o . i l.,.-:&:; . '
' Left : Cane planted in rowS" unl‘:”'o‘r-m-l.y— .t
MR N . g
: o . S a -“$ -~ .
o <. RO -
spaced at 1 6m. ‘ ot R / ;
Right Cane planted - 1n_ pal’red rows
. o )
DR alternately at 2 25/0 95m.
e e . :}:.H". i % e __«. . . . N
The dens:.tles Qf inte;'r“crbppied maize were
33/()() 67%([]) and 100%(A) of sole maize
TLTAR, o *
(62,500 plants/hec’tare) . Bold ldine is for
o 1 "
- win LT owEe ' o : -
‘“© - sole-tane(Q) Vertifal bars are LSD(P=0.05)
. A and are identical for the two patterns of
Ton r % . -
e plantlng cane.
| E e T . - i
S V. s T ' J .
s J. . 8 .t ‘:l#. -
LTS . w T . ‘: cant > ‘..: :" 7
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- Effect of maize density and planting pattern on yield

188

and ],;icld
components of intercropped first ratoon cane at Belle Rive. :
»_: ©[Miltabte Uzt Cane Sucrose Sugar’
1 -
Treatment cane -sZk stalk content yield
J
weight yield
- R ¢ -
Pol. . ..f"\
m™2 kg - t.ha"l Cane tha'l
Cane at 162 Cxet
Sole cane 6.15 0.94 56.1 13.95 6.03
Cane +33% maize 5.33 . |107 58.4 13.98 6.30
1 Clae +67% maize 531 [o9s  [461  |14.50 5.8
. ,_' " : ~;";; . _’_'-; ,
Cane at 2.25/0.95m |
Sole cane 5.65 0.95 54.2 1405 5.88
Cane +33% maize 5.44 0.96 51.4 13.50 5.32
' Cane +67% maize 4.97 0.99 47.1 . "[13.80 5.00 "
: .}:0'
Cane +100% maize 4.14 0.95 39.7 13.65 4.18
-l
., /'1‘*_7_
C.V.(%) 9.1 6.3 9.8 3.5 10.9
SE. -__ . lo2s . |o.03 26 o024 0.29 .
LSD (P=0.05) 0.76 b 0.09 7.3 0.71 0.87
"
" -
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» .
lable 37: . - Effect of maize density and planting pattern, on yield and yield
components of intercropped first ratoon cane at Union Park,
‘ [Millable . . [ Unit Cane Sucrose Sugar
.| Treatment cane ~ |stalk stalk content yield
- |weight | yield
Pol. %
. m2 kg t.ha'.1 cane thal
Cane at 1.6m :

- Sole cane 6.41 1.00 - |64.1 16.98 8.63
Cane +33% maize 5.74 1.07 61.1 16.60 §.01
Cane +67% maize  [5.67 1.00 56.9 16.73 7.56

Cane at 2.25/0,95m -
= e |

" Sole cane 16.14 097 . |59.9 17.05 18.13
Cane +33% maize 519~ [Lo1 |s90° |1663 7.78
Cane +67% maize 520 092  [502  [15.88 6.32°
Cane +100% maize - '|4.91 102 - [494. |1610". 6.21

CV.(%) ' 153 -, 8.2 15.1 3.3 14.6
|SE. "~ lo43  _ [o0s4 |43 027 0.55
LSD (P=0.05) 128 012 {130  |0.80 1.64
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Fable 38: Effect of maize density and planting pattern on yield and yield
components of intercropped second ratoon cane at Pamplemousses.
"y 4 Treatment . | Millable Unit | Cane Sucrose Sugar
1 e cane ... stalk stalk content yield
weight | yield
- .
bt - Pol. % )
v nhx'_z. kg thal | cane ) t.ha"l
Cane at 1.6m - _./
o RS T 1o
Sole cane 9:28 0.90 81.1 15.73 9.98
3
Cane +33% maize 8.50 1.02 84.4 15.48 10.28
Cane +67% miaize 8.34 094 - |750 1538 -~ |8.97
Cane at 2.25/0.95m ’
Sole cane 9.47‘_ 0.95 1841 16.03 10.60
. Cane +33% maize  |9.11 0.93 B1.8 16.05 /---. 10.35
Cane +67% maize  |8.30 091" |19  |1608 7 [9.09-
Cane +100% maize 8.34 0.76 61.0 15.63 7.46
Q ——
CV{%) 7.4 8.5 104 |45 107
] .
S.E. 0.32 0.04 4.0 0.36 0.51
LSD {P=0.05) 0.96 0.12 119 1.06 1.52
%
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maize denSity was-increased but the differences were “not,. -
always significant "P=0.05. At the 3 sites, tnere were no
significant effects (P=0.05) of planting pattern on number
of millable canes. )

At a density of 33 per'cent maize did not Significantly
(P=0.05) affect the stalk yield of 1ntercropped cane at the
3 sites. o |

As maize density was increaaea tcw67 per cent, however, a

N

reduction in stalk yield-was observed at the 3 sites, .the

difference from the stalk yield of sdle cane being signifi—
cant (P=0.Q5) only. at Belle Rive. The further'increase in
maize density to 100 per cent led to significant {P=0.05)
and substantial reductions in stalk yields at the 3 sites.
The effect of intetrcropping on the yield ¢f sugar was
dependent on 3 factors: malze denSity, planting pattern '‘and
site. At a density of 33 per cent, the effect of intercronu
'ping on sugar yield was not significant at any of the sites,
but the effect of planting pattern was Significant at Reduit

~

where yield of sugar was 51gnificantly higher (P=0.05)-in

uniforml?-spaced cane; compared to differentially-spaced
cane. At a density of 6;~§er cent ther effect of intercrop-“
ping on sugar yield was Significant (P=0. 05) at’ Union Fark
and Belle Rive but not at Pamplemousses. The effect of -
planting pattern was not 51gnificant (F=0.05) at anv of the

51tes although there was a difference at Union Park in fav-

our - of planting,in uniformly-spaced cane. Intercropping  of
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cane with maize at 100 per cent reduced sugar yield, the

effect being highly significant (P=0.01) at all 3 sites. " -

3.4.2.3 " Joint responses.

-
L]

Bivariate analysis of variance of maize and sugar yields

-

of the mixtures showed that the residual 6 correlations

. between the yields were -0.18,-0.02 and +0.09q5£ Belle Rive,

Union Park and Pamplemousses, respectively. This means that

-

the background relationships between the vields of thé;two

crops were negligible. Bivariate _analysis of variance
therefore didunet reveal anythinginot already sh;yg;by<¥he
se%érate analyses oﬁumaize and of sugar yields. h

Land Equivalent ﬁ;éios were calcglated_&n the basis of
two assumptions :- . i |
- 1.Two maize crops could be grown seguentially as sole -
crops in-tﬁe time taken by the ratdén cane to mature:

2.The two sole crops would not have the same yields

becagse of seasonal différeﬁges.

The factors used to convert thé first maizeﬁtropayield
intb the overall yield for the entire cyclg wéfé 1.5, 1.865,
and 1.5 . fdr Bellef Rive, J;ion Park +éné Pampleméussés,:

respectively. | * . -

On the assumptions that LER's are approximately normally

‘distributed and that the variance of the LER's of different

. treatments are homogeneous, standard errors and confidence

intervalé have been calculated for each of the mean LER's.

The mean of each LER was then’ cohpared to unity. The
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L

v

e

results indicate that many of the LER's were significantly

i

larger than 1.00, indicating yiel& advantages. Amcng the

LER's there were prébably no significant differences

v
1

39).

(table

|9
=
'
2
4
K
a
. " .:
.-
;
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Table 35 Land Equivalent Ratio of mixtures of ratoon.sugar cane and maize at 3
sites as influenced by maize density and planting pattern.
Treatment Land Equivalent Ratio
Belle Rive Union Park”® Pamplemousses
Cage at 1.6m '
Cane +33% maize 1.27 1111 1‘::28
Cane +67% 'maize 1.29 41.19 ' 1.422 )
R L
Cane at 2.25/0.95m e
Cane +33% maize 1.10 1.07 1.32
" Cane +67% maize |12 1.08 T8
Cane +100% maize 1.18 1117 1.34
C.V.(%) 8.7 10.5 10.1
SE. * 0.053 0.059 0.068
95 % Confidence n ]
interval () +0.12 +0.13 £0.15
; n

* Approximate

-
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41 Competitive relations

L 4.1.1 Competition and yield advantage

195 b Co .-il..,-_-,,_,

Chapter 1V

DISCUSSION

’ ¢ . X, ..
One’ major problem with the interpretation of studies on
intercropping of sugar cane with maize arises from the large

difference in the durations of the crop cycles of the compo-

nent crops. In the 2 trials under review, \(triéls\l & 2)
plant cane matured and was harvested after 16-17 months
whereas maize matured after 4-4 1/2 months. It is evidently

not meéningful -to compare the yield of a mature 4 month

maize to either that of a young 4 month cane or of a mature

17 morth cane.rFor this reason, relative competitive abili-
AY

ties and productivities were calculated for a range of situ-

‘ations offering. each compoﬂent Efpp variable competitive

"\

opportunities. The three_”situations defined in section

3.1.3 are hypothetical, and were chosen to cover a range of
‘ <~ : a -
possible not necessarily, probable, situations. .

.
The indices of=c6mpetitiopl Aggressivity and Competitive

Ratio v measure the .competitive qpility of one compo-

e N

nent creop relative to the octher. In situation 1,gtﬁe com-

petitive ability of maize was calcuated from its yield at 4
et

%

tavy
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months whereas that of cane was assessed from its yileld at
16 months. The cane vyield- thergfore reflects not “Shly
- . . 1

interaction with the maize but also possible compensation

e 'f

afteg'the‘maize harveét. This partly explains why, in situ-
,ation 1, the maize was sometimes rated as the less competi-
tive of the 2 species (table 15) in spite of the fact that
it over-yielded in all mixtures (tables 7 and 8). In such
cases, over-yielding was relativel? hiéher in the cane, pos-
$ibly because of compensation. Neveiggeless, the 2 indices
were consistent cne with the other nd also Qiéh the

observed responses of the component crops.

. S N
A des £ vi . : Y . . .
s an index of vield advgﬁtage RelatlvﬁﬁgfﬁﬂQifg Coeffi

“cient{(RCC) has been shown previously to suffer from one

drawback: the magnitude of the wvalues are not meaningful

(Willey, 1979a). The data (table 16) confirm thic -drawback.

-

Eo;:fiﬁsfhn;e, the largest LER (1.36) was 2.5 times <he

smallest LER (0.55)., whereas the largest RCC value (4.63)
-t e

was 36.6 times the smallest value (0.12).

e

—y [ ]

In‘the caleulation of AfER, it is implicitly assumed that

the average yield per day given by the sole malze in the

"Ttrial can be pbtained over the entire plant cane crop cycle.

This over-estimates the sole éfop yield used to standardize
the mixture yields and hence under-estimates the vyield
advantages of ﬁhe m%xtﬁres. The errors could be correctéd
by, first iﬁcluding in the crop durations the inevitable
delays between one‘harvest-aﬂd the next replahtéﬁion, anc

also by adjusting the yields for seasonahjyariations.,

*

I

e v

el
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B - ‘ i !- frer

“*™[ER, as defined by ‘Willey and Osiru (1972), suifers from
Ex e “_};—

. . L * Ban, . - ‘ .
the main drawback that the differences in crop durations

e Y

tend to.irnflate the yield advantag&s. As has been observed..

Al

by many authers in many instances (Fisher, 1977a; Wade and
Sanchez, 1984), the vield advantages of many mixtures often

disappear or are reduced when differences in crop durations

are taken into account. The results of this étﬁdy (table
16) support this observation: advaltages were obtained in

situation 1, but not in situaticons 2 and 3.

-

In order to allow for the differences i'm crop durations,

it is necessary to estimate the sole maize yiseld that can

~

realistically be expected over the entire cane'c%op cycle.<

In this trial, it ‘was possible to plant 3 sole maize crops.

T —— - .
sequentially; their actual yields were therefore added.+ In

situations where this is not possible, it &Sﬁlé be nebéssary
to estimate seasonal éffecés.

Except in the highly unrealistic situation 1, vyield
aévantages were not- found in the 2 trials. fhis'result is
not;ss surprising in view of the numerous studies in which
it was shown that yield ad;antages did nof™bccur in non-
additive rgplacement series. mixtures. Dondald{1963) has
reviawed 70 non-additive mixtures of pasture crops and has
congludgd that in most cases the .yield per plant of one

o

species was greater, and that of the other species in the

mixture lpwer than those ‘of thé:éole Crops. iééd&ding to

. ’ . <,
Trenbath(1976), such_ results occur when there is“at least

~-

TS

.
LasigE

L+
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available resources more efficiently. There is some evi-
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5
X

eyl b ~e

oné& factor llmltlng growth. The results of the two =rials

T . ’ LV

“show that in the most reallstlc situation (situation 3), the |

n !

vield per plant of cant “in the mixture was larger and that
of maize, lower thdn their sole crop yields.

The absence 55 yield adygglage-in non—additive.mixtures'
of meiee}and suga: cane‘should not be taken to imﬁlx\that'

all mixtures of these 2 species have no practical 'value. It

" does suggest howeéver, that in many of the additive mixtures

- - .

of sugar cane in'which yield advantages have been found (See
Literature Revieﬁ), the advantages may haye been the" result
of the increased plant population densit@gs“rathet-than of

mixing the species per se, as has also-been shown- to be the

r

case with other crop mixtures (Fisher,;1977bf.

4.1.2 Crop responses

The first maize g¢gpop over-yielded in all mixtures indi-",

cating that the maife was more competitive than the youné

.

cane. Morever, Tthe high@r maize yieldE were not the result

~

of a reallocatlon"of dry matter since harvest 1nd1ces Jwere

unchanged (tables 7 and 8). They wnre the result of blqhef

o

production of olomﬂss arid grain. , This 1mp11e5 that “the
maize either made use of extra resources or that it used the

L3

dence to suggest that intercropping may lead to a change 1in
. 1

[

the efficieﬁby 0of resource use. énd even_more evidence on the
”

avaltablllty ofvextra resources (See therature JReview). in

¥

the case of maize and sugar cane, 1f it is assumed that the - -

ro="

=

o

L

-

v
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. > o .
. - maize .made use of extra: resources, was this because the
* s ' . .,‘. . . . f .

resources "were over-&bundant or was this because the maize

out-oompeted the cane-for its share of a limiting resocurce?
ok AL

Many authors have hypothesized that sugar cane 1is success-

s o

fully intercropped with fast growing crops by v1rtue of 1ts

slow early growth. They thereby imply that\ early- in the

]

season, some resources are present 1n excess of the regquire-
- : < o -
ments of sugar cane. It"has indeed beenwwonfirmed that sug-

ar cane grows slowly for the flrst few. months, much slower

than maize(e.qg. Alllson and Haslam, 1982) and that VCaﬁopy

[
closure does not occur untll 3-6 months (eg Loh and Tseng,

1956) N Hepce, sugar cahne may be expected not to make ma}or

et P

V'demands;on growth resources early in the seadgon.

T

The results obtained in these t@ials do not lend much .

support to the view that maize may be complementary to sugar

cane. The fact that the ar ath-of the young cane, aslshown

by.tiller den31ty data was suporessed 1nd1cates that the

ey

maize competed Wlth the cane for growfﬁ resourcas & In the

first phase of growth, corresponalngato-cane germlnatlon and

T . .aarly tiller formation, the maize had no effect on the cane.. =%

_xhia conforms to other reports that show that germination of

cane is not affected by intercropping with other crops {Bhoj

- .
R

and .-Kapdor, 1970; Gawhane and Patil, "1976). It stands to

—

reasoa;that the maize did not compete with cane until it had

grown to a certaiﬁisize“ Adverse effects of maize became

[Py

b

Y. UL s an
T » -y 7 f -

detectable from the 16th'week‘at Bed:le Rive and probably
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well before the 12th week at Bambous, and the™effects per-
sisted for about 2 months. ‘Differences in caneetffﬁer den=

Ssity arising from intercropping disappeared by about the

25th week. Indeed afrter tﬁis time; there were more tillers

per plant in the intercropped plots than in the sole'crops
v . [ . T
indicating that the cane was more competiEive than thé

maize. This driference is supported by the'boor yaelds ot

. “wE

the second and the failuré.aﬁf . thlrd malze crops The--

cause of the poor growth of‘the seccnd*and of the farlule of

by . I
RIghS

m-'-"'

the ‘third maize crops may 6bv1ously be found in the fact

.t
r s
\‘ -

that they were planted 1n ;narea51ngly older canes. The

Far e

maize seeds germlnatnd but the seedlings soon became spindly
LN e *
B I S

and etlolabed n& douﬁt as a result of shading by the cane,

[

and yields ‘were .poor}" The fact that in the trials, the.

crops were. fertlezed separately and water was probably not

et
‘!‘-o

limiting elther at ‘Belle Rive if*the super- humld zone or at

'l-

 Bambous underglrrlqhtlon suggests that competition may have

been for light. 7 ‘

The change 1in c&mpetltlve ability of cane with time has

several 1mportant;}mpllcatlons. Firstly it drebs attention

to what has beeﬁ termed 'rattrapage' whereby ihdtial adverse
. L

effects may be overcome. Setendly, it Fqué%ts that under

certain circumstances, the outcome of tompe;itfoﬁ tetween

sdger cane and_its intercrops‘may be deferé}neﬁ not SQ-

much by what happens when the crops are actually 1in associa-

tion as what happens after the ihtercrops are harvested.

v
- fame St
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Thirdly~. the.xesplts emphasize that time Itself is a factor

u

+ “ o
in competftion; the time dimension is an important determi-,

nant of cane yields, fhrough B the phenomenon of catching up

Le2

or 'rag}rapage'.“,And-finally, the suggestion that maize
“ B X TR Wi e

ip - T e

competes with sugar cane for light points to the importance

I

of spatial relations, in particular, relative size, plant

It may therefore be concluded, gﬁigﬁhe basis of crop

-
LT
T e

responses and of compéﬁitiqn indices, that in. the non-
additive replacement series the maize competed with the
young sugar cane. Hdﬁé?ef, the cane caught up with time in

spite of subsequent maize plantations. This led to the cane

.
i,
b

.Height and leaf display. Lt

producing higher yields than expected on the basis of denéif{

ty planted. Nevertheliess, ‘the higher relative §ieI¢s cf the,
. [ o

intercropped cane was not ad?quate to compensate entrréiy

P

for the reductions in cane density. Yield advantages did

not occur except under an un-realistic hypotheticél situ-

B T

ation. o :
4.2 Resource use
5.2.1 Relative importance of above and below-ground ‘interactions.

It was hypothesized on the basis of results from the

1

replacement seri€s trials (Section 4.1.3), that in these o

trials maize probably competedj%ith sugar cane for liéﬁ%.
The trial with soil partition (trial neo 3) was laid out to

test this hypothesis under set conditions, and the results
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" .a=ishow conclusively that, under the conditions of the tr:ials,

Traw

maize competed with cane for light, not nutrients o water.
The finding-that the partition had a relatively small

effect on the maige biomass and no effééi on the canopy

'y

-'gfqhtjftable 17) may be taken to mean that in terms of com~-

P LI

‘$;§etitioh for light, the competiﬁion potential of maize was

s
T,

st af . -
cane, iIn sc far as competition for light is concerned, may
therefore be assumed not to have been sub-normal. The
observation that at 15 weeks the partitions had been effec-

tive in keqpﬁng the root systems separate indicates that the

- maize could not have competed with the cane for below-ground

resources. Moreover, the finding that&the partitions by

i !

“+Hemselves had no effect ©n cane biomass . table 18) anc
P . o, M

-

iffjtiliering at 15 weeks (figure 11) indicates that the parti-

ot —
RIS

L3

tigns did not interfere with the normal growth of the cane.

1t may thé}efore be cohclgded that all the advqife effects

v

~0of maize on cane observed at 15 weeks can be attributed to

competition for above-ground resources, in all ﬁ%obability,

light. Competition for the other above-ground rescurce,

w

carbon dioxide, has not been shown to occur under field ceon-
ditions, and is certainly most unlikely in the relativel?®
open, wind-blown canopiég'of maize and sugar cane at the

densities used in this trial.

e
. . .

The £findings indicate that the adverse effects observed

I
? -

f&vdﬁfthe yield of cane at harvest were also the consequence of
.;:A. :»-." ) L4 y

“

not much reduced by the partition. The effect of maize own
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competition for light by.maize eariier on. After the maize

was harvested, the intercropped cane was liowed to grow
~normally except for the preseﬁgé of ﬁhé‘;éoil partition.
That the partition did not interfere unduly with the growth
of the cane is evident; firstly, from the Pact that the éane
biomass %£ harve;t,wg% not affected by_the partition (tqb;e
18); secondly,_thé growth o<f the cane,—measﬁfed‘by stalﬁ
height (figure 12) was aIEQ not affected by the partition.
s .

If anything, the root distribution of the intercropped cane

. .
e
*Peaz

was better in the presence of the partition (table '19). -

."_‘

Hence, the adverse effects on sugar yields were also caused
by compefition for light by the maize.
Although the reduction in sugar yield was essentially

through millablie cane and cane stalk yieﬂdf;tﬁé significént

t-éffects on stalk weight and sucrose content must be under-

lined since they have seldom been observed. The reduction.
of stalk weight is consistent with the reduction in héight

and has been observed in other situations (Tse and Shiue,

©1966; Narw;l and Malik, 1981). The feduction in sucrose

content, ‘on the other hand, conflicts with a reviéw of work

in India stating that several intercrops had a sli@ht posi-

I

tive effecﬁ on-sucroséscontent(cill,1963), but is conéis-
tent with other observations (e.g. Mathuri (1975) 'of small,
mostly non—slgnificant reductions (e.g. tables 13, 14,

30-33)

e

s
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The&results support the hypothesis {section 4.1.2) that
time is an important Zfactor in.intercropplng ¢f maiz= and
sugar cane and throw additional 1iqﬁt on the relevance of
'rattrapage’'. At 15 weeks, maize had reduced cane biomass
by about 50 per cent; by harvest time, the ne&yction was

‘ P
Nl h\z-

only approximately 16 per cent (ﬁ;ble 18). The maximum

reduction of tiller density occurredrét 14 weeks and -was

o . + .
equal to 60 per cent; by the 25th week, there was no differ-

]

ence as mortality occurredfin the sole cane but noﬁmin the
intercropped cane (figure 11}. This phenomenon whereby the
«cane, by various means, 1s able to offset the effects of

perturbations to its growth is known to Mauritian cane agro{a.

L

.

nomists as 'rattrapage', a term that 1mplies more than com-

b

pensation. = 'Rattrapags' implies that thare is at first a
negative influence cr stress that puts a strain on the cane
and retards its growth and that, with time, the neqétive
effect disappears through enhanced cane . growth or other

means. For instance, 1t has been reported that intercropped

wheat refiuced tiller density by 66% at 24 weeks but ‘that the
reduction was only 38% at -38° weeks (Narwal and Behl, 1978b)

Compensatory growth plays an important part in 'rattrapage'.

In the replacement series® trials there was strong evidence

of compensation when, for instance, sugar yield per metre

A

increased 'to compensate for -a reduction in plant density

>

-{(tables 11 and 12). Thefe_was no evidence for such compen-

sation in the trial with scil partition:
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The -results show that partial 'rattrapage' took Tace.
s : P Jox p-atc

-

The fact that there was no difference in th§ §ield of sugar
between the partitioned and un-partitioned plots (taﬁ}e 20)
suggests that the partitions had no-effect oh'*rattrapage'.

'Rattrapage’ was not complete for reasons other than the

presence of partitions. : : “
It may therefore be concluded that under the conditions

of this trial, in particular when the crops are fertilized

v

separately and given irrigation, maize grown as one row 1in

»

every interrow of plant sugar cane caugéé*a reduction in

T

. yield of sugar through competition™F

I

4.2.2. Role of ‘nu-tlrri.énts ”

7 L B A

It has already been showna(sédtion 4.2.1) that when nut-
rient supply is adeqﬁate, maiiéy@bﬁpetes with sugar cane fcr
light. This may not necessarily be the case when the supnly
of nutrients -is limiting, hence the trial at Bambous Te
examine the. rq;qjﬂpf nutrjent under "contrasting fértilityy
situatlons(triéi'ﬁol‘é). L

It ;sﬂargued that if cane competes with maize for nut-
rienps;;fhe growth and yield of the inter;fcpped"maize wiil
lbe less thanktﬁat of sole maize and vice véfsaif' Moreover,
compet}tion iéxl;kﬁiy to be more severe, and the dgtrimgntal
effeé%s lérger}“when nutrients are. limiting. Conversely,
competition i; e#;ectéd to be less and growth better if
extra fertilizers are given to the weaker competitor. Tﬂé

addition of fertilizers has indeed been shown to improve the

growth and yiéid of sugar cane. intercropped with cotton
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(Hsiung et al,1963), of maize :(Bhoj and Kapooy

1

2 1970) and of

onion, blackgram énd;EOWpea.(Venktaramangégfﬁlz 1978).

f maize tissues
P . A
gn@_biomasé (figures 13 and 14) were not affected by inter-
3 ' X .
cropping with cane under the contrasting treatments. This

In the trial at Bambous, the NPK céntent

" suggests that the maize and the cane did not compete with

one another for nutrients. It suggests further  that the

maize ‘'did not absorb NPK from the cane rows even when excess
' Wwas present. This contrasts with the‘}eports about crops

"such as sweet potato that at 3 months had absorbed—-labelled

B (Chang and Lai, 1963) and labelled P and Rb (Chang et

'c}éi,1969) appliea'to the cane row. There could,beﬂﬁéveral

"~ explanations for the differences. For instance, the differ-

ence could result from the fact ;hat the sweet potato was
only 50 cm from the, cane whereas in this trial, maize was 80

cm away. It is also possible that by 3 .months the sweet

|

" potato had sent roots closer still to the Cane rbwfbecaugg

it rooted at each node as it-.crept on the soil surface.

Maize, on the other hand probably did not send roots as far

as 80 cm; this was indeed ihown to be the case at Belle Vue

(figure 22).

On average, maize grain yield was significantly less in

" the intercropped plots (table 21}- It can be deduced that

this reduction was not, however a result of competition for
nutrients, for it occurred in the unfertilized as well as in

the over-fertilized maize, and also when the maize was

L
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intercropped with unfertilized &% well as over-fertilized

v ¥
cane. - -

' The reductions in cane tiller density and biomass
cbserved during fhe early stages of the.growth of the inter-
éropped cane are in agreemént with numerous published

reports (see Literature Review) .and confirms .previous £find-

ings (figures 6,7, and 11). The results show that the maize

did compete with the cane, but not for nutrients. This can

be deduced from the observations that the adverse effect of

maize was found in over-fertilized as well as un-fertilized,

cane, :and that ' over-fertilized maize had larger adverse

“.'effects than fértilized maize (figures 15 and 16). Neither

of the observations is compatible with the idea of competi-

tion between maize and cane for nutrients. The observations

can however, be reconciled with competition for light. it
‘ ‘ " .

is argued that because it made greater vegetative growth,

the over-fertilized maiZe competed more strongly for light

" and heﬂce had a larger adverse effect on cane tiller and

biomass.

Competition .for light which has been shown to be ope;a-

~tive under\certain cOnditioqs.(section 4.2.1) inm maize-cane

intercropping systems does \have indirect conseguences on

below~ground interactions. As shown by Donald (1958), com-

petition for light has the diré;t eff@é%‘bf reducing photo-

L .

synthetic‘éctivity and the direct effect of impairing root

growth and the absorption of

E

Yutrients and water. It 1is
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suggested that such indirect effectS'may account for  the

~ ~vinitial reductions in N and P content§ 1figures 13 and 14)’

R !
.0f the intercropped cane. A different explanation is pro-

(Y

posed for the difference in K content (figure 14) and also

L v
for the relatively higher NPK contents after maize harvest.

It is suggested that these are the result of a dilution
effect; as has previously been observed in sugar cane {(Van

Dillewijn, 1952;Lakshmikantham et al,1963;Chang et al, 1969)

and is probably bommon,in plants. On the one hand, cane
biomass increased with time and on.the other, NPK content.

decreased with time and therefore, NPK content decreased'

. with an increase in biomass. As there were.large differenc-

. , e . . _ my .
es in biomass of the intercropped compared to sole cane,
LI ] N Lr (.

these differences could account for the observed higher NPK

1

contents of intercrdpped cane, particularly of the canq'-~

intercropped with over-fertilized maize. Such dilution
. P

effects may be expected to be more marked with K because of

a4
the existence for this element of luxury consumption.
T Nea

The higher NPK conteﬂt of intercropped cane after maize
harvesé.coﬁld also have arisen ‘from absorption of residual
NPK left in the maize rows. If this did ‘ogcur however, it
was not reflected in sugar yiéld aﬂq wielﬁ components. In
view of the effects oftdfoughtniﬁhis possibility cannot be

ruled out.‘

Not withStanding the effects of drought, one unexpected

result should be underlined. .The stalk and sugar -yields of

oo f W
o te

KX

AR
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-tions in‘Maurltlus. They suggest that, since the maize does

209 , '

cane was increased slightly when. the cane was intergrépped.

. with unfertilized: maize and reduc¢ed slightly with over-

' fertilized maize (table 22). It is hypothesized that this

effect arose. out of an interaction between intercropping and

dfought. The sole cane ‘may have suffered more from the

- ~

drought because it had a.:_khiéhezf.vegetative' growth at the
time drought 05curred. The cane intercroppea with unferéi-
lized maize had a much'lgwer'vegetativé-growth at the time;
and s; may have suffered less. The. growth og the cane
intercropped with over-fertilized maize, on thg»othgr‘pand,
had been so affected that it could not catch up.in:;he face
of'drought; » .

The results of the trial suggest tHéfefore that the maize
did,gaflhompete with .the cane directly for NPK alt%gugh it

may have had indirect effects via competition for light.

.‘\, . -

- -After the maize harvest,” the cane may have benefited from

residual NPK applied to thegymaize, but this -point needs

~clarification because of the complications arising~{rom a
. Ca . o : il o -
_possible dilution effect and alse from the occurrence of

. severe drought. Direct tracer experimeﬁﬁs,might be a™way tQ&;

‘-lr'

confirm some of these results.
- ’ . Cigaiv .
.The findings have profound agronomic and sqcial implica-

. s e
- 4.

. ) . .‘_/ ey 1;:_
not Rave dccess to NPK placed in the cane?fows, land-owners
R oM . -
L . P i
renting out their:sugar cane interrows for the purpose of
- t‘
e ., P o
-. ‘a ’ \

—ah - -

(g

~ “_

_Likewiseﬂ the cane did not compete with the mai;éffor NPK. -

N

A

i

o
i

b 1
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‘

intércroppfng need Mot fear that maize will "steal" NPK

applied to. cane. On the other hand, the NPK applied teo

“*

maize is not of immediate benefit to ‘the cane although the

cane'may eventually make use of the residual NPK. -There-

fore, the fact that the malze is fertilized .does ﬂot mean

- “a \““

that bhn rate of fertrllzer to the cane can automatlcally be.

- ,,-'tr
reduced.

4.2.3°  Role of water S '

-1t has been shown already (aection %.2.1) that under con-.

(S
ditions of adequatepwater supply, maize competes wWith sugar

. . i \ =g
cane for light, not water. Moreover,,atﬂwas reported (sec-

SR
- ". *

tion 4.2.2) that the indirect effeCts;of competition for
light are also impoftant on underground interactions, espe-

cially under non- optlmum ‘water supply. ;‘

it
Results of the trlal at Belle- Vue on the role of
it .

water{trial no 5) show that there were differences in the

biomass, harvest index and maize grain yield as a result of

" the water regimes (tahle 23), and hence that in the rainfed

plots, water supply was not adeguate -in spite of the
! e A

heavier-than-normal rainfall (figure 21). The response of
Sels

the maize to 1n?)zcropp1ng was identical in thnfralnfed and

in the 1rr1gated plots, showing that.the maize neither ben-

afited nor suffered from théaassociation with Cane-_ that

is, the maize grew independently of the cane. . This 15 sup-

ported by the finding that the rooting pattefn of the maize

° L ~r

was not changed-as a result of Jdntercropping (figure 22).

p
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Even though the maize depleted soil water faster than the

- 4F

cane as shown by the lower water content under the sole.'t

maize (figure 21), the maize did not_appear to have had more
of ite§ share of water when associated with sugar cane.
This ehggests,thet the volume of soil expleited by the maize
probably imposed 5 limit On.water.ebsorption and aleomthat

water movement may have been limiting in this sdil o
. .

The finding that the maize roots did not extend beyond 70

cm explalns why 1n the previous trial at Bambous (sectlon“

4.2.2), the maize dld not absorb nutrlents present in large
- .../

amounts in the cane row 80 cm away It 1nd1cates that one

of the conditions under which direct competltlon f;tlbelow—

grouﬁd resources is not expected to occur iszwhenithe maize
¢ . ;

rows are at least 70-80 cm awa?; .

. In contrast to .the observation that intercropping had no

. LI
effect on maize irrespective of water regime, the‘effect on

-

cane showed a limited dependefice on water regime. During

the early part of the cycle, when the maize was actually

present, there was norevidence. of an interaction of inter-
. A -

cropping and water regime on‘'.cane.tiller density. Tiller
. A . - .

formation ceased altogether in the intercropped cane £from
the éth week to the 18th week, even under conditions of no

-

water stress. This shows clearly that at that time, compe-

ey

- tition for water was probably not the cause of the reduction

in tiller den51ty Thls adds further support t¢ the con-

- 0

clusion (section 4:2.1) that competition for light is the

t
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main cause. of reductions in tiller dené}ty. Nevertheless, P

-

there was some ev1dence of an 1nteract10n of 1ntercropp1ng

.
-....““.

with water regime durlng the ‘period" when ﬁhe_‘malze was
Q?esent. For instanee, spindle elongation (figare 20) was
edversely; affected‘by iﬁtercroppinq in the rainfed but not
in the no-stress reglmey 1nd1cat1ng ‘the development of water «

[

istress in the former but not the latter case. Another exam-

F

‘Ple of a similiar effeet was Sbserved wkth cane biomass at

* L
.

- *"‘"'; . BT
16 weeks (flgure 19}, Thesenobservations need not, héwever,
10
imply competltlon for water; . : they  could - reeult from the
..‘ ~r ‘{"-

1nd1rect effects of competltlon fer light. As mentloned

fo o fda
- LR

Ak : — : "
previously: (eection 4.2.2), a large decreagse in -derial '
parts€in this case, number of tillers .and biomass- as a

result of shadifg may be expected to be associated with a-

[ 220 L

decrease in root'&fowth. Indeed, there was a slight reduc-

. Tower N
tion im' root density of the intercropped cane (figure 22).

LR O

The indirect effect of competition for light is alsc shown
by the fact that the reduction in root densit§ was observed
not only in the rainfed plots but also in ”the no-stress
pl?ts ig wﬁich eompetition for water was unlikely.

Intercropping also interacted strongly with wdter.regimehvﬂhﬁ
P o .
.dfter the harVest and removal of the malze i.e, after compe-

P

tition for 1light had ceased. In the 1rr1gated plots, 'rat-

‘a tas -‘—-a

tfapage' in tiller density was rapid and almost complete

whereas in the rainfed plots, it was slower and 1ncomplete

- 10.--

(flgure 18) An 1dent1cal dlfferentlal response was found



- -
- . . b
; 213 | PR
X Cogogr, = 1" i . N o . -
w Ve m maT A , . .- e

.o o N
o . o . - Dt

‘(:!léh cane biomass (figure 19). " Confirmation of the "fale of.
-

water in rattrapage was obta.‘..néd WJ.th yleld data {table
_._724.).'-;f._Ef'ul,l\-‘cane and sugar ylelds ‘Wgng--;‘?'J'obtaJ.ned from the e

intercropped plots under*noé-stress conditions but not under
- X t ' R L

the 2 other water regimes.. Such complete rattrapage has
Tnoe Malsc;'"been obs_ervéd in South Africa after intercropping with e

bean had reduced caneé®growth in the first summer and favorar: .

ble rainfall was registered in the second Summer (Leclezic: "V

et al, 1985). P S
The results show that although maize proba’b‘l‘y' giid_‘:;x;c;t I~
‘compete with''the. cane for water, the intercropped cane m&Y |

-

Tstill have suffered from water stress through indiréé't
effects. FIn- spite of a. la‘rd’e reductlon in growth early 1n

the season resulting from the assoc:latlon w1th maize, the

o vt

ca"ne wa's hevertheless capable of giving a full yield 50 1ong

as the’ watar supply was not’ llm:Lt:Lng.
A . _ y P

4.2.4 Role of light o ' . | [

Attention has been drawn by many authors(e.g Van Dillew- ‘o

-'[,'

n,..1952; Thompson, 1978) to the fact that the sugar.-cane . L

canopy does not close in plant cane until about 4 to 6

4 L

months. From® Ehis_,_- it may be deduced that for several
months much light *is. not interce-p“'ted and would be wasted -

were it not for intercrops. Whereas in certain circumstan-- -
. . . . ~'.‘_- ,nl-:' .
ces the intercrops are. imdeed complementary to the cane in

x - v

(2
PR

light "use, 1in other circunlsta‘fxces the intercrops compete
with the ‘cane for linjht by. shading the cane. Although sev-

eral researchers have observed that the cane was shaded by

[M. I\
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“cumulative transmittance was approximately linear (figure
o AR 5 ' .

Skl
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. ' 3. . L co
intercrop (eg.Tang,*® 363 Tse and Shiue, 1966), nc evldence

has been publlshed Lo date. In particular, the magn:tude

TN

and tlme course of shading had not been measured.

.n'-d

Resultségf the trial at Reduit (trial nQuf__ronelrmed

that maize casts much shade on the cane (figure 23). The

‘1‘1

time course of shadlng can be related fo the growth in size,

particularly in height oﬁgmalze. NOvefr9ct was measurable

e

urttil the malze was about 30cm, atﬁ&4 ﬁweeks. Thereafter

. 2" ."1'

shading increased with tlme until the- malze tassellec and

growth in h81ght,»stopped at about the 8th week. The extent

»

,ef shading diﬂ'not increase anyufu;the; gfter 8 weeks. How-

'

DA . o . S . f .
ever, shading was more severg at the higher than at the low-

erhmaize density, no doubt-because’%f:the\denser canopy of

the former. These results suggest that shading may e more

- WoTa
.

severe with taller, later—maturing,ﬁleafier maize varieties.

-

N K
Shading of intercropped cane wasvassociated with a retar-

dation or, in the case of intercropping with maize at  the
highest density, the complete stoppage of tiller formatieon

(figure 25). The relationship between tiller density and

37). Tiller formation was serisitive to =mall chanaes

i o

transmittance, and stopped altogether .when cumulative

transmlttance dropped to about 65 per cent. Howevelr, the

L

relatlonshlp was different for the 3. malze densities,

s X -
v ,, e

,,;-

result of a dependence on time; - forf. lnstance by the tife”
e .
. ,f.".;'

wr

is, the lines in figure 37 do not ovetlap‘- Thls may be tne
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{14 weeks), the cUmg%ap}ve1meqn;%ransmlttance dropped to 80
per cent in the cane 1ntercr6§§é&fwith_maize at the lowest

e vl

density, tiller formation had progressed to 15 tillers‘per
{ s
" square metre, whereas with maize at the highest density, at

6 weeks when cumulative mean transmittdhte dropped to 80 per

cent, tiller dEnSii¥\‘daS less than 5 tillers per sqguare

metre.

The dependence on time was also evident in the plots of

.relative tiller dens%tiﬁ against relative cumulative mean

FRYH

transmittance (ffgﬁre 157). The relationsHip was biphasic

indicating, .that. 2 procésses may be affected. At first an

increase 1n shaﬁﬁhg led =0 only a slight decrease in tiller

k;ﬁumber-'the germination phase~ Later, the reduction was more

’ . ) . . . t N
pronounced -~ tThe peak tillering phase. .

As’ fdundA.in previous +trials (figures 11 and 18}, <the

tillering abilitvy of even %he very shaded cane was not

impaired. This was shown, by the rapid resumption of tillier
forma:ion after maize harvest. However, complete rattrapage
-, e :

in tiller® number did not occur until the 32nd week, by which

Ca LS

time the cane has started to @&longate. It is postulated

' p ¥ e ol -

that it is at about this'té&klﬁwhen elorfgation starts, +that
l:‘b" N - .

the nuniper of millabie cane is determined. When elongation

LT
.

szarts, the taller the cane stalks the better their competi-
.. ' ' . 1 . i - N
tive abliity. and therefore their chance of-<surwvival. From

-

- - . . » a - - -
figure IV, :T may perhaps be predicted that :in the spie

[

care, all stalks greater than 65 cm would become millable

i
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Figure 37 : The relationships between .a) cumulative mean

L]

transmittance; and tiller density ahd b) relative

—_—

cumulative mean transmittance and relative tiller
 density of .plant sugar cane as affected by

.‘::“".ﬂ,—'—“' ‘ intercropping with maize.

Treatments were : ,

- vi  Q : Sole cane.

A :k‘.-'C:'ane; e mafze at 15,625 plants/hectare.
A ;' Cane + maize at 31,250 pl_antg/l\mectare.
. S
"0 : Cane + maize at 62,500 plants/h:%é_.
The labels are the .times after planting cane in

weeks.

ks
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cane. If such a . prediction was also applicable tc¢ the
{ . )

A IEPN

intercropped caney the effect of maize on millable zane”
. KO T "

observed previously could then ‘be explained 'through an

effect on tiller.-.Even though rattrapage in tiller number

is complete, it sSometimes occurs too late, at a time when

elongation has started. As a.result of competition between

i

the tillers, the first formed and taller ones out-compets

the late-formed andjéﬁaller tillers. These die.‘ The phe-

nomenon 1is ;aentical. to what occurs 1in stands of sole

cropped sugar caﬁéf As elongation starts, the taller stalks

-

shade out the smaller ones(Van Dillewijn, 1952}. If the-

tillers are formed later, after maize harvest, for instance,

-

their likelihood of survival is even less.

4.3 Temporal relations

The ‘need to study competitive relations in time as .wall

L

as in space has previously been emphasized (Willey, 19%%b,.

The role of time in intercropping%of sugar cane has heen

?

o

alluded to by various authors (e.g. Kanwar, 1975; Dakshin-
das, -1975) when they sﬁate ‘ﬁﬁgt early-maturing crops zZan
successfully gé intercroppned with sugar cane because ol :its
Siqﬁ“éarly growth. The practice of relay-intercropping of

" sugar cane wit&zother crops e.g. cotton (Hsiung et al, 1963)

is also;based on manipulation of the time during which <the

[

Vi

4

crops interact. In the preceding sections, two critical

®* important £findings involving the time dimension have Leen

-
L
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ey
discussed. ' Firstly, maize competes  with cane for light
because of the faster growth, pérticwlarly in height, of the

maize (sections 4.2.1 & .4.2.4). Secondly, with time, the

cane catches up (sections.&,2.1 & 4.2.4). . ‘

Tper
Inﬁﬁéuritius, maize is usually planted at the same time
as cane. However, it could Be argued that the deleterious
effect of maize on cane could be minimized by reducing the

s

duration of the interaction between the two crops. Earlier

planting ¢f the maize would lead tp its earlier harvest, -

less effect on cane tiller, ﬁére time for the cane to catch
up and hence, less effect on yield. Délayed planting of the
maize might alsc be expected to have<less effect on tiller

density because tiller formation would be well under way by

the time the maize startéd;Shading the cane. In the first.
- A .

case, the time during which the crops interact would be
reduced;“in the second, the cane would be given time to
become more competitive with the maize.

At Bambous but not at Reduit, maize yield was reduced
when maize planting was delayed to 8 weeks after cane. This
may be rélated to fwo observations. 'Firstly,_the cane at
Bambous Qas‘planted in April at the end of the. summer, and,
as shown by the rapid increase in tiller.number.during'the
figst i2 weeks“ (figuré 28), it grew rapiQ}y wﬁereas at
Reduit, the cane .was planted in Auguét and its growéh was
less rapid at first. Secondly, at Bambous thé'maize was

planted in June near the midd{?.of winter: it grew'slowﬁy,

Sa
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lts cycle'was lengthened (19-weeks) and it was not harvested
. until 27 weeks afterfthe cane plantathn whereas at.Reduit,
-the.maize_was plantediat the end of September at the end of
winter: it grew faster its cycle-was short (15 Qeeks) and
it was harvested at only 23 weeks after the cane plantatlon
These two.observations 1nd1cate that at Bambous the cane may
‘have been relatively more competitive, hence the reduction
in yield of maize at Bambous but not at Reduit. Conversely,
at Reduit the maize may have been relatlvely more competi-
tive, hence the larger adverse effect on cane tiller at
Reduit than at Bambous. ) |
As was postulated,, at' both sites, the effect on cane
tiller density of early planting of maize was not as marked
as simultaneous planting. Howeeer at neither site did this
difference in tlller den51ty lead to a 51gn1flcant differ-
ence 1in yleld. It 1s suggested that ‘at both sites, the.cane
‘1ntercropped w1th 51multaneously planted maize was itself
able to catch up fully As was also postulated, at bgth
sites the adverse effect on tiller density of the maize
planted at 8 weeks after the cane was less than that of the
simultaneously planted. maize. Yet at Reduit, the yleld of
the cane was less in the former. ThlS result dlffers from
e e
that of Tang(1963) who found that delaying the plantation
of sweet potato in ggne 1nterrow5 by one month led to an

improvement in the yleld of cane compared to simultaneous

planting. It is suggested that at Redhit, the late-planted

\
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malize méy‘have had ogher adverse effectgiﬁesiqes the reduc-
tion in tiller'numberl These effects were not investiéated“
but are probably related toﬁ;educed pho%osynthésis.

The results indicate.iﬁﬁgt ‘delaying fhe plantation of
intercropped maize was of no value as a method for minimiz-
:ing the adverse effect on cane. If anything, it leadé to
lower maiéelaﬁd/o}.qane-yields. Planting the maize beforé
the cane, on the éthér.hand, was‘neitﬁer advantageous nor

practical.

4.4 ‘ Spatial relations and productivity of plant cane mixtures.

4.4,1 . Competitive gffects

+

In 1984, the average maize grain yield in Mauritius was

about 4 t/h§  {Govinden and Mauree, 1985). Therefore, the

" actual grain yields produced in the ttrials in the sscond

season were excellent whereas those of the first season tri-

-

als were_'low for experimental stations. The yields per
plant of intercropped maize relgpgye to sole maize were
higher in'the first than in the second season {table 29).
This difference may be attributed to either one or both of
two- causes: hfqherrrelative yields per plantlof intercfoﬁped

maize or -'lower relative yields per plant of sole maize.

Intercropped maize may be expected to give higher relative

\ayields per plant if competition from sugar cane ,is less in

the first than in the second season. 'This may have been the

case since the growth of cane. was shoger in the first season

fe
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i . . : . . l‘.‘.::' :rsl_,,
as shown by the longer time taken to reach;égak-tlller/ n-

- ' .“‘
"sity (figuresJ 2% and 30)7" 'y Alternatively, Yower: reld®ive
: . . Cal

[

. . » . . ¥ . . . .
aole maize yields per plantﬁqay arise 1f competition 1s more,

: s : . ; . ; . : S
severe 'in the sole maize in the first than in' the second

W
.

season. For instance, light is more likely to limit yield
A A

in the first season because the grain filling stage occurs

in the middle of winter (June~July) whereas in the seéohd

season it occurs in the middle of summer (November-" -

December). ”i
. g
Higher intra—specifiq;competition for lighttas a result
of overcrowding may also"bé the cauée of‘the relatively low-
er vields per ﬁlant of the intercropped haize at 100vper

cent. That it was not due to higher competition from the

cane is evident from the lower growth=and completeé inhib-
. . I - v
ition of tiller formaFiqn in the cane.

As showq‘in the previcus section (4.2.4), shading of cane

ke

increased as maize density was increased and this in turn

A

led to further inhibition of tiller fdrmétion. Much of the

effects on tiller density of the cane may therefore be
o . . o
_explained by diffgrences in shading conseguent toc changes in

maize&densit& and'planting pattern. For iﬁstan;e, i* is
squeéteé t af at 33 pi: cent, maize had slightly less
effect on tiller depsity of uniformly-spaced cane'éhan of
differentially;spaced cane because thé maize rows were fur;
. ther away (110 cm) from the cane rows ,in the former thaﬁ in

”the iatter cacse (BOC cm) .

=

=
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'”LrREwlse dlfeerences in intra- spec1f1c compe tition may
. A

[

"

account far the relat*vely hlgher grain’ ylelas At 2 sites of
i : i " e

mixtures of, 67 per cent malzewin unlformly-spaced cane com- Hin,
o . e

pared to <the same mixtures’ 1n dlfferentlally spacea cane:
"? V\ “” = . ™ . vy
the two maize’ LRWS were :urtqer ﬁpart (1. 6m) in the flrst

I

.

than in the second cdse (O 8 m). 14

s " N

Ihe Lnasuits‘ df the 4 trlals conglxm prev1ous findin@s

a(sectlons 4.2.1, 4.2. 3 sand 4.2, 4) that sugar-cane retained

\ s

its ability to rapldly resumé: tlllerr formatlon after thé ‘o

Ter ——

removal of?ﬁhe maize. 'Rattrapage' was higher in the first

than_in}phe second season trials (figures 29 and J30) but in _
. ‘ ) . ‘ -:N_.

views of the many sourceés of variations between the trials,

% s . '

it -»s not possible to attribute the differences in rattra-

‘page in tiller number solely to seasonal effects; site and
’ R

varietal effects seuld also have bEen‘importantﬁ

'Rattrapage’'“iswas however, not evident in s¥#alk height
1

(figures 31 and 32). There were small,  s.metimes non-
S

siqnificant differences-in stalk heights at the beginning Loy

“ k)
g

of the eLongatlon .phase thus conflrmlng prev1ous observa-

tions (figures 12 4and 27). The dlfferences were maintained
until very late in the. season when thefcane flowered and

measurement was stoppgd. ., These results paraifeied xhosefbf
,-',;' !1 : ". -~
Black (1957), who found that when subterranean ciover was |

,-_.,. vl
L ’
grown as- spaced plants from small and large.seeds, differ- -

Rl

ences in dry weights observed at planting were maintained

until harvest. .On the other hand, in dense swards, compet:i-




ot

]

tion started earlier in the larger plants and by harvest ..

time, there were no. differences in dry weights of .plants

from small and large seeds. ‘ The absence of rattrapage in

“ i\

stalk’nelght lhereeore suggests . that the average level of
competition in'the sole and’ the intercropped-plots may have
been simila;:ﬁalthough there were fewer stelks in the lat-
ter. This was codfirmed at harvest when the number of mil-
lable canes/was found to be lower in the intercropped plots.
The results. suggest that a reduction in millable cane 1s not
compensated for by longer stalks.

Sugar. yield is dependent on 2 components sucrose contentr
apnd cane stalk yield. In none wof the ¢ trlals were there
significant differences in sucrose contents althodghiat Bam-

;

. ks
bous and Pamplemousses there "were-trends fo‘ intercropping

to. reduce sucrose conten* The flndlngs confirm prexlous
- -

4
“

S

reports {(Misra, 1964; Pillay,1980), and earlier“ result

tables 13 end 14} that maize intercrops had little effect

on sucrose content. .The variations in sugar vyield were

therefore more closely‘issociaced with wariations 1in cane
stalk yield which was itself determined by the number of
millable canes and not by unit stalk weight.. The_resuite.
are ;n accordance with those of Seopramanlen (19?9)' who
found that in Mauritius, the ndmber of millable;canes was

the main determinant of var:etal differences in sugar yield.

At harvest, there were difierences in the number of mil-

~lable canes even though in the 4 trials at the 40th week or
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earlier, there wére no differences in tiller number. This

vl W P

. ey o ) . " .
apparent coritradiction arose because ald- live tillers were

[
counted but many did not become millable canes, especially
FRY o .

in the intercropped plots.

Some of the results may perhaps be .¢ompared to those’
f ke

-

obtained by Pillay(1980) in the second .season under irriga-

. :
tion'at Ebéne, a site located 2 km from Reduit. Of his 8
maize t;ga&ments, 2 are comparable in densitﬁ and planfing:_
pattefn to 2 of the treatments in thg.present study. Hig‘“
,;rggtment cof 19.0 maize plan_ts/m2 grown as one row in éver§
;ééFond interrow of uniformly-spaced'can& iS\comparable to
tﬁé treatment of 33 per ceﬁp maize (20.8 planﬁs/misuﬁgSiéi-
larly, his treatment of 37,9 piants/m2 ﬁay be‘comparéd‘t;
the presentl67 per cent malize (41.7 planté/m’). uHis:maiie

¥ L

. PR . .
vields were’ even lower than those obtained in the present

- - . (]

first season trials, probably.on account of higher suscepti-
bility to .leaf diseases Qf the{ggpgfe'crOSs hybrid: United
530 compared to U~R14 used iffthe present study. With the

13

first maize density (19.0 plants/m*) , he,jg@hd no Eignifi~
cant effect on cane stalk yield at Ebene, as,was confirmed
at Bambous and Pgmplemousses, but not at Reduit and Union
Park. Witﬁ;ffs,;econd maize aensity (37.9-plants/m:); he
observed a 17 per eent reduction in cane yield comparable to
thé 19 ger cent reduction-at Reduit and tﬁé.lﬁ per cent at
Union P;}krlbut'not comparable to the results af Bambous and
P;ﬁplemouses wher?‘the t:éatment‘héd ne significant effect

g

s -
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" on cane analkﬂxleld The dlfferences in the results could
A N )

o—

»

ol

,:,t'\
arise from differences in 51te,_maize¥war1ety or even cane

1)

variety which Pillay did not report. Unfortunately, he did

not report sugar yields either.

4.4.2 Total prod(lctw:ty and yteld advantage

(
The major objectlve of the trlalsL Was to estimate total
l .
productivity.and hencelto determigerrpfgher there weqahgpy

=

advantages in mlxlng th¢ crops The basis of comparison was
either one or both of tie solb*tﬁ%ps Sole ¢rop yields are

however, not considered in the*btvarlate ranalysis of vari-
7\(

ance; hence the analysis did not déet the objectives of the
ey .

trials. 'The bivariate analysis of Variance served to com-

-

pare the joint yields of maize and sugar of the mixtures

after the removal of a possible source of variations due to

:

the residual correlation between fhe'yieids_of#the 2 Crops.. .,

At Bambous, ' this . residual correlation =~ was guite
- - - . N H

.high(r2=0.66). It is believed that it arose because of so0il

-

heterogeneity; Bambous is a newTylopened station and the

land was being cropped for the first time. In spite of the

" high residual correlation at Bambous, there was no‘change in

the interpretation of the results, the separate ﬁﬁélyses of
the yields of the component crops having already shown that

there were highly.significant differencés in maize yields

but no significant differences in sugar yields.
Total productivity and_ yield advantages were assessed

4

from. Land Equivalent Ratios. In order to take account of



the difference in cyclé of ;@%htwo crops, the sole maize

‘'yvield used .toc standardize the mixgpre yields was estimated
: R v

on the basis of two assumptions. "The calculations involved

multiplyiﬁg the sole maize yields by a factor equal to more
. s ' - .

C 5 _ r
than 3 for first season triais (3.5 for Reduit and 3.15

for Bambous) and\less than 3 for second season trlals (2~65

s nu".

m
" for .Union Park ana\%f5*f’% Pamplemdﬁss&\z before standard-

ization of the ylelds of the mixtures. Thls Teant that from

v B
Yy e e

2.5 to 3.5 unit. increases in ré;aine malze\ yields were

. ' L . 'y L :
requ1red' to compensate £;§“ each unit ‘decrease 1n%49ugar

,,. . T e I

yielé.. Thls expla:ns why yleld advantageS'were rarei»and
. , w i

when found, only modest in magnltuder (table 34). Uﬁfcrﬁu-g1,

nately, the results could not be COmpared to results pub-m

lished in the ljiterature because in most published reportsy'
. _ . - ‘

the second sole dgop yields are not ¥ven. ' In the .excep-

tional cases where they are.givgn, there were no estimates
of the-yield of the second sole cro@é"over the entire cane
crop cycle. It is suggested that much of the yield advan-

tage often reported may have been exaggerated because of the

faiiure to consider sole crop yields over the entire cycle.
'Oﬁkyhat Union Park were;yield?ibgéé;}observed with inter-
cropping. These were associated withlvéfy loq)relativeigug-
‘ar yieldsf It 1s suggested that at Uniun ?a%k,-rattrapage
may have béen less than at the other sites because the site

itself js only marginal for sugzr‘cane. Uﬁion Park is cool

and wet, and has a poor, shaILow‘%oil-(FAO and MSIRI, '1973)./
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«indeed, the yield of sole stgar cane itself was relatively

e TR 4 N LN

e TR S e

&o&rlparticularly in the differengiﬁlly-spaced cane rows,
: m T : : T

At—Usndion Paxk,'P&mﬁlémoussés and Bambous, tkhe best mixtures
were thcose of 67_pef cent maize in‘ETiformly—spaced'éane

%p?fh had neither the highest maize nor the highest sugar

-

yields. This suggests that a compromise may be necessary

between high maize and high sugar yiéldsfi The implications

"~ of thﬁse and othér findings will be discussed in a subse-

*,

quent section (4.6). At Reduit, there was not much differs

encesbetween tHﬁTL 's of the 4 mixtures although maize den-

. sity; varied from 33 to) 100 per cent. The cost of growing

the maize at these densities is ‘therefore likely to ‘have .a

large effect on the choice of a suitable mixture.

4.4.3 . Economic evaluation - ”
2 "

The economic evaluation of the intercropping treatments
was based on parameters and ass.mptions giyen in Appendix

II. Gross margin was chosen as a suitable criteriéb.for thed

. ." ’ ’
comparis®n of the treatments. 1t was preferred ovyer .net .

profit because of the d®ficulties of estimatinéﬁflxed_costs

which may be.very variable from site to site. The gross

" _margin of sole - maize ‘was not included 1in the analysis

because several additional assumptions were reguired to cal-.-

. ' El ' . [ - N
culate the variable costs as continuous- cropping of.. sole

maize is not presently practised in Mauritius.

-

There were large differences in the drosirmargln‘of sole

»
. -

méiie (table 40) whichﬂyas higher in the second season and |

F. 3 -

)

i)
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much lower in the first season than that of sole cane, prob-

- Lo
ably reflecting "the  seasonal differences . in sole maize
yields. | In 3 out. of 4 triak§, there were signifidant

(P=0705) differences~in gross mafgins of the treatments; the

eXception was Bambous where differences were not significant

at P=0.05. At Reduit, only in the mixture .of 33 per cent

~. .
cane was the gross margin of intercropped cane at par with

that of sole cane; this was the treatment that had the high-

"~-...,‘ﬁ'; L.
gst suga? vield. - A* Unlon Fark and Pamplemousse - the mix-

Fl

f=}
ture. glVlng the, hlghest gross margln was that of 67 per cent

maize in unlformly spaced cane. Ihus,.ln the flrst Season

. trials, there was no economic justifigation for the adoptisn’

.

“'of intercrepping. If " for some reasons, maize was reguired,

it could equally well be grown a5 a scle crop .Or an inter-
2

crop: In the lafter cas¥&, the best system at Reduit was one

¢

row ‘of maize in alternate 1nteqrows f33 per cent) of

- f..- »
. v

. L z \-'..
'iunﬁformly Snace@,cane whereas at Eambous several alterna-

-
# -

" tlves Were.equally aacentable although there was probably a

e b -~

.small advantage 1n favoﬂr of one row of maize 1in every

interrow (67 per cent) of uniformly-spaced cane. In the sec-

fqu‘season at Union Park, there may have been a slight eco-

nomic advantage in favour of intercropping but only in the

4

.. case of 67 per cent maize in uniformly-spaced cane. This

- .
LI .

treatment was economically Vefy attraetive at Pamplemousses

where'additidﬁally, cane could:be planted in dif%erentially—

.-

spaced rows so long as it was intercropped with 67 per.-cent

n -

faize. . : .

P

WA

-8
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Table 40:
with maize at 4 sites
denslty and planting pattern.

Gross margins of plant sugar cane

intercropped

¥

as influenced by malza

Treatment Reduit Barabous Union Parl;c Pamplemousses
Rena216%) |9 [(Rabal210%) | [(Rabalx10%) @) |(Rsbalxiod | )
Cane at 1.6m el .
Sole Cane ¢ 413 " [100 |476 100 297 & 100 {307 . s [100
Cane+33% Maize {396 9% |483 02 (297 |10 |38 e |123
Canc+67% Maize 343 83 |506 106 '33.15 |13 462 150
. Cinon: - \_ )
225/095 m T, ]
Sole Cane ns 9 |62 97 1&7{ |63 |28 94
.| Canes33%Maize - R Py " v 1104|263 88 |367 119
Cane+67%Malze~ . [329 o |476 100 |29 e |98 [430 140
Cane+100‘i’oMn}_u;- . | 302 73 |463" 197 [3089 - Tics (383 125
Sole Maize s .
(3 cropa) * 150 165 . 38.3 434
CV(®) les |liso 159 "tz
SE. 20 TN |as 23 - 26 9
LSD. ’ i
(P-0.05) 87, 13.8 6.7 77 g
LSD. T
(P=0.10) 72 112 55 6.3
* Not included in analysis. . / \\
e - , ”;‘1 _
N '
.—.( .
'? . S
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4.5 Spatial relations and productivity of ratoon cane mixtures.

¥

4.5.1 Competitive effects.

In Mauritius, intercropping of ratoon cane is not nrac-

A

tised in the first maize planting season Fﬁgrch-April)
because there are ﬁo y9unq“§étooﬁs at this time;”thég do not
occur until”cane i$ gérvested starting as from July. The .
three trialé in ratooﬁ sugar cane were therefore in the séc-
ond season. Of the three, two were at the same sites,ﬁQpﬁon;
Park and Pamplemousses, as the two second season +triai% l;;
plant sugar cane (section 4.4.1). Although comparisons
between the resuits of the two pairs of trials cannot be
made on the absolute responses because of possible year X\
enviroﬁment interactions, the comparisoﬂs can be made on
relatiGe responses such as for example, effect of inte:crqp—
58
ping on tiller densiEy oL sugaﬁxyield. -
Althcagh'ratoon caﬁeigrows faster than plant cane, there

-was no evidence' in the trials that the effect on maize yield
. [

of the ratoon cane was different from that of plant cange.

- -

At Union Park and Pamplemousses, the_effect of ratoon cane
on maize grain yiéld {table %Q), meas;red as yield per plant
of jntercropped‘ﬁaize relative to sole maize was not differ-
ent from the effect of plant cane previcusly observed (table
29) at the same sites. This showed that the cane Bad little
effect on the yieldubf maize, thus confirming earlief_obser—

vations (sections 4.2.3 & 4.4.1), and suggesting that the

differences in maize grain yield were probably attributable

to intra-specific rather tham inter-specific interactions:

~-,-..‘ ‘ ﬁ - .
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~., Likewise, .thefe" were many similarities between - the

- ' -~ ~

effects of maize on tiller density of ratoon cane &nd -of

L
. .

plant cane. For instance, in both situations, tiller deoei-
ty was reduced but for variable periods: the advetse effect
increased with increasing maize{densityj,there'were lower
effects <ﬁ1Ldiﬁferentially—sbacedT than..oﬁ: uniformly-spaced
cane., -%s diécussed previously ‘(section 4.4.1}, these
effects probably arose out of competition for llght as the
mé&ze shaded the young cane. 'There was however ~one impor-

tant dlfference in the effect of 1ntercropp1ng on tlllerlng

of" ratoon cane compared to plant cane: the effect of maize

(""'? R

was much less pronounced on tillering of ratoon cane than on

plant cane((table 41). This difference may be related to

-

the relatlve rates of tiller formation in the canesw It is

o> o

well- knoun ‘fhat tiller formation is nmre rapld in ratogﬂf

T’fjthan in plant cane. This-was confirmed by'the tiller densi-

ty data; at 6 weekS{ theEQHWere twice as many tillers in.

;atoon (flgure 36) as in plant cane (figure 30) at Unioh'

Berk and a three fold difference at Pamplemousses qﬁegguse

—

tiller formation was more rapid in ratoon, more tlriers were
formed before maize grew to a sufficient 51ze(he1ght) to

»
start shadlng the cane.

.+The differences in effects of maize on cane tillfer densi-

ty are probabiy the cause of the differences in‘effects on
-

<4 -

S

-

L
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Table 41:
density of plant and ratoon sugar cane at 2 sites.

Companson of the effects of ‘maize density a.nd plantmg pattern ‘on tiller- *

-

Ly -
Trcatmfié't_ ' Maximum fcdpcﬁon in tiller density (%) - R .
. 1-; (\.:'-.g -“;“-’-. , ‘:‘. ' &
- :
s Union Patk - . Pamplemousses ?
L e - Plant -} Ratoon Plant Ratoon
eat l §__ - :"-IJ'.A
f‘ Bt A ¥ .
Cine+33% maize 33 11 55 17
. R
~ iy .
ot Canc+67% maize 51 19 5 26
=
Cane at 2.25/0.95m
Cane+33% maize - 21 2 43 8
it . . ’
Cane+67% maize 43 y 23 | 70 16
A e 4 - o
Soagte .- i [ '
M o S A et
Cane+100% maize | /59 29 T 44
. el A
. ! T -
- T . AN LA
- o R . o KRR ) -
S - 7 ’ . et e v . ;. . RN 0t
ISR ~J'-'~_ ” '.b"' el A i
- ‘ “ . 1,-,-:. <k e K
PRI S - LR T
. - -\.‘,7‘- ks - - .
4 o ’
L "
A
i,"
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yield of sugar (table 42) Intercropping with maize had a '
“ ! .

lower effect on the sigar yield of ratoon than on that of
plant tane at Union Park,; Hoqever, eEcept at the density of

33 per cent the effects at Pamplemousses were siﬁilarly on
. N \

: &
. ratoon ‘as on plant cane. P
. \'t>f 7 . .
4.5.2  Total productivity and vield advantage ;,

l(‘r

LER's of the mixtures of maize and ratoon cane_ (table 39)

conflrmed the flndlngs with plant cane (table 34), that the
foed 2
‘best maize density at the 3 sites was- 67 pget cent, and the ¥

.'“'_

J e

\ 4
"Best planting pattern at Belle Rive aﬁg\ﬁnloﬁﬂ?ark was one
row of maize 4in every interrow of uniformly-spaced cane. At

Pamplemoussesi; planting in differentially-spaced cane was

- 13 }. 4 > . -': N
equally"goodf Lo - e

- KT
LER stof the miktures with ratoon cane were much*larger

1

than those w1th plant cane. This d;fference was due partl,

» . . ,.1.’

"o the smalle ffects on sugar ylelds of ratoon and partly

‘,

to the lower sole malﬁe vield used in the calculatloa of

T
-

LER's. The assumption was that in the time taken for - the
ratoon cane‘tg mature, only 2 sole maize crops could be

*  groWn sequenthily instead of 3 as was assumed in the trials

" with sole plant dane. Had it been assumed that, -as for: -
\;r- - o !
plant cane, 3 maize crops could have been grown, the LER'ngg

';;values would. have been reduced by S to 15 pg: cent 'of those

-~

reported in *table 29 at Union Park and by 8 to 18”pet cent

. ThoL
at Pamplemousses, depending on the relative maize yields.
' o

. '-ﬂ',\

However even on the 3 crop/bagis, the LER's would stilT have
_zéﬁgf

been higher in ratoon
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Fable 42: - Comparison of the effects of maize density and planting pattern on sugar
« . - yield of intercropped plant and ratoon sugaf cane at 2 sites.
Treatment’ Reduction in sugar yield(%) o
Union Park Pamplemousses
[} o
Plant Ratoon Plant Ratoon
‘ ]
Cane at 1.6m *
Cane+33% maize 17 7 6 +3°
Cane+67% maize 19 12 9 . 10
R 5
Cane at 2.25/0.95m i
' e R
Cane+33% maize 24 190, 7 +4%
Cane+67% maize 32 27 = 9 9
* Cape+100% maize 38 28 24 .28
.'s_ - Y B .
Ly . .
*Sugar yield of intercropped cane was superior to that of sole tage. ‘ .
\E N
. X EN
"e_ 'ﬁi. B
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 425.3 Eééhonﬁp evaluation

. i .
The economic evaluation of the treatments was bas2d on
essentially the same. parameters and assumptions as those

. o N
used in the trials wit plant canE(Appendix Ily.

Gross margln of sole.malze was’ lower at Union Park than

v - X

at Belle Rive and, mplemousses (table 43) and this probably

reflects the lowér graln yleld at Union Park Gross margin

P\, >

of sole malze at Union Park and Pamplemousses were much low- .

er than 1n tne prev1ous trlals with plant cane (table 40)
probably bgcause only 2 maize crops were considered instead

of 3. &

At Union Park, intercropping did not leaq to significant

economic Deneflt or loss as was 4also the case w1th plant

LS ]
cane.- At*xhe 2 other “sites, severhl intercropping, treat-
o ,‘ Ce.
lgments,gaye large 1ncreases 1n gross margir, theAbe traat-
T, e
ment belng e7 per cent nalze in unlformlj spaced cane. At

Vi,
Pamplemoussesp thé effect of plant*ng pattern o grosa mar-

gin was not significant at P=0.05, but ‘at Redult, planting

-

in uniformly-spaced cane gave signiﬁicantly‘(P=0.0S)'higher

gross margin. At Pamplémousses, the ec¢onomic benefit with

intérc%§pping of ratoon was aé'high as_with intercropping of

{ o RIS e

plaﬁh cane. But in the trial in plant cane, at Pamplemouss-

L =

es, the sole maigze was as ecohomically attractive as the
(%3 : - .

best of the mixtures whereas in the trial in"fatoon cane, -’

i

C e

the groséﬁmargin of the m;ﬁtures were much higher than that ™

of sole maize. h.ﬂ i

LA
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Table 43: Grosg margin of -ratoon sugar cane and maize
mixturés at 3 sites as influenced by maize plant
density and planting pattern.
_1Treatment Belle Rive Um’ha;ﬁ Park Pamplemousses
E »._.;.‘
Rs.ha 13103 | (%) :‘«ama'lx1o3 (%) Rs.ha 12103 | (%)
Cane at 1.6m
Sole Cane 159 1100 260 100 | 289 100
Cane+33% Maize 222 140 276 106 380 131
Cane+67% Maize 230 145 275 106 3.7 151 |}
Cane at 2.25/0.95m ~ 7
Sole Cane 154 97 236 91 312 108.
Cane+33% Maize 18.2 115 - 25.6 93 400 138
Cane+67% Maize 20.8 131 ; "23.9 92 420 145
Cane+100% Maize 18.6 121 24.5 94 - 38.9 135
A e
CV.(%) 112 17.2 12.6
SE. 11 22 2.4
LSD(P=0.05) 32 65 7.0
LSD(P=0.10) 2.6 53 58.. -
&
Sole Maize
(2 crops)* 10.4 71, 18.8 |
N - R
* Not included. in analysis. rer
~ o 4_) r\\“ .

\_."
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4.6, . Implications of theé research findings -:? _ o

4.6.1 Returns to factors limiting production.
v ) . ,
4.6.1.1 Returns to land.

N o -

It has been emphasized that the mode of assessment of

intercropping advantages depends on the objectives of the
) Y3
experiment and that it is advisable to try several analyses.

In this study, several approaches were <tried. In the agro-
. Tt

nomic trials, the main objective was to compare cropping

KT \ -

‘.f;systems‘with respect to fetlrns to the most limiting factor,

iand. 1It.was nof“possible to determine directly from sepa-
© m

rate analyses of maize and of sugar yields which were the

Qest overall treatments. This arose because of the associa- -

TN mes

tion of high maize wvields with low sugar yields' LER may
. a . " - 0 -rvl . .
not " be the appropriate index for comparing the combined

yvields for 3 main reasons:

1. LER indicates the advantage of mixing per se c¢f the

. crops, not of the mixtures relative to the sole cane.

2. Comparisonﬁ of LER of mixtures , especially in the
L . . = R : - .
present. ¢éntext of changing proportions of the c¢rops, --
' . E , . T -
; . ) AT
may not be valid. o ‘;,?; -

3. LER does. not take into account the higher costs

involved in producing the mixtures compared - to, the_

oy

ety

sole .£raops. . N R Y
In areas where subsistence agriculture is practiced and some

quantity of each of the 2 component crops is reqﬁiréd, LER
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may be a valuable indicator of the advantage®of mixing over )

groﬂﬁng tﬁe component crops  separately. This 1is net ‘the ,/

case in Mauritius where‘both maize and sugar cane are- cash/jffj%

‘ /.
crops. Clearly the main interest of growers is to maxlmlzé“
profits; they, are probably not much concerned with whether

their profit comes from}cane, maize, cane and maize grown in

o«

assogiation, or cane and maize grown separately. Qpart'ﬁrom
the large-scale continuous sole Fropping of "'maize, all the

alternatives are probably acceptable. ‘!E_\
It is therefore'propq;ed that gross margin is a suitable
“.._ L | .
assessment of returns to land in the present context. How-

ever, it has been stated that one of the drawbacks of gross

e [ .

vt A

margin is- that costs and prices fluctuate. Presently, this

. is probably léss relevant &in Mauritius where most of the
sugar 1is sold at negotiated and guaranteed prices and the

2

price of maize is fixed by the Government. Nevertheless,

‘the influence of changing prices was investigated in the
- T

trial with ratoon cane at'PﬁmpLemousses'(Table-44). At con-
stant sugar prices, the advantage of the mixtures increased

as the pfice " of malze increased, and decraased w1th a

- J..ll' ." _ . .‘-.. --. .
decrease 1in the price of maize. Similarly, at constant
’ =, '.“ o tw R ',- . . ._\' .
maize price,"the advantade of the mixtures increased with a
K ‘. .. s '

decrease ‘imr- sugar price and ‘decreased with an increase in

R - L.
sugar price. ..Even under the "unfavourable conditions of. an
v ) . . N N . N . )
. increase 1in,_sugar price and a decrease in maize price (situ- ~
i . : ] .. - N ‘ -

ation 7 in table 44), there would ' still be substantial
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advantages of up to 31 per cent with the best mixture, even'

~ -
.

: 1 ' . . . . +* . .
though under that particular condition”the gross margin of
§ole'ma;ze'itself was only 35 per cent of that of the sole

cane. slmultaneoua ‘increases or decreases in the prlq\\_of

the 2, ¢crops had little effect on the relatlve advantage of
thé mixtures (compare 5 with 9 and 1), Slmllarly for the
) ; -

trial with plant cane at Union Park {table 45). -

'The concept of LER was also applied to gross marglns in

much the sameaway as to vyield (Appendix III),gandwthe LEK

.’

(gross margin basis) was’used to estimatéﬁthe advantage on

gross margln of m1x1ng pe r se. With plant cane mlxlng gen-

erally led to sllghtly more advantage on LER (gress margin)

v
A

than on’ LER (Yield) (table 46). With ratoon “Gane, ‘the.. [
; apg b

[ B
effect of mixing was definitely higher on gross marginn than-
4

on yield (table 47). Thia'suggests that, the advantage on
gross>margin of the mixtures compared to the sole crops was
probably nét’ only the result of higher é;oductivity; and
therefore ' revenue, but also of relatively lower 'variable
costs. In other words,’ the maize was complementary to the

cane to some extent. Expenditure made for cane benefited

the maize as well. e.g. irrigation.

ﬂ.6.1.2 Returns to capital. : RO

Capltal is the second most limiting factor™ 1n agrlcuatur-
Fad

-J - .,0‘\

al productlon in Mauritius, hence the need to propoée crop-

@

ping systems that alsé*glve accentable returns to capltal

“In the agroneomic trials on plant sugar cane (table 48), sole

maize was much more: capital 1ntens£ve~than the sole cane,and_

. z i :
. . 1 L. _.\.:,.-J‘. .. v N -
k|
. .

o
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Table 44: The influence of changing sugdr and maize prices

on relative gross margins of mnixtures of . ratoon
cand and malze at Eamplemousses. o

A /’
o 1 2 3 4 5 6 7 8 9
< | Treatment S=3500 ([S=3500 {S=3500 |S=4000 |[S=d4000 |[S=4000 [$5=4500 |S=4500 |S-4500
M=3100 |M=3600 LM=4100 (M=3100 |M=3600 |M=4100 |M=3100 |M=3600 |S~dli0
Cane st 1.6 hd :
Sole cane 100 | 100 100 100 100 100 100 100 100
Aane+33% maize 130 ° 137 144 126 In 137 122 128 112
Cane+6%0 maize 149 164 179 139 151 164 131 142 153
Cane at 2.25/0.95m
Sole cane - 108 108 108 108 108 108 , {108 108 108
Cane+33% maize 133 - 146 - 154 132 139 145 128 133 139
Cane+67% maizs 143 157 1170 134 145 156 128 137 147
Cane+100% maize 133 150 167 * 123 137 151 116 128 1.0
Sole maize . ’ )
(2 crops) 54 79 107 41 _{ 65 89 s 55 76

-Price of sugar, 5=Rs 3500/t w Rs 4500/t (includes molnsses and bagame)
-Price of maize, M=Rs 3100/t 10 Rs 4100/t (humid grains on the cob)
-The gross margings are expressed as per cent of that of mols cane at 1.6m.
~Costs of production were asummed constant.

- T wat
A gy
L.
B

P
\ .

AT
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Table 43: The i1nfluence. .of 'cﬁa.nging sugar and ma.iil_b prices L
' on the relative gross margins .of mixturef of plant
. ,suga.r cane and maize at Union. Park. L
1 2 3 e s 6 7 8 9 i
Treatment. $-3500 |S~3500 5-3500.% s-4060; | $=d000 [S=4000 [S=4500 |5~4500 |S$~4500
#1-3100, [M=3600 |M=4100 }“[:3100 M=3600 |M=4100 |M=3100 |M=3600 |S=4100
' . -
- Cane at 1.6m ] .
Sole cane 100 100 100 00 100 100 100, | 100 100
Cane+33% maize " (98 103 109 95 © 100 104 94, o |97 101
) Ca.ne+67% majze 110 119 129 QS 113 121 1027 ,_1(7)‘;" 115
“lcans at 225/095m <A . e
. Sole cane 63 63 63 63 63 63 . 63" 63 63
"Cane+33% malrs 86 Nn 96 -84 - 88 92 ., 5 |83 87 90 °
Cane+67% maize 94 104 113 5, }%0 98 106 87 93 100
Cane+100% maiza 99 112 126 93'_ 104 115, .|88 98 107
Sole maize R :_w
(3 crops) 104 - [150 195 87 124 162 - 74 107 139 -
. Price of sugu. SeRs 3500/t to Rs 4,500/t{includes price of molasses + bagnme) J
“ .. 'Price of maire, M=Rs 3100/t to Rs 4,100/t. of humid maize on the cob * -
A.-zumpr.lon. Costa of production were assumed constant. 'I,‘ho grom mugms“ afe ,
expressed as per cent-of that of sole cane at 1.6 m. LA
Y e . : . 4 -
= Lo '_;’. L
\\ -’/ *
- o 3 .
- o+ - - .
".‘ _;; b . E . ?_‘
’ - e - 'L_t .
, SR e
- e ’) <
. - G A
e - W g
: :
L
ot R
PR : “ o,
“ . e o
: i
,
rn
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Table 46: The effect of 'mixing per se on the yield and gross
.. nmargens of mixtures ofvplant sugar cane._and maize at 4 sites as

. determined by~LER. '
T i’é_.‘;{ment . Reiiﬁj.t“. Bambous . . Union Parke Pamplemousses
' LER LER | LER/ ' [LER |LER LER - |LER LER
o (Yield) , |(GM) | (Yield) [(GM) [(Yield)  [(GM) [(YSeld) (GM)
’ -
Cane at 1.6m - e
NP .- :
+33% Maize | 1.04 109 | 107|111 {095 096 (110 | [117
1T Cane+67% Maize 1.00 108 | 115 124 .[102 107|121 1.36
. e f‘ . - __'I - “.
Cane at228/0.95m
+i.4Cane+33% Maize - - 1112 114 [0B6 < [086 [108  [1.13
L.y "';-""
.~ &Cane+67% Maize 097 099 | 111 117 089 092 |[L17 1.28
. '::'- -v-',_"' _;,-. - \ t
S el T N . . . . .
“len Caffe+100% Maizd” 096 092 | 112 119|092 095 (107 113
LER(Yicld=LER, yield basis o e ‘ -
LER(GM)=LER, gross margin basis ‘ *
.-2;
e . -
=< * .r."; = "
S % -
C o & r
. i A ¢
P ' '
N 1 -
. i -
J‘ 4
e .
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Fable 47: The effect of mixing per se on the yileld and
groes margins of mixtures of Tatoon sugar cane and
maize at 3 sites as determined by LER.

Treatment Belle Rive Union Park |Pamplemousses

LER LER | LER  [LER |LER LER
(Yield) | (GM) | (Y1eld) |(aM)|(Yield) | (GM)

Y

Cane at 1.6m

Cane+33% malze (1.27 l1.49 1.;1‘ 1.21|1.28 1.41

“" Cane+67% maize '1.29} 1.63”31.19 1.31(1.42" 1.73

‘v
-

—_— e ———

Cane at 2.25/6«95m

Cane+33% maize |1.10 [1.23[71.07 |1.11]1.32 [1.29" |~

-

Cane+67% maize [1.22 [1.48| 1.08 |[1.20|1.38 |1.65

- -

Cane+100% maize|l.18 - |[1.37] 1.17 |1.31|1.34 1.59

LER(yield)-Land Equivalent Ratio, yield basis.
LER(GM)=Land Equivalent Ratio, gross margin basis.

\
P
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N 3 . ’
the mixed crops. The mixtures themselves had lower returns
- . Ead
to capital than the Sole.cane,”éxtept for the best mixtures
.

at Pamplemousses. It muét be pointed out that at Pamplem-
ousses and especlally at Union Park, the gross margins of
sole maize were higher than of sole cane and most mixtures.
Nevertheless, refurns.to capital of sole maize were much
lower. Hence, this is a pointlln favour of mixtures and
against continuous solg_FrOppiné g% maize. In the trials in
ratoon cane (table 4%), returns to capital of the best mix-
LB
tures was only slightly less than that of gole cane.
Another point in favour of mixtureé\compared to sole cane,
no%t@nvestigated in th§s study, 1s the moére rapid rate éf
tufﬁove: cf capital. _Wi%h intercropping of maize, growers

mav expect cash as from 5 months .after planting.

R

4.6.1.3 Returns to labour.

n

‘Although labour is presently not a limiting factor, it i

necessary to examine returns to labour in order to check
*

*

L]
that systems being proposad are not too labour-intensive in .

view of the high costs of vroduction and of the possible
difficulty in mechanization. In the trials with plant sugar
cane, the returns to labour of tﬁe best mixtures wére not
much lower than that of sole cane at Reduit, Bambous and,
Union Parks.while at Pamplemousses the returns to capital of
the best mikture was just sigqi{icantly (P=0.05) higher than
that of'éole cane {table 50). in the first season*trials at

Reduit and Bambous, the returns to labour of sole maize was

X, L

us

.

-

N )
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Fable 48: Returns to capital' of mixtures of intercropped
plant sugar cane and maize at 4 sites as
influenced by malzé plant deneity and planting

pattern.
Treatment Reduit BaqpouéJ'Unioﬁ Park | Pample
° -nousgges
Cane at 1.6m b iy
Sole came 4.32 |4.22° |e.35 3.29
Cane+33% maize |3.20 |3.42 3.22 3.06 |
Cane+67% maize |2.41 |3.07 2.91 3.16 | (/7
| ) - /
Gane 8t 2.25/0.95n |
"™ Sole cane 3.48 |4.19 2.934" 3.08 |
Cane+33% maize | -~ 5.41 2.89 2.88
Cané+67% maize |2.31 |2.90 2.57 ;. 2.92 7 B
Cane+100% maize|1.04 |2.82° |2.30 2.35
CoV. (%) 4.8 |12.5 12.4 13.5
S.E. " {0.21 |o0.25 0.19 0.20
L.S.D.(P=0.05) 0.65 |0.76 0.55 - _|o.60 < .
Sole maize ** . |0.13 |o. 42 | B RS ST Y T- I

* Returna to capital is derined as Grdss Margins/Capital
. wOBtB i

where Capital Costs-Variable Coats—Labour 005t3

** Not included in analyais

. - - ‘Q
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Table 49: Returns to capital® of mixtures of ratoon sugar
cane and maize at a 8 sites as influenced by malze
plant density and:planting pattern.

I

L)
Treatment Belle Rive (Union Park|Pamplemousses
Cane at T.6m - * - o
Sole cane 2.65 4.21 3.85 '
Cane+33% maize {254 3.14 3.51
Cane+67%-mgize:‘?.11 2.48 .31 ‘
Cane at 2,25/0.95m
Sole:cane . _ |2.58 3.85 7 lal2 b
'Cane+33% maize |2.25 %,92 3.70 ;L
¥ W ‘e,
Cane+€7% malze {1.90 2.18° 3.20 .
' Cane+100% malze|l1.43 1.88 | 2.5%
C.V.(%) 11.7 15.5 10.5
S.E. . 0.13 0.2% 0.18
L.S.D.(P=0.05) 0.38 ~.|o.68 0.58 =
Sole malze ** 0.46 0.31 0.76 |

*Beturns to capital is defined as -Gross. Margins/Capital
Joste, where Capltal Costs=Variable Costa-Labour Costs. - -

**Not included in analysis.

TR
I e
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Very pgpr probably bpecause of lgﬁryields. In the trials in

. . .
ratoon cane (table 51), returns to labour of:the best mix-
Y
'y v

tures were slightlyé better than that of sole cane at Belle

Rive and Pamplemousseﬁ, not Union Park, probably because of
SN )
the relatively lower maize yields at the latter site.

In general, the best mixtures were not more labour-
intensive thap sole cane. It should be pointed out that in
the calculations (Appendix ) of gross margins, labour for

. “n R ¢ .

. -~ L ’ N . .
operations ™on maize in sugar cane 1nterrows waq,charged at

I

the" normal factor cost as prescribed by the labour laws, on

- . i
the basis of amount of labour required for each operation.
B : .
Nevgrtheless, it is recognized that in most instances.where
LT , o

perméhgnt labour exists, there would ‘be some idle Tabour

kS o B '.;‘ ,.- X ! -
that colld be diverted from cane to madze, especially for
; o

planting in the first selson and harvesting in the Sécond.

- L4

season. This would lead to better returns to labour o# the
mixturés. Y o
4.6.2 fmplications on cultural practices -
4.6.2.1 Differential cane spacing =
.
In none of the!7“ggronomic trials(trials no 9-15). were

the highest gross margins to be found in mixtures in
1S “u

differentially-spaced cane, although in some trials (e.g.

plant cane at Bambous, ratoon cane at Pamplemousses), the

difference between the gross margins of the best mixture in

uniformly~spaced cane and in differentially-spaced cane was

.

3
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l'able 50: Returns +to labour " of mixtures of ‘Antercropped
plant sugar cane and maize at. 4 sltes as

.- influenced by maize plant densitg &Qd planting

A _ pattern.
— , .
.~ > |Treatment Rettuit | Bambous |Unton Park;R&mplémoEEEéZ
s = il
Cene at 1.6m —
Sole.cane . . [6.87. |6.53 8.77. . |5.68
Cang+33% maize |6.02 |6.11 |8.27 |6.0s »
Cane+67% malze |5.15 15.85 |7.79 8.75
N
Cane at 2.25/0.95m 2 v
'Sole came . - |5.83. |6.17 |7.18 5.34 R
Cane+33% maize | - 5.80.° |7.64 5.9%7 'y "
‘Cane+67% maize [4.88 |5.53 [7.43° ., |6.46
Cane+100% malze|3.83 |5.28  {7.06 . }5.50
oY ‘1-’
v |G V(%) 11.9 8.9 8.9 11.3 L
S.B. .~ 0.32 [0.34 {0.34 0.34 5 s,
N L.S.D.(P=0.05) 0.97 [1.08  |1.02 1.01 :
‘:‘_‘ Y ‘., i ‘_ L Y
Sole maize ** 0.63 12.08., |B.07 5.81 %

* Returns to Labour is dérinag as QGross Mafgins(Cost of Labour.

**Not included in analysis. . : 4

o«

"d.

Iy
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Table 51: Returns to labour * of mixtures of intercropped
: . ratoon sugar cane and -maize at 3 sites as

. influenced by maize, plant density and planting
- pattern. . :

—
Treatment Belle Rive |Union Park|Pamplemousses

Cane at 1.6m

s

- -~

Sole cane "t |7.21 - [10.54 “18.25
Cane+33% maize |7.58 “l9.19 8.3
. | cane+67% maize |7.20 7.58 . |g.07

Cane at 2.25/0.95m|.. -

Ty -~

Sole cane 7.19 9.93 8.66
Cane+33% maize |8.70 8.58 $.09
Cane+67% maize |8.42 7.02 8.84
Cane+106% maize 5.07 " |s5.98 %zsé
o ‘ - 7
- C.V.(%) 5.4 8.3 8.7
[S.BE. - - 6.18 - 0.39 0.37
L.5.D.(P=0.05) 0.54 1.18 - (1.1
Sole Maize ** 1.95_ : 1.35 - |3.08
* Réfurns to labour 18 7 defined as
; Gross marginas/cost of labour.
¥a Not. included %?Uggélysis.
4 "\
3
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guite, small and non-significant. In some trials (e.g. plant
L

rd
cane at Redult and Union Park), cane yield and gross margins

of sole cane in paired rows were less than those of sole
uﬁifq;mly—spaced cane showing that differential spaéing per
se éas inferior. _In other. trials (ratoon cane at Union
Park), the difference was small and .non—siqnificant.
Although tpe results cannat be generalized, thgy neverthe-
less show that differential-spacing is not the optimum meth-

od of planting it was previously believeéd to be. More Tri-

als are required in different sites to clarify the situé%ion

and to determine under what conditions differential sﬁacing

is advantageocus. ' In vigw of its potential merits (see Lit-

ﬂ;erature Ré&iew), the system should be studied further.

One of the mefits hﬁbﬁthesized for differential spacing

was that.because of the larger space between the cane rows,
it may be possible to grow more maize without ‘any more
effect on cane. Theé rasults of the trials-showed that this

wds not the case. In none of the trials was the treatment

-

consisting of 3 rows of maize in every-ldfge interrow of
differentially-spaced cane better in gross margins than one

row in every interrow of uniformlv-spaced cane; in fact it
-1

was consistently worse. Even in maize yield, it was not
alwdys better (eq. plant'cane at Reduit and Pamplemousses),

and it consistently had the highest‘adverse effect on sugar'~ -

- b

yiéid. It has also been hypothesized that because of the

-~

larger space, maize is likely to have no adverse effect or

~

s
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much less adverse effect on dlfferentlally spaced cane than
VAl

on uniformly-spaced cane. This was not the case in any of

P

L
the trials, and in fact, with plant cane at Union Park and :
. . T
ratoon cane at Belle Rive , it was worse.
leferentlal spacing has, however other possible merits,

not 1nvest1gataﬁ in this study, that may juStifY"furthefh"

»
et

work. For 1nstsnce, w1th larger interrow, it may be easier

to mechanizeé operations on maize. Also; it may -be-possible

e

to interproﬁ'older ratoons, ile. older than 3 years. More-

f -
over, in areas where cane is not burnt, should the best
A .

maize- density be confirmed to be_67 per’ cent 1t would _not

be possible to grow one row of malze in every 1nterrow of

ratoon cane because of trash. With dlfferentlal spac;ng, it

P RN

would be no problem to grow 2 rows of maize inrgyeny.iarge_

w-Interrow since all the trash could be placed in the Tarrow:

-
—

interrow. . -

v B Ls
A ' '
v
P o
" -

4.6.2.2 - Maize varletal characteristics’ and planting pattern.
Maize yields were relatively lower in ‘the 2 first season
trials (plant cane at Reduit and Bambousf'“hénce the rela-

tively lower gross marglns of the mlxtures On - the other

~ = - -

hand, there was no ev1dence that adverse effects on cane

L] \

. A

-

were mote in the first"'than in the second season. These
i

results may therefore imply that improvement of the.yield of

maize through the use of varieties with better adaptation to

PR Y

climate and disease complex is not likely to lead to an

-

increase in the adverse effect on,cane. Hence, the gross.

PR TP

margins of the-mixtures would be improved.

J
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The competition studies have shown that the effect of
)

maize on cane, under the conditions of the trials, was due

»

- " sy ..
to shading. This impliqs that, all things being..equal, the

taller and later-maturing the maize, the larger the adverse

. T— .
effects 'on cane. Shorter and earlier maturing maize

varieties may be expected: 6 to have less adverse effects on
cane. Unfortunately, there is a rela#ionship between matur-
ity (and plant height) -and grain yield: the taller (and

ldter¥~maturing). wvarieties ' tend to be‘ higher yielding.

“~Therefore trials,yilL have to be conducted to compare total
prdductivities. Moreover, the fact that in most trials
N . . I -

(with plant cane at all 4 sites; with ratoon cane at Union

- -

Park), even at a density of 33 per cent, the maize reduced

the yield of %ugar, _though not alwé}s significantly ..
(P=0.05), suggests that the maize variety, U-R14 i;gelf was

Lot ,
too competitive. This confirms the competition studies done

at a density of 67 per cent. Var_:'Lety U-R14  grows "to' dn e L, .

‘average of l.éé-Z.OOm in the first, and 2.00-2.25m "in the

second seascon and matures in about 115-135 days in the first
and 100-120 days in the second season. Since this.yariety'

- i

is.due to be phiseéd out in 1986, .its replacement should per-

haps not 'be taller than 1.75m in the first and k.90m in  the

NG oty .

second season and no laterrmaturing than.105 dqgé in the

first and 90 days in the second, in order to ensure that it

L e et

does not compete with cane. Other qhargcteristics~;uch as "

leafiness are no doubt important too., " . ~ CRRS ‘ LA

T L=t
e .
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Eto .- li

. Evidence has beenwpresented to the effect that at hhgherh-

T I

den51t1es, there is 1ntra-spec1f$b compet1t1on in the maize.

+ "- .J

ThlS could mean that planting the malze at distances of

- T

O 15m within the Fows and 0.8m between the rows 1s not opti~
mum. There is 'somé preliminary evxdence that a more‘uniform

o

arrangement “of } the plante may lead 'to betﬁer malzedylelds

'_, IS \w..
v B

' (Govinden, 1985, Unpubllshed ) o F' - -V‘”

. T o ta T .
; : LR N,
- . TR A e e

;-__.*-\ Ve LT L. ._.. e LT

4.6.2:3 Culftural, practices on sugar cane. TR ,“;:Twi?

'
ot

~The flndlng that competltlon is for llght 1mples ifhat

_. . * ax.

Ssuch practlces as g1v1ng addltlonal N-fertlllzers or irriga-

”

tion to the cane are not likely to 1mprove cane growth very

-~

7

A
w1thout necessarlly 1ncrea5;ng the adverse effeCt on cane

P

much while the maize is present. * On the other hand because"

< -~

of - 'rattrapage', all‘éuitﬁral practlces'tﬁatfimpfove cane

growth and reduce stresses dn the cane foramhe flrst few

-.

S 1._|

months after the maize 1s harvested are llkely to be of val-

-, < -
we in promoting rattrapage "and hence, of reduc1ng adverse
. . :‘?‘-' LR
T " . R
effects on cane. It is suggested that the first: few months

- 3 Shaiba

after maize harest are critidal because “this is probably
&

the time when the number of mil%able'Canes is determined.

W
- ——Te,

e Tl

A
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The fact that germination and ea;ly'tillering of cane is

not affected and that. early tlllerlng is probably more

S “)\\_,,

lmportant than later t1§1er1ng ;_the late tillers seem to

o"
- Yo eme .

die anyway-suggest that by increasing the density of cane at

> ~.

: planting it may be possible to increase the“ndﬁbef of prima-

Ve tl-

LY tlllers and thls may 1ncrease the total number of early-

tlllers and hence minimize thée adverse effegt of maize.
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“Chapter V .
v CONCLUSIONS o
- - v
; o e
. ' Y

5.1 Main conclusions

a

When 3 sequentlal maize crops ‘were grown. 1n non—addltivé”

T

mlxtures with plant sugar cane, the first ' crop,

MRS

second and"third crops, gave higher graln ylelde than

expectedton the basis of the sown proportlons *The cane

! -~

over-yielded, but the extent of over yleldlng was not enough

to compensate for the reductlon 1n cane plant den51ty,',nd

_."___‘_ e Lt -"‘_‘-

tures. : BT : B . -
1 - e . c - ]

but not the_

no yleld advantage was obtalned w1th the non~add1t1ve mlx-“

o Intercropplng wlth the maizewreduced the cane ?1eld dras-

S tlcally in a'mlxture of one row of maize in’ every 1nterrow‘

- S o L. T (

v of plant sugar cane under excellent condltlons-of 5011 ‘fer-:

tlllty and molsture“
? competition. for above-gronnd,_not below-ground growth fac-

tors. ‘ = LT ;'k e e

Even under less favourable growth condltlons such as when

L T, W ~ .

the component crops were not fertlllzed there

- B

dence that the malze competed w1th the cane for nutrlents

was no ev1-

- _ Slmllarly under sub optimal . 5011 m01sture condltlons

- .t e

there

was no ev1dence of competltlon for water, p0551h;y because

~

the maize roots did not extend as far as the cane rows.

)

e L tem - -

The yleld reductlon was attrlbuted'to

ok

Ve

"
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However, the . 1ntercropped cane may have  experienced more
" { I"

water stress than the sole cane as an 1nd1rect consequence~

A

of competition for llght W1th optlmum 1rr1gat10n, exq&lsf

Lo, ."”"--1 s R !t

- lent*malze ylefds and full cane vields were obtained.

i

) the ratoon cane

- -

Malze started«to shade the lntercropped cane at the 5th

TR

LT

o

week“” Tlller formatlon in the cane was reduced to a wvari-

‘able amount dependlng on the extent to which the maize shad-

ed the cane and_this wa;{ﬁtself a furiction of the density of-

the intercropped ha;ze. Tiller formation resumed rapidiy

R -

) i I
after the removal of the maize. Depending on the' extent to

Wthh the young cane Was affected by the maize, the final

o- a‘ . ar—nr

cane yleld was more or less reduced o

.

In plant‘sugar cane, even at the relatlvely low den51ty -

;of 20800 plants per hectare 1ntercropped maize sometlmes

_,,lessb seVeralw malze cane 'comblnatlons were financially

A ' LS
reduced the yleld of sugar.;In general, the qain in maize

. yield qas.offset by the loss 1n sugar, so, that there was:
only a modest advantage from m1x1ng the crops Neverthe-

l.' '

attractlve in' the second season

. el L h

Intercropplng of ratoon cane on. the other hand, was more

- L i, T

1nterest1ngzzn terms of the advantages in yleld s well as

il

of the economlc beneflts which were' substantlal Wlth some

- * -

”;combrgations. This was,beCause of lower effects of maize on

P - o . : . N
S P N -

5 ~

‘In.‘V1ew of the advantages in yield and gross margins

observed in several trials with”intercropping of sugar cane

A, * .
. o

1.

L] ."

A
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with maize, it is recommended that the research work be pur-~

-
’.

sued and that commerc1al trlals be initiated along the llnes

¥ J
o

mentioned in the subsequent section. i_ .},

5Jg Further work.

It has been eétablished that maize competes with irnter-

o

oropped sugar cane for llght An attempt to modelise this

effect has been made. " Further work alond thrs line . should

be rewardinQ;J

{ - M
One of the most dramatic and easily-measMred effects of
. Y P

. : . .
maize on intercropped cane is the reduction in tiller forma-

tion. This reduction may- or mdy not- lead to a reduction in

‘

S . e
final yield depending on the extent of 'rattrapage'. This
. PO e

phenomenon appears to bé of ‘¢ritical emportance;land factors

that influence the-extent_of 'rattrapagektshould therefore_

s ' s

“be studied. In particular the role Qf nutrients and of

R
a '

water should be throughly- 1nvest1gated

In view of the p0551bLe practacal 1mportance of delayed

-

plantlng of " malze _and because’ Tone of the-2 trlals that have"

.t

so far been carrled out was affected by drought it is sug—f

gested that the temporal relatlons be re-examined at several

L .t 3 . ’ L -
sités M”." - o+

The results of thlsnstudyeshow “that. palrlng of - cane rows

P T -

may not be of much value. ;HoweVEr, because of_the other
possible benefits of thefpractice' fid Ma particular, of the

possibility of intercrooping older ratooﬁs, and of the
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Y

» . ’ T .
potemtial which suchH a possibility represents, it is recom-
mended that»studies be initiated on a commercial or semi-

i)

commercial scale on planters Llands in " different agro-

-

climatic zones. | \ﬂL-‘m—\

-\. . . .
The conclusions about the agronomic and the economic mer-

its.of intercropping. cannot be generalized, and recommenda-

-

tions cannot be issued for the wholé” “of Mauritius on the
- ) _

bafis of only 4 trials in plant cane and.3 in ratoon cane.

. r
-

Prior to the final choice of one-Jintercropping,”hethod,
large-scale commerE}al tests should be undertaken. 'This i's

=~ Probgbly best done oh'plaﬁters' fields. The cooperation of
B e .
the 3 -.groups of =sugar cane planters, i.e. Sugar Estates,,

lar%e, and- small ﬁlénters is -essential for the success of
this underfakind:» Orily one ‘or two intercroppiqg patterns
. . -

, but this should be .done on fairly large

- .t

need to be tested

4 . -t -3, y -
fi 5 in ordéer to gather information on- management prob-

r inputs etc. Enough on-farm trials would have.

~ to Dbe laid down to separate the influence of such factors as .

- . LS r

" pianting season anH'agro-clﬂmatié‘zon%;on plant .and ratoon -

.sugar._cane. . ' . -
:SUgATrane, -

/ -
A number of important factors have not been cousidered in’.

. ; Lt . i - .
this study. §bonerfo§ later they will have to be studied. .

'Thé'list includes maize and cane cultivars and the intimacy
el -

of mixing, all of which have been reférred to in the iitgra-"

-

ture.

N -
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APPENDIX .I. VALUES OF SOME PARAMETERS USED IN

THE DETERMINATION OF WATER APPLIED IN 2 WATER
REGIMES IN A TRIAL AT BELLEIVUE. e

l.Duration of crop stages(weeks)

Stage Maize Sugar Cane et
ﬁlaﬂting to Q.25 canopy 0-£ - . 0-8 s
~0.25 to 0.50 canopy 3-4 9-13 ten
0.50 to 0.75 canopy '  5-6 - 14-18"
.0.75 to full canopy 7-8 20-24 -
Peak water use” 9-12 25-50 T
Early Senescence ’ 13-14 51-56
. Ripening S 15-16 T % g :

2. Adjustment to crop factors, ﬁc which relate the ’c':'rop

[P
water requirements to the calculated evapotranspiration; ETo

-~ LY

TN A

.ojtained from Penm?nts equation, by the method of Doorenbos

cn

C o
and Pruitt(1977) T

- 2w

a.Sugar cane: Reduction of Kc by 25 per cent because of
the use of a drip system and hence less losses by eva-
poration, run-off etc.

G, meal e
......

b.Maize : Redu;tlon "of " Kc by 25 per qent,&s above

Addltlonal reduction by 25 per cent because the den51ty

“wa's only 1/2 of normal density.

J} !',
L]

Sh Fuay
L N
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APPENDIX I, PARAMETERS AND ASSUMPTIONS USED IN
THE FINANCIAL EVALUATION OF MIXTURES OF SUGAR
8 CANE AND MAIZE.
CANE )
1. Revenue- ; Price of‘ éugar(including molasses anq;m

LR

bagasse)=Rs 4000/t

2. Variable costs per hectare

R e i T S S S e ——— togr————t
‘ ' |Plant |Ratoon|
| | Lo

|

| _  or
| oo o {cane |cane .o
Fa) Machinery (subseoiling, ploughing ' ;E832 I624 ;{

: levelling,_errowing). ﬁfnx ‘I ; *~:
:b) Material i‘nlputs-(cuttings, fertilizers, - }4420 fqzso i

i uhérbicides).' e } I I
:c) Labour(i) (planting, application Qf :712 I462 I

i — fertii;zer etc., per hectare) '}£7 } }

: (ii)(harvesting and loading, {31 }31 }

! per tonne of carne) a ‘ I Lﬂz 1
Id) Transpert charges (pér tonne of cane) I18 {is - I
:e) Irrigation charges({per round) :200 ':200 }

| I l I
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* See notes on next page. Note :Certain costs made on plant
cane'suﬁh a= Lor machlne*y, cuttlngs lapour. and pheosphate

fertilizer #Tso - beneflt the'ratoons and were amortized over

.
v

one;’ planu and 7 ratocns iA the follow1nq proportlon 189, for

plang cane and 12% for each ofvthe 7 ratoons

Malze o PE . r .
1. Revenue i Price of maize ears(at 25% moisture -

[ ] .
content, unshelied)=Rs 3600/t

3[ VafiabIEAcosts/haﬁnu'

4-4,-.' ———————————————————————————— +

[ Rs / ha . |
e IS, S .
| Item 5 |[Intercropped maize|Sole maize|
L R A
| 133% 67% 100% | 100% |
e o S !
a) Machinery [119 238 ase | 5172 |
b) Material. inputs (seeds, I2217 4154 6091 I 6205 I
fertilizérs, biocides). { . } }
c) Labcur (planting, :656 L1311 1967 2 2622 :
application of % I . |
herbicide etc. harves$ting) : I - I
d} Transportation charges IllO. 110 110.‘=- 110 :
(per tonne of humid, I - : :
unshelled éars) { : I
e) ;rrigation charges {200 200 200 i z00 {
(per round) L : }
< e S .

*See notes on next page. ' )

\l
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Note 1. Certain costs made for cane benefif the inzer~
cropped maize as well .e.g. land preparation, but sole maize

have to bear all costs. In the qglculation of the costs of'

sole maize over the entire cane cycle, it was assumed that

the seéond and the third crop would‘ﬁét require sub-soiling
but only shallow ploughing. The intercropped maize required
only levelling and furrowing.

Eggg.g; Jn irrigated trials, i or 2 extra irrigations

were given at planting to promote germination of” maize and

these were charged to the maize.
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APPENDIX Il EXAMPLE OF THE CALCULATION OF LER

ON YIELD AND ON GROSS MARGIN BASIS.

Parameters
- - -
-Trial no 12: Intercropping of plant sugar-cane with:

maize at Pamplemousses.. -j}
~-Treatment no 3: One row of maize in every interrow of

uniformly-spaced cane////

-Sugar yield of sole cané :321.35 t/ha

-

-Sugar yikld of mikturé . :10.28 t/ha?”

~Grain yield of sole maize(3 crops) :20.92 t/ha

'.\.

-Grain yield of mixture - :6.28 t/ha

-Gross margin of sole cane ) :Rs 30.7x107 /ha

-Gross margin of sole maize(3 cropé) :Rs 43.4x10" /ha

-~

-Gross margin of mixture

Caiculations e S ’

‘Rs ,46.2x107 /ha

Area reguired as sole crop to produce 10.28 t of
8} .

i
sugar

=10.28/11.35 = 0.906 ha
Gross margin from sole cane on 0.906 ha

=0.906x30.7 = Rs 27.81 x 107
“

Area required as sole crop to produce 6.28 t of

maize grain

=6.28/20,92=0.30 ha
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Gross margin from sole maize oh 0.30 ha
e =0.30%43.4=Rs 13.02 %10%:>
Total are; for 27:sole crops growﬁ séparately
=0.906+0.30=1.206 ha ' ;

Total gross margin from 2 sole créps grown separately
(assume no charge for extra land)

=40.83/1.206=Rs 33.86_x10?

q - "‘ .
LER(yield basis) * R

=total area of 2 sole crops/tbtal areaof mixture.

[
Kad

=1.206/1.000=1.21 S
LER(gross margin) |
=Cross margin per hectare of mixture/grosS margin
per hectare df_2 sole crops separately. r
=46.20/33.86 = 1.36 -
Therefore:
’

LER(Yield basis) = 1.21

LER(Gross margin basis) = 1.36 -

- f

-’





