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ABSTRACT

Crop environnment and weed interaction were assessed in
mliet/compea and mllet/cowpeal/ sorghum cropping systens
under traditional and inproved agronom c conditions in Che
Sudan Savanna zone of Nigeria. The specific objectives of the
experinent were to neasure the effect of the intercropping
on light transm ssion, assess the effect of intercropping on
the soil and canopy tenperature, and to quantity the effect
of the intercropped environment on the type, yield ana
frequency of weed grow h, one variety of mllet (EX bornu),
two varieties of sorghum (1CSV-400 and Gaya Early) ana two
varieties of cowpea (Dan-ilia and |T89KD 3/4) were used for
this study in the intercropped conbination. Two fertility
| evel s (organic manure and inorganic fertilizer) were also
enpl oyed. Mcroclinmatological and plant indices neasured
include light transm ssion, soi | t enperat ure, canopy
tenperature, weed frequency, weed and crop shoot bionass.

Resul ts show t hat canopy tenperature, soil tenperature,
and light transmssion within the canopy were lower in the
i ntercropped conbinations than in the sole, weed dry wei ghts
were al so lower on the average in the intercrops than in sole
pl ots, although sole crops of mllet and sorgnumwere planted
at a higher density than the intercrops, in intercropping
conbi nati ons associated with sorghum sorghum | CSV-400 was
observed to be nore efficient in suppressing weeds than the
local Gaya Early variety, it was also observed that Digitaria
horizontalis  and Cyperus  esculentus  showed the  hignest
frequency of occurrence for both trials. This study indicates
that controlling the weed reginme of the cropping systens of
the study area is dependent upon understanding the | i ght
reactions of these two notorious weeds.
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CHAPTER 1 . -~ . .o

INTRODUCT LON

In thé.tropiés, weed interrerence causes severe yield
reductions in field crops and losses can well exceed “u%, FOr
maize and cassava, losses up to 60% have been reported
(Akobundu, 1979; Ayeni et al., 1984). ‘he time spent on
weeding is the principald limiting tactor to Tne s1z2e or &
farm that a subsistence tarmer cultivates; Lhls Lnererore
makes weed éuppreséion a major ayricultura: concern.

The traditiomal method used by peasant :azmers to
control weeds is hoeindg, using household labour slnce hiring
of labour is usuaily expensive. For such rfarmers, uUse Ot
herbicides is hampered by high cost and non-avallapliity ot
chemiéals. The training, experilence and precision regqulired
for efticient use of the contaminating herbicides 1s adilso a
limitation. Therg is an urgent need to study atternative
methods ot weed contrel acceptable o them. lntercropping is
one of such methods, | -

Most intercropping combinations are reported to suppress
weed growth by providing an early ground cover, elther daue
to the use ot nigh plant populations or the use or a fast
growing component crop (Steiner, LY82; Kvans, LY:12). rnus
the use ot low-canopy crops as smoiher Crops tor bilological
weed control 1s receiving attention (sShetty ana xao, iv/¥;
Akobundu, l198l1)., in Nigeria, it 1s common to sow ror that
pufpose cowpea into established sorghum, mliiet or malze.

Similar methods are also common in most oChey west African
T N

countries.  In Asia, crop assocliations oL maide and



groundnut, mungbean, or sweet potato are excellent Lol
reducing weed growth, yield losses and weeding time (Mooay,
1978). Intercropping cassava with beans proved to be an
afficient means of reducing weed growth in central America.

The success of an intercropping system 10 suppressing
weed growth depends primarily on crop micro-climate. Light
{Photosynthetic Active Radiation, PAR) 18 cne or tne major
climatic factors i1ntluencing crop-weed batance., lC 15 welild
known that intensive cropping and the use oif Crop munagement
practices that improve the shading capacity of ¢rops i1ncrease
the etfficiency ot biological weed control metnods. BSoil
Shading observed in any given crop. canopy 15 a dynamwc
feature that varies with the relative rates of Crop and weed
growth, crop duration and location (Shetty et at., Lyi1),
Competitive capacity of plants is determined in part by their
ability to intercept light and by the capacity Lo suppress
the growth and development of other plants, such as shaqe-
aensitive weeds which may ocgur in tﬁe shade created py crop
canopies (Keely ana Thullen, 1974). _

_There is a considerable number ot studlies un light
1nterc;ptionliﬂ several crops and Crop comblnations in the
semi-arid tropic¢s., Sivakumar and Virmanlt (iYb4) sugygesced
that intexcropping of shoxrt-duration and tast-growing cexeal
crops such as maize or scrghum with the siow growing pigeon-
pea ¢ould establish a quick ground cover, enabling hign
pﬁotosynthetic photon tlux density (PPFD) 1nterception thilygh
shading) levels,. Natarajan and Willey (198UDb} showed trom
measurements of light interception at ground level thal 4
sorghum/pigeon-pea intercrop could attain sux interception

in aboulb 50 days otier planting, They also suggested that
|



poor 1light 1interceptlion by pldeon-ped albter uhe soranhuin
harvest couid be 1NCreased DY N1gner plant pobhilation ueinbiLy
and better pildant uistribntion. KeudyY #c af. (170%) Leported
trom lignt 1nLeccepllion measured oL Jgrouid revel Lial o
gtoundnut/pl‘:dll mirien immtercCrop LCouLn av'nlivve I 2% 11Nt
interception 1n «ponut bU Gays arter pilantiibyg. :gese SLUHUies
showed the high Snading capacily Ol diilelvnit  Croppiig
systems ot the semi-ariu cCroplos,  Cings Yooaoart Ly e
potentiail O SUPPress Lne qrowln 01 assotiaieil weegs. s
also buttressed 1tne LIMPOrtaAnce o BdE S TANC L L P M
balance within crop Canopies 1) Crop Magipuldllon 1s Lo De

used to reduce weediliy ProbDiems 10 LragiLioba!l Sgr iomp L e,
1.1 Objective ol iLne Lluay

Crop/weed thletraclioll 1 1NLEICIOPPING =Y Leins urpeiius
on varlous physical, blological and mahadeinent 4o LOLS.,
Understanding Lhe ayndinics ol (HLETCIOppLig W, it od VYiew Lo
shitting the GP’:;{);‘WL‘H&] DALARCE 10 1avonr a1 Crops as
imperative, Dbecause Lhere 15 4 dedarllh 05 Sucn sLudles 1l
Nigeria in generai, and 1n Cne NIgerian suuall savdaiid 1
particuLar. 1t 13 1& Lh1S reajlZzaliun Lhal Lir:s SLUULY wes
concelved. HpecilricCdally, Lhe obIieCLives Oor e suuuly wegpe
to:

(a) measure the efrtects ol Ssomwe 1mport4ant LHLelCcrops: ng
systems ot northern Nidgerla on (1ght cedalisimess toil;
(D) assess the €1 1ecls or sucCn 1nLlerCropping on Lhe Suil

ang canopy Ltemperatiare, i

(c) Lo gquantiry Lne erteclys Ll Lne 10Ler CTOoppen enviiomnenL

on  Tthe Lype, Yield aliad usnstly OO0 weei rownen,



1.2 Study Justiftication

As indicated in the above review, the preponderance ot
weed ls a serious problem, especially in developing countries
where the farming systems are basically havina Low external
inputs. 1In some seasons, steady raintall without dry spells
encourages weed intestation, as there 1s hardly enough time
to dry and kill the weeds alter weeding. Whereas good the
rains are necessary tor crop establishment, weed intestation
is a related problem and should be reduced or eradicated.
Recent reports have confirmed that intercropping millet with
cowpea reduces striga damage by reducing the growth and seed
production of the parasitic weed striga hermonthica. The
reduction was attributed to the cooler soil temperature
resulting from the shade caused by the modified microclimate
(Webb, 1994). This supports an earlier finding in Ghana and
in The Gambia as r?pozted by Carson (1989). A quantification
of the microclimate that operates in intercrops would
therefore help in understanding these aspects of the
controlling of striga virulence. Such field studies are
lacking in Nigeria. Since economic conditions force farmers
to put emphasis on low external input sustainable agriculture
in the tropics, the manipulation of the traditional cropping
systems for optimal resource use and weed suppression is
becoming of even more interest and herein also lies the

justification for this study.



" CHAPTER 2

n,‘.: .

LITERATURE REVIEW
2.1 pefinltion of Microclimate |jj
|

.5_-Micro&iiméte, tﬁe climate near fhe ground, is the
éllmate in which plants and animals live (Rosenbexrg, 1974).
It is othexrwlse known as the biological climate. Information’
about the response of a crop to its environment can be
derived from the nature of its microclimate~-the. regime of
radiation, temperature, humidity, carbon dioxide and wind
between the top of the canopy and soil surface (Monteith,
1973). It is the interaction of these environmental regimes
witb crops and the atmosphere that constitute the crop
mlégdgilmate (Stigter, 1994a). Over the last two decades,
interest has grown again in the potential of management and
manipulation of microclimate to protect and improve yields

{Stigter, 1994b), | o
2.2 Definitioq of Weeds |
| _ There are many widely wused definitions of wggds.
Blatchely (1912) defined a weed as a plant out of place, or
growing where it is not wanted. Harper (1955) defined a weed
as a plant that grows spontaneously in a habitat that has
gfeatly been mcdified by human action. In line with the
latter definition, Harland and De Wet (1965) considered a
weed as a generally unwanted organism that thrives in
habitats disturbed by man. Aldrich (1984) defiﬂéd a ﬁeed as

a plant that originated under a natural environment and, in



regponse to imposed and natural environments, evolved, and
continues to do so, aé'an interfering assocliate with crops.

0xford English Dictionary (OED) defines a weed as "“a
herbaceous plant not valued for use or beauty, growing wild
and rank, and regarded as cumbering the ground or hindering
the qrowth of superior vegetation™. Akobundu (1987) observed
that the OED definition of weed is technically incomplete as
it is a common knowledge that noflall‘weeds are herbs.
Accordingly, Akobundu (1987) opined that "a plant is
therefore a weed either because |t interferes with human
activities and/or welfare, or because it occurs 5poﬁtaneously

in human-disturbed habitats".

2.3 Effects of Weeds on Craps

In the tropics where the agrléultural systeﬁ is théﬁlof
low external inputs, weeds are serious pests and have been
underestimated over the years. A majorlty of farmers in the
tropics are subsi;tence ftarmers who-do not have access to
herbicides and/or can't afford them., Consequentiy, very much
labour is spent in combating weeds. Weeds dare therefore
associated with the- drudgery that characteri;es peasant
ag;iculture in the tropics. S

| The influence of weeds in crop production is the
.cumulative effect of all possible negative interactions
inherent 1in c¢crop-weed associations. Burkholder (1952)
degcrlbed ten possible interactions ovccourring among plants

and three of them are relevant to weed/crop associations.

These are discussed below. A

R



2.3.1 Competitive effects
. Research on the effect of weed competition on crop
ylelds has been an.integfél'part of weed studies for many
years and there is considerable information on the nature and
extent of weed interference in many crops. Weed interference
reduces crop yields as the weed competes with crops for space
and limiting resources - nutrlents, light, water, oxygen and
carbon dioxide., Aldrich {1984) defined competiktion as "the
relationship betwven-two or more plants in which the supply
of a growth ﬁactor falls below their combined demands". This
ultimately leads to crop losses.

Losses caused by weeds have been reviewed by many
wbrkers {Sweet and Minotti, 1980; Z2imdahl, 1980; Radosevlich
and Holt, 1984; Akobundu, 1987). Akobundu (1980) estimated
that loases raused annually by unccntrolléd weeds in malze
flelds in Ghana, Kenya and Nigeria amounted to 55, 34 and 40%
respectively. Chuhdhary and Lagoke (i982) observed 47 to 85%
reducktion in pod yieilds from groundnut field Lrials in the
Northern Guinea and sudan savanna of Nlgeria. In a cotton
trial in the Nigeriah savanna, a 71 Lo 97% loss in seed-
cotton yleld due to weeds was reported (Lagoke and Choudary,
1982). Globally, it has been estimated that weeds cause 5%
loss in the agriculture of the most developed countries, 10%
in less developed countries, and about 25% in the least
developed countrlies (Akobundu, 1987).

Weed density is one of the impurtanf biological factufg
affecting the crop/weed balancerllfhgftrial to examine the

. T
competitive effect of Lwo weeds atbt different wensities on

e



1*
the growth and yield of sorghum (ﬁwo wéed specieé wéfe
tested-pigitaria ciliaris, a qrass, and Corchorus olitorius,
a dicot), it was found that increased weed density adversgely
affecteﬁ crop yileids., The eftect was more pronounced with
olitorius than with ciliaris at high density levels. At low
densities (up to 100 plants/mz), Digitaria was found to be
more competitive with sorghum than the dicot Corchorus

(ICRISAT, 19793/1980).

_ o
2.3.2 Allelopathic effects = I 
_ | |

The term allelopathy was first coined by Molisch (1837)
to 'refer to any biochemical interaction among plants
including micro-ocrganisms. Weeds may interfere in crop
production not only through competition, but also through
allelopathy. It is understond that certain wecd species or
some o©of their parts release ipto theiz environment
allelopathic subs}ances (Decandolle, 1932; Ripley, 1941;
Grumer, 1961; Ahdul-Wahab and Rice, 1967; Muller, 1969;
Tukey, 1969; Horowitz and Friedman,1971; Rice, 1974).
Whereas Molisch's definition includes both detrimental and
beneficial interaction, Rice (1974) defined allelopathy as
"any direct or indirect harmful effect by one plant
(lncluding micro~organisms) on another through the production
of chemical substance that escape into the environment"., By
accepting Rlce's detinition, competition can be definitively

separated from allelopathy. Whereas plant competition vccurs

through a reductiou or removal ot a

i

rowth factor needed by

poty : S AR
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bbth ﬁianfs, alielopéthf.bccﬁrs by the addition of a toxic
factor by one plant to the environiment of another, - -
Allelopathic effects have been noted for several weed
piants; Rlce (1865} noted that floweri&é'sputqé‘{Ebpha:bia
corollata L.} inhibited nitrifying bacteria. Prostrate
spurge (ELuphorbfa supina Rat.} also lnhiPited several strains
of nitrogen-fixing and nitrifying baétexla {Rice, 1969).
Several studies have also been conducted on the phytotaxicity
of leafy spurqge (EFuphorbal esuala) extracts. In_a study ot
23 plant species representing 16 [amiliés, aduebhé falliage
extracts of leafy spurge inhibited germination and seedling
.growth 0of wheat and peas (Le Tourneau 8t al., 19586).
Joehnson grass is also reported to exhibit allelopathy.
In a study of the effects of Johnson grass weed on soybean,
Abdul-Wahab and Rlice (1967) reported that Johnson grass
rhizomes living or decaying in the so0il exude, contain or
produce substances that can affect soybean growth. They
conﬁluded that iin addition to direct competibti.o and
allelopathic etfects during their active growth, Johnson
grass plants are also potentially harmful during or after
. decay of thelr residpes. This was corroborated by Rose et

al. (1984).
|

2.3.3 Weeds as hosts for pests and diseases

Studies have shown that weeds may serve as alternative
hosts for insects and plant diseases. Akobundu (1987) guoted
Bendixen (1L983) as reporting that some tropical weeds such

as Cyperus rotundus L., Cynodon dactylon L, Pers, Echinochloa
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colona L.Link, Eleusine indica L. Gaert, Imperata cylindrica
. L. Beauv., Portuluca oleraced I.., Amaranthus spinosus L. and
Cyperus esculentus L. serve as vectors for nematodes and
arthropods., Other weeds such as Qyperus distans, Panicum
maximum and Pennisetum purpureum are host for Insect pest

borers (Akcbundu, 1387). SRR

'._ . In a study of weed control in an oil palm nursery, Ndon
{1982) obzerved that increased weed competltion in the
nursery led to a greater susceptibility of the seedling to
blight diseases in the dry season and decreased plant stand
at 12 months after sowing. Enyinnia (1982) alsoc reported
that weedz of the Euphorbiaceae family serve as alternate
hosts for the cassava mealybug Phenacoccus manihotl (Matt-
Fary) and green spider mite anobyrheiibs tanajoa (Bon dar)

which accounted for over 60% reduction in tuber yield.

: : i
2.4 Microclimate Modification in Intercrops

L. . . . e
S Co . o

The growth c¢nvironment encountéred by crops in
;ntercropping is often strikingly different from that in sgle
crdpé,'the nature and degree of the difference depending
strongly on the plant type of the associated crops. The
| environmental modification usually has a significant effect
. on the growth and yield of the crops. The most obvious
modification of the environment in an intercrop is where a
short statured componenlL is shaded by a taller one.
Consequently, capture of (PAR) by the shorter crop 18
reduced. This may result in the reduction in growth and yield

0of this shorter crop, although this is not always the case
S - _ oo
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{Baldy and Stigtet; 1995). Shading may also lead to
increased plant height which can favour ledqging {Trenbath and
Harper, 1973; Chul and Shibles, 1984). Other environmental
conditfons could also be modified by sLadiﬁq, eﬁen to the
beneflt of a shorter cumponent crop. For example, reduction
in air temperature under shade may favour the growth of an
understorey crop, particularly when the ambient temperature
in a saole crop nf it is supra-optimal (Midmore et ai.,
1988b), or when the soule ¢crop 1s water stressed (Harris et
al., 1987). Environmental modification hay alsollead to an
increagse in yield of the understorey crop in intercropping
compared to sole cropping. Midmore et al.{(198Ba) observed
this in potato intercropped with malze at low density.

The =s0il environment is also modified by intercropping.
Some effects (e.g. a change in temperature) may last for only
the duration of intercrop growth; while others (e.g. soil
fert.llity) may peésist for a lony time after the intercrop
is harvested. Improved ground cover achleved by an additive
intercrop contributes to reduced soil eroaion_ and hence

better retention of soil Fertility, particularly when

spreading type cultivars are used as the shorter component

|
|

The moisture environment 1mmed1&tely bélow the soil.

{Stoop, 1988).

surface is commonly improved by interxcropping. As the soil
surface under an intercrop is not as exposed as in sole
crops, evaporative 1055 trom it is reduced. In a drying
cycle, the moisture content ot the surface 501l layer 1is

often higher under intercroup than under sole crop (Midmore



12
et al., 1988b; ovlasantan, 1988b; Ikegzgu et ai. 1%489).
Ensuring good ground cover by 1ntercrop§1ng éan alsa reduce
rungff and increase infiltration (Olasantan, 1988b).
'inéiéaged infiltration rate in an intercrop may also be
caused by increased earthworm dactivity as a result of lower
80il temperatury (Hulugalle and Ezumah, 19%1). However, in
"én additive intexcrop, so0il water availability may be reduced
rapidly.because ol Lhe more rapid development vwf leave area
and hence higher watcr use (Fukai and Trenbath, 1993).

o Shading by the heavier leaf canepy ot an intércrop also
reduces so0il temperature (Olasantan, 1988b). This may assist
the emergence of young plants of temperate species with low
optimum temperatures, as was found, for example, wilh potato
planted in maize (Midmore et ali., 1988b},. Carson (1989%)
suggested that reduced 5011 temperature under a
sorghum/groundnut intercrop may favour sorghum because of a
reduced density 01 Striga, a parasite with a high optimum
temperature for germination. S

| Reduced so0il temperature and increase molsture
.cbnditions due Eo intércroppinq may favour multiplication and
growth of some so0il micro-crganisms. For example, Singh et
al. {1986) have reported greater populations of active soil
bacterla under maize/legume intercrops. Similarly, Wahua
{(1984) found Increased numbers of rhizosphere bactexria, which
- we;e associated with a higher total nitrougen and potassium
in an 1ntérciop of maiie with melon (Colosynthis vulgaris).

Effects of Intercropping on N fixation by rhizebium is

|
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reviewed by Stern (1993), and synergism far P uptakg js
discussed by Morris and Gaztily (1993).
| From the above discussion, it could be surmised that
'Ehé miéfoélihaﬁé of an intercrop is modified when there is
a large overlap in the period of active growth of both crops.
For example, ©Ong et al. (19%1) observed that 1in a
groundnut/pearl millet intercrop of 80-105 days duration, the
onset of linear growth rate was between 35-40 days tor both
crops and the overlaps lasted tor 40 days. The development
of the leaf are.n ilndex was also similar for both crops,
peaking at 50-55 days. Such a system has a complex above
ground Interaction resulting in changes in the properties of
the canopy for Iintercepting rain and light and also as a
shelter for pests and pathogens. However to be efficlent,
these crops have to be complementary in space. On the other
hand, a system with a wide dJdifference in crop duration
(sorghum/pigeon-péa intercrop}, with a sorghum duratiun of
90-70 days, i3 known to experience very small above ground
interaction as pigeon-pea flowers at 120 days, well atter the
sorghum has been hdrvesled; this shows complementarlity in
time. Consequently, the microclimate of the former has
received more attention than that of the latter. [t is also
impoxtant to note that the growlng periods ot the varieties
used and planting deinisities of sole crops and intexcrops as
well as the limiting factors of the environment in which they
qrbw should be pszérly specitied for sufficient
understanding ot yield advantages occasioned by the
modification of the microclimate (Sﬁigtcr and Baldy, 1995).

]

ot : ' . - . ) : 1
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2.4.1 weed :e$panse to shédé.

o The competitive abllity of plants is governed, in part,
by Ehe efficiency with which they utilize light. Different
plantslqrowinq together at different helghts create light
diminution within the plant canopy. This is due to the
"filter™ condition of the different plant leaves,
Intercropping therefore alters the 1light environment of
component crops, esperially in the degree of shading
experlienced by plants growing in an understorey. | -

The effects of shading on plant physiology and

morphology have been studied extensiveiy (kvans and Wardlaw,
1976; Hawkins, 1982; Caldwell, 1987). Change in light quality
can alter plant foiin, As light penetrates a green leaf
canopy, its spectral composition is altered. The absorption
of PAR in the 0.4 to 0.7um waveband and reflection and

L]

transmission of near infra-red radiation (> 0.73um) results
in an lIncrease 1; the far-red :red ratio. 7The effect is
greater in shaded regions than in sunflecks (Allen et al.,
1976) and at low solar elevalion angles (Sinclair and Lemon,u
1973). Such shifts in spectral balance have been shown to
affect photomorphugenetic processes. Increased interncde
elongation, reduced branching and reduced leaf produvction are
typical responses to the increase in the far-red:red ratio
at lower levels in a canopy (Holmes and Smlth, 1975).
Develupmentul responses to light guality could be important
in determiniug the impact of a taller cowmponenl on canopy

development of a shorlcr component in an intexcropping

system. Kretchmer et al. (1977) have shown that the stimulus .
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for beéns to climb was related to the red:far-red ratio of
the light environmeutbt, a potentially important factor in
maize/bean intercrops. : R

Hawkins (1982) summariscd the effects of shade on the
physiology and structure of leaves. Generally, leaves that
develup in shade are thinner, increase in arvda, and display
more horlzontal orientation. Photosynthetic rate per unlt
area in such leaves is lower under hiyh light bul equivalent
or greater under Jow light. While shading reduces light
interception, causing reduction in blomass production and
partitioning to ledves, smaller leaf dry welghts are often
offset by an lncrease in specific leaf area (SLA} (Keating
and Carberry, 1993). o - “{ |

Black et al. (1969) and Garner.(1962} have feﬁorted
digferences in light regquirements among plant species., Black
et al. (1969) cla .ified many weeds as photosynthetically
efficlent; that i3, the weeds continue to fix increasing
aﬁount of carbon dioxide as linht intensity increases to
nearly full sunlight. If competitive plants or‘crops are
efiflcient at high light intensitie5,| rapid :hading will
decrease the photusynthetic rates and suppress their growth,
for examy:le of the underlying weeds.

The potentlal of shade for suppressing weed drowth has
been demonstrated (Baake and Gaessler, 194L; Keely and
Tﬁullen, 1978; Patterson, 1979; 1380). Baake and Gaessler
(1945) suygested that cultivation aﬁdithe shade provided by

grain sorghum were instrumental in controlling silver

nightshade.

i _ LSRN
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The specific eftecls of shade on difterent temperate
weed species have been extensively studied. Plant helght, dry
matter accumulation and reproduction are usually diminished
by shade (cdéber, 1966, Keely and Thullen, 19is; patterscn,
1979 1980). Relative and total pigment content and leave
anatomy may alsc be altered by shade (Bjorkman and Holmgren,
1963; Boardman, 1977; Cooper and Qualls, 1967; Crockston et
al., 1975). Reducing irradiance brings about a decliﬁe in
relative photosyithetic rates {Boardman, 1977; Crookston et
al., 1975; Patterson, 1973). shade may impair the regcowth
potential of perennial weeds by depleting the carbohydrate
stored in the vegetalive reproductive structures 1Baake and
Gaessler, 1945). | |
Measuring the amount of'irradianée inﬁercepted by crops
provides an estimale of the shading potential of some
agronomic crops. Knake (1972) collected data during August
in Illinois aml r«wported that corn (Zea mays L.} provided 92
to 97% shade at Lhe soil surface. Keeley and Thullen (1974}
reported shade levels of 80 to 90% in cottun and graln
sorghum furrows. Crops such as altfaltfa, velvet beans
{Stizolobium deeringian (small) Bort.), jackbeans (Canavaiia
ensiformis L DC), and lime beans (Phaseolius limensis Mact.),
zapidly shadlng the soill, indeed suppressed Lhe growth of
purple and/or yellow nutsedge by shading (Loustalot, 1954,
Béll et al., 1962; Magalhaes, 1919, Botha, 1971)., William and
Warren (197y) also demonstrated that crops which zapidly
shade the soil surfuace require less mainlitenance for purple

nutsedge control than slower growinglcrqpé. They reported
. N LT .
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thét Qarliﬁ (ﬁlljum sativum L) needed to be free of purple
nutsedge competition for 13 weeks as compared to 4 weeks for
more conmpetitive crops, such as green beans (Phdseolus
vulgaris L.). |

In a Lrial to quantity the response of éume COMMOonN séhi-
arld tropical weeds to light (ICRISAT, L379,71980), four tesg
weed specles were employed -~ Dactyloctenium aegyptium,
Amaranthus viridis, Tridex prucumbens, and Cyperus rotundus,
Among these four weeds, Cyperus rotundus emerged as the mout
sensitive to shading. . reotundus growin under baﬁboo shade
frames that transmitted different levels of PAR showed marked
reduction in height, leaf area index {LAIL) and dry weight as
the available light intensity was reduced from 50 to 10%. The
correlation coefficient relating to per cent PAR and dry
matter was found ¢to be €.93 and this indicated the
sensitivity of the weed to shading. It was alsoc observed that
a‘sméll amount oﬁ-shading atfected the seed production and

tuber formation censiderably, indicating the potential of

shading in reducing the propagation of this perennial weed,
2.4.2 Intercropping and weed suppression

Multiple cropping is the major cropping system employed
by subsistence farmers in the troplcs. Multiple cropping may
be defined as growing more than one crop on the same piece
of land during onc calendar year {Akobundu, 1987}, According
to Akobundu (1987), crops grown on the sawme piece of lghd-in
one year may be separaled in Lime (sequential crupping) and
space. He concluded that intercropping is the ueparatiun og

wio1 b . S . : . [ : ) i
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crops in space. " Moody and Shetty (1973) detined
intercropping as the growing ot two or more cultivars of the
same or different crops simultaneocusly on the same piece of
land. B |

The ability to suppress weeds bettér than.é sble c:op
is one of the beuefits attributed to iutercropping and this
is due to the mo)e complex ground cover provided by crop
canopies in intercropping systems (Geertz, 1963; Webster and
Wilson, 1966; Walters, 1971; Enyi, 1973; Akobundu, 1980).
All crops in all cropping systems are sensitlﬁe to weed
competition if the weeds occur before the crops develop full
canopy cover. The competitliveness of weeds in any short term
cropping system depends largely on which plant (wWweed or crop)
makes better use of available space. In vrder for intercrops
to PF effective in controlling weuvds, they must be able to
show:LCQmplementarity in space by utilizing space Rore
effectively than é sole crop {Moody; 19781). | o

There «re numercus reports to the Eacﬁ .thau wéed
infestation is less in certain intexc;uPs than in sole crops.
Rahaja (1973) obserbed that the gfowlnq of. intercrops
prevents usurpation of spate by weeds. De {1974) suggested
that planting an early maturing crop of either mung bean
(Vigna radiata L Wikzek) or cowpea (Vigna unguiculata L Walp)
as an intercrop in cotton (Gossypium hirsutum L) may belp 1n
effectively utilizing the vacant spaces betwezn the cotton
LOWS without detriment-to the yield of the crup componentis.
Moody (1978) reported that the growing of a numbur ot CYrops

in close p:uiimity to one another so that the plant density
- S C
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is Qreéter than ih éole ciupping should result in greatex
- competition against weeds and thus reduce the need tor
weeding. Also, when maize was intercropped with sweet potato
or groundnut, Bantilan and Harwood (1973) observed that weed
growtli was less in the intercrop than in the sole crops of
sweet potato, groundnut or maize., However, a real intercrop
does not Jjust add the two densities of single crops. That
weed ouppression occurs in such very dense intergcrops
normally indicates competition between}the components.
Despite the claims by marly u:ﬁlrkf*.r:': on Lthe weead
suppressing abllity of intercrops (Webster and Wilsen, 1966,
Bantilan and Harwood,1973; Raheja, 1973; Moody, 19/8), there
are still conflicting reports on the labour requirements of
intercropping systems. Morman (1973) reported that inter-
cropping results in a saving in labour., He opined that such
reasoning has beeﬁ based on the premise that weeding is less
c;itical in intexdropping, and that soine opecations such as
planting of the second crop ond weeding of the tjirst could
be combined. This was corroborated by Harwood (1974). On the
other hand Day (1978} is of the opinion that the need for
weed control in intercropping is as great as that of scle
cfops. Also Shetty (1978} reported that the critical period
of weed competition in intercrops could be longer than in
sole crops. He cbserved that sorghum needed to be maintained
weed free for only the #first 4-5 weeks oi_crup growth;
whéreas for the.sorghum/pigeonwpea infercrop, the weed free
period had to Le extended Lo 7 weeks. Suryatnd (1976) had

earller reported that significantly more time was needed Lo

.;.'J_. ] . . .
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weed a corn/cassava intercrop than a cassava sole crop. He
reported that in northern Nigeria, intercrops required about
90% more labour input during June to July - the peak weeding

period - than sole crops.
2.5 Solar Radiation Capture and Use in Inlercrops

The issue o! tLhe capture and use of resources in an
intercropping system is practicully one ot the managed degree
of competition between component crops. Efticient use ot
resources is a major reason usually given tor intercropping;
and this objective is achieved by manipulating the way
component crops compete for the available resources of solar
radiation, water and nutrients,

Solar radiation provides the enerqy for the
photosynthetic processes which ultimately set _he potentlial
for crop productivity (Loomis and Williams, 1963; Warren-
Wilson, 1969; Goudriaan, 1982). PAR which is utilized by
green leaves, conservatively makes up about L0% of global
shortwave radiation (Szeicz, 1974). Daily incoming radiation
al the outer limit ol'the earth's atmosphere is u predictable
gquantity (Monteith, 1973; CGates, 1980) and although
reflection due to clouds and atmospheric turbidity aftects
the amount transmitted through to the surtace ot the earth,
dally and seasonal patterns in altenuation of solar radiation
can be adequately estimated alL most locations (Goldberg et
al., 19179; Bristow and Campbell, 1984). Solar radiation is
more reliable, compared to the high variabllity that 1is

possible in the supply of walter and nutrients Lo the plants
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o {Keating and Carberry, 1993}..-Howé§ef; as solar radiation
i a flux of eleclromagnetic energy, it must be intercepted
and utilized immediately 1o energlize the photosynthetic
procesé. It cannot be stored for later use. Neighbouring
plants theretore compete {or solur radiation by direct
lnterception. The supply of other resources and the influence
of factors such as pests and diseases act to reduce
productivity from the putential set Ly the incident radiation
regime. | _ _ : '}

There exlists extensive literature dn the interception
and use of solar radjiatlon by plants both in sule crops and
in mixtures (Donald, 1963; Black, 1971; Owonubi et ai.,197Y;
Harper, 19717, Montelth, 1981; Caldwell, 1987; OQwonubi and
Kanemasu, 1582; cCaldwell, 1487). Research on sole crops
frequently deals with thé etticient spatial capture and use
of solar radiation by manipulaling plant population ot canoby
architecture {Duncan, 1971; Rhodes and Stern, 1978). Research
on mixtures has concentrated on the competition tor resources
between specles; the emphasis in the case of competition for
light has been placed on the ability of one species to
compete with and shade anothepr, An effective competitor
captures resocurces quickly, but this does naot necegsarily
result in the most efficient harvesting of the light enerqy

(GCaldwell, 1987).




2.5.1 Radiation capture in intercrops

Great diversity in intercrops results troim the various
combinqtions in space and Liwme ot planfihg.dates énd spatial
distribution, leaf slze, shape and orientation and plant
height. Given this diversity, several reviewers have found
1t useful to consider resource capture in terms ot temporal
and spatial dimensions (Norman, 1974; Willey, 1975%a&b;
Francis, 1989)., Planting patterns that do not effectively
exploit the available ispace at any time within the duration
of the cropping season will result in incomplete radiation
interception and, in cases where othexr rxescvurces are not
limiting, lost production. [n this sectiocn, some case studies
are presented that demonstrate temporal and spatial elements

of radiation interception in intercrepping systems.
- f

2.5.1.1 Liqght interception over time

The two major components of light interception over time
afé the duration of the crop cycle and the rate of leat area
development between emergence and the attainment of an
adegqguate value of leaf area index to intercept wost light,
Where the growing season is short, sole crops of short
duration and high plant leaf area (LA) per unit of thermal
time (LA/UTT) are well adapted, whereas such crops can often
waste resources at the end of a longer season. Few crops of
long duration exhibit a high value of LA/UTT, one éxception
being kenaf (Hibiscus cannabinus L.) {(Carberry and Muchow,
1992). More commonly, wviops of long duration, such as

cassava, sugarcane or pigeon-pea, have low LA/UTT area per

e D !
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unit of thermal time (LA) lKeatihg;et'ai., 19t2; wallace et
al., 1990) and Lheretore show an extended period during which
zadiation.l.is last during early crop development,
Intercrloppinq of short duration, LA/UIT high cr..ps with cfops
of long duration but low LA/UTT can theretor: provide the
oppurtunity for enhanced temporal capture of rediant energy.
" The combination of a short season cereal and long séaédﬁ
pigeon-pea 1s the best documented example of enhanced
radlation interception through betler tempora:. patierns ot
canopy development. The majority of reports on this system
comezs from India, involving sorghum {(Natarajan and Willey,
1980as&b, 1985; Ran and Willey, 1983b), maize (Sivakumar and
Virmani, 1980, 1984) and millet (Rao and Willey, 1983a).
Reddy et al. (1989) also reported on pigeon pes intercropped
with groundnut. Characteristically, the patiern of light
interception in such intercrops initially follows that of the
fast growing compénent under sole cxﬁpping and, later, that
of the slower growing component under sole cropping, with a
longer growth cycle, As the short season intercrop component
generally sufférs liftle competition for light and because
0of the lengthened total creop duration, cumulative light
interception in such intercrops is indeed enhanced compared
to that of the short seasaon sole crop as well as the long
season sole crop. oo
Caution is neededl in comparing the etfficivncy ot
intercropplnq systems Qhose compenents dilfer in their lite
cycle. 1n the above examples, the.mqre complety capture of

radiation by' the intercrop early In i{ts cycie 1s otten
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. négated by the drop in light interception aiter harvest of
. ! :

the shorter season crop (Keating and Carberry, 1991},

2.5.1.2 Light interception [n space {
B

The enhuncéﬁtut nf light interéep 1oﬁ through petter
spatial arrangement of conmponent canhopies is clearly
assoclated with the temporal distribution of leave area ads
discussed in the previous section. However, ciops of similar
growth duration aud rate of leat area development can still
giffer in light interception bLucause ot dirterencés in their
vertical arrangement ot toliaye due to the canopy
architecture, or in horizontal arrangement due to planting
pattexn. In discussing light interception in space, it is
useful to divide lutercroping systems into "additlve” a4ang
"Yeplacement" systems. In an additive system, one crop
component is planted in a similar arrangement to its sole
crop.equivalent and 4 second componént iz added, suach that
total plant density increases. In those systems in which
canopy structure can be considered horizontally homogeneous,
light 1ntercep£10n ié essentially one-~dimensional. In a
replacement intercrop system, a number of rows ot oné.cfop
component are replaced by a secaond component with total
plant densily nol  necessarily changing. Consequeutly
horizontal canopy :structure becomes more heterogenéous;.ahd
differences accourding to horizontal position, in the
attenuatlion of liqghk in the vertical dimension, necd to e

conglidered.

' o T A PR



In an additive intercrop, canopy structure varies with
plant height, reflecting both the canopy characteristics ot
component species and the ijwpact of thelr interaction. A
relationship tn tLhe ftorm of Beer's law Can adeduately
represent the downward attenuation ot light within such
canopies, although, as in sole crops, the assumptlon ot
horizontal homogencity will not hold eariy in c¢rop
development (Keating and Carberiy; 1993}). '"The tlatter
concluded that the  ztinction coefticienls developed for sule
crops need not necessarily apply in a mixture oE species,

1f the extinction coefficients (k) ot component canopies
are similar and if the intercrop results in increased total
leaf area index (LAl} over the corresponding sole crops, then
the amount of 1light intercepted by the intercrop will
increase relative to that for the sole crops (Keating and
Carberry, 1993)., Likewise, the addition of an understorey
intercrop with high values tor K to'crops with low K, would
increase the whole canopy extinction coefficient, ihcreasinq
light interception of the intercrop at a given value ot LAIL.
However, reseacchers ugree that such spatial advantages are
difficult to achiueve in reality because sole crops, when
planted at high densities, can achieve high LAI and close to
complete radiation capture themselves. Cases where better

spatial cover of the land surface has been achieved with

e intercrops merely reflects sub-optimal densities in the sole

crops - a problem that is reported to cqnﬁqund wany intercrop
experiments. In Lowe cases, density has been ignored (e.qg.
Fisher, 1979; &ahmed and Rao, 1982; May 1482; chul and

d o - G R A
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S8hibles, 1984; rawusi, 198%; Lightfooet and Taylor, 198?;
Lightfoot et al., 1987; Olasantan, 1988J4) and in others,
while a range of sole crop densities have been exanined,
" optima were not achieved { Fawusi and Wanki, 1942; Tariah and
Wahua, 198%; Ssekabembe, 1986). Whereas:the reguirement that
intexcrops be compuared Lo sole crops grown at their optimal
plant population is widely emphasised (Willey, L979%a}), "many
experiments purporting some 'intercroping advantage' remdain
eqgqulvocal because of uncertainty over whether the observed
advantage is merely a response to plaqting density, rather
than to intercraopping per se” {Keating.and Carberry, 1993},
Changling the spatial arrangement of intercrops, elther
vertically or horizontally, does modify the balance ot
interception bebtween component canople;. conseguentiy, wmany
workers have been attracted to the concept of an ideal canopy
structure for interxcrops. The most common suggestion is for
vertical canopies'of NAaCrow leaves; with the upper leaves
increasingly angled (lower K values) to allow radiation to
penetrate the canopy and avoid light saturation of the upper
canopy leave (Willey,'1979a; Fordham, 1983; Trenbath, 1986).
Such canopies generally do not occur in natural communities
but intercropping provides a means of achieving this canopy

structure through management, [
. B
There is a Jdearth of information on the precise

estimates of K. Sivakuwar and Virmani (1984) reported no
siéniflcant difference between K values for sole wmaize (0.64
¥ 0.11), sole pigeon-pea (U.69 2 0.26) and an intercrop {(0.6¢6
x qt??)_whose'LAl consisted of 2/3 maize and 1/3 pigeon-pea.

|
|
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However présentation of data on percentagé lighf iﬁﬁetception
and LAI presented by Harris el al. (1987} did suggest an
intercrop canopy where the extinction coetticient of the
taller‘ sorghum was Jlower f{han that of the underétﬁrey
groundnut. Wallace et al. (1990) studied light extinction in
maize/sugarcane mixtures and assessed the pruperties of the
lower sugarcane component by progressively removing areas éf
the taller maize plants. Bxtinction vcvoetticients were
measured for Lhe mixlLure and for the sugarcane component in
the mixture. Light extinction by the maize compoﬁent in kthe
mixture was calculated, Extinction coefficients rose with
time and the wvalwe in the mixture (maximum K = 0.5) was
Intermediate butween ihe sugarcane [maximum X = 0,.2¢) and
malze (maximum K = 0.6) components.

‘ Radiation fluxes in crop/weed mixtures arc increasilyly
receiving attention. Haizel (1972} explored leave area and
light interceptioh profiles in mix£ures of barley, white
mustard and wild cats. While the work was done in pots with
the calculated extinction coefficients higher than normaliy
expected in the Eiéld, some genperal principle can be
identi{ied. The extinction coefficients for mixtures were
generally intermediate between the extreme values obtained
from the components in pure stand. Anowmalous 1light
Interception patterns were obtained in instances where
components with <¢ontrasting habils of leave display
interacted to form a stfuctured canopy. The K values of such
a layered canopy increased with depth in Lhe canopy and,
because of the structuring of phe mixed cancpy, could not

| Lo :
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have been'predicted ffom a knowledge of light attenuation ot
either component in pure stand. Leaf area and light
interception data trom sorghum/pigweed:nlxtures emphasize the
eEEect' of the structure ot the | upper canopy on light
penetration into the canopy {Graham et al., 1988). 1n sole
sorghuﬁ crops, lighl penetrated into the mid canopy levels
where most of Lhe leat drea wWas located. As piyweed
population increased, less light penetrated into the canopy.
being intercepted in the upper layers by the pigweed. While
not calculated by Graham ot al. (1988), ‘extinction
coefficients of the mixtured would have increased as the
proportion of the pigweed in the mixture increased (Keating
and Carberry, 1993). Examined from a dilLfexenl perspective,
gatorre and Ghersa (1987) found that the frequency of gaps
in the crop caneopy at halt the height of weed (a5 determined
with the point guadrants method) was the variuble that gave

the best predirLiLns of the weed blomasi.

2.5.2 Radiation use In intercrops

Solar'radiaiion is not.only khe energy thatbt drives
.crop productivity by the process Of photosynihesis it also
determines water use hy the procesies invoived in uvaporation
and trangpiration. Improved productivity per unit incident
radlation can result from adoption of a cropping system that
- either increases the interception ot solar radliation and/or
maintains higher radiafion use efiiciency (RUE). Minimising
the propurtion of radiant energy reaching the ground wlll
ensure efficient utilisation ot incident solar radiation and,



i
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in this regard, the previous section directed itself to
intercropping systems which have demonstrated temporal anud
spatial advantages ovef sole cropping systems. This section
will Qttempt to review the prospects of iwmproving the
utilization of the interceplued radiant energy by assessing
both the production of assimilates and their partitioning
within component crops oi intercropping systems.
o : «

2.5.2.1 Assimilate production i

The rate at which d.stand produceé drj métte;, énd the
amount produced by the time it is harvested, depend on many
environmental and physiological tacters, In ior exampie
Sguire (1993), tropical planLs are separated into Uwo groups
that differ in their rate ot dry matter production. He
observe (1) that plants.with the €3 photosynthetic mechanism,
such as rice, legumes, rool crops and palms have maxiunum
growth rates of 3;—409 per e per day, their maximum 4annigal
proﬁuctiun depending on the longevity ot the foliage and (z)
that plants with the C4 photosynthetic pathway, the tropical
cereals and grasses, l'*uave corresponding maximum rates ot bU-
55g per M2 per day, thelr maximum annual production depending
on radiation amounts received. : | “

The pringcipal cvason given tor the high'pzuduétivity 6:
intercrops with diftfering component duraltion is that the
components grow actively at different times and hence
competition for reamulce;u i less intense than when Lhe
comiguhivils Bave o Slwllas gLruwth rhythm_(l:’._a_ker, 1981; Okigbo,
1981, Rao, 1986). Taken over the wholé éfowlnq season, the

. i
bR, I
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'fesburcés are captured moure complepﬁly and used more

~efflclently than in corregponding 501; érops (Fukai and

Trenbath, 1993). - o

When intercrup cumponents have similar growlh durations,
thelr peak regulrements for resources commonly occur at the
same time, resulitiny in intenuve competition tor liwmiting
resourées. Intercropping advantages are nobL as large or as
obvious as ttiose with crops of ditfering yrowth durations,
and vary from 'substantial' (Rao and Willey, 1l940) Ltoo 'low!

{Rao, 1986), and t« negative (Cenpukdee and Fukal, 1992a&b).

Less commonly found in farming systems, iutercrops ol
this type include maize/soybean, a major rainted cropping
system in Indila, and maize/melon and maize/cowpea in Westk

Afrlica (Rao, 1986). When farmers nhoase to grow together

crops with similar duration, they tend to combine them in

replacement Lype intercrops, therefore aiming tor 4 plant
pqpulation densily that is usually not wmuch higher 1ia
intercrop than in sole crops (Fukai and Trenbalh, 1943).

Combinations inveolving slightiy Jdittering duration

{millet/sorghum) or mixtures of early and late maturing
cultivars of.the sdme species are used iu areas of variable
growing season length to exploit the occasional favourable
season yet iﬁsufe against total fallure in untavourable
seasons (Rao, 1986; Nageswara Hao et al., 1990). if a season
is long, the later maturing type takes advantage of the
abﬁnﬁant zesouzcés, whereas 1t the season is short, the early
maturing type glives o reascnuble yilveld. |

T
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'+ 2.5.2.2 Assimilate partitioning and crop yield

Assimilate partitioning between the structures ot a
"plant is influenced by all 1ihe main envirunmental and
management factors. When cowmpelitiun occurs during the yield
production stage, the supply of assiwmilate to develop the
harvested part may be reduced and hence Harveust Llndex (HL)
may be low. Thus HI of a fast maluring crop may be reduced
if competition with a later maturing component i3 severe
towards its maturity; fur instance, a reduced tor an eaxly
maturing componenlt ocrop was observed ln_ mungbean when
intercropped with sorghum (Balasubramanian and Rao, 1484j,
and also inp soybean and cassava {(Tsay et 410., 1935, 1luyyBa&b},

On the other hand, when an early waturing component
matures well before a late maturing one, the HI ut the latter
may be similar to or exceed Lhat ot the corresponding sole
crop. When the removal of the early waturing crop releases

i ’ .
the plants from suppression, flowering and grain production
occur in a4 plant Lhat has a smaller vegetative structure than
in the corresponding sole crop. _

When component crops have similar growih durations,
particularly in additive intercrops, Hl is commonly reduced
relative to that in the sole crop because ot severe
competition between the component crops during later stages
of growth (Rees, 19B6). For examplé, H{ of bean of non
climbing types was reduted when intercropped with maize,
though combined Lotal dry matier incieased (Davis et al.,

1984). Similarly, in a cassava/bigeon—pea intercxop,

)
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ptoloﬁged.édmpetition between the component crops reduced the
- HI of cassava (Cenpukdee and Fukai, 1992c). | |
Crop yield is related closely to assimilate production
fﬁ.durlﬁq the yield developmeﬁt period of crop growth, although,
according to Keating and Carberry (1923), it is diftficult to
relate yield directly to solar radiation because of factors
that influence the relative contributions of assimilates
produced pre-anthesis and post-anthesis. Generally, Shadinq-
and the reduced assimilate production will have the least
effect on yield it competition occurs during vegetative
growth, and conversely, the greatest effect it it occurs
during the reproductive growth phase (kBvans and Wardlaw,
197€). The temporal advantages of some intercropping systems
in light interception are therefore also apparent in yield
production. ':. !

|
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MATER1ALS AND METHODS
3.1 Experimental Site/Soil Type and Geology

Thé experiﬁentS'were done as supportive research to Ph.D
research by Oluwasemire (Stigler et #1., 1995) in the content
of the project Traditional Teghniques cf Microclimate
Improvement, in which collaborate the Ahmadu Bello University
(Geography Department), the Institute for Agricultural
Research (Department of BSoil Science. ABU) and Wageningen
Agricultural University (Depiartment of Meteorolégy), The
Netherlands., SR . |

The experiments were located at the International
Institute of Tropical Agriculture research farm at Minijibir,
40 km KW of Kano (latitude 12' 11'N and longitude 08 43E; 500
m asl) which falls under the sudan savanna zone. Kano has a
ﬁonqudal raintall pattern with an average rainfall of 690
mm/year. The soil type, classitied as a Typle Ustipsamment
{(Institute ftor Agrivullural Reseagch, 1987) is well-drained,
shallow (<1 m) and immature with evidﬁnce of little protile
d1flerentiation. Formed mainly £rom unconsolidated sands, it
is characterized by critically low o0:janic matter, low CEC
and low avallable phosphorus. The sandy nature of the soil
is attributed to the granitic and gneissic orlgin of the soil

.

parent material.



3.2 Crop Varieties Planted |

.Except for the introduction of the improved grain cowpea
{17T86D-719) in the 1995 trial, all the crop varieties for
1994 trial were repeated in 199%. For the miliet, only the
local varlety (Ex burnu) was used. Sorghum had two varieties
~ the local variely (Gaya early) and the improved Qariety
{I1CS$V-400}. Dan~1lla was the only local varietly of cowpea
used in the trials. It is a spreading cowpea witin high ﬁodder.
" Ccharacteristicvs, 7Three improved varieties ol cowpea Qure“
used-IT86D-719,1 T8YKD-374 and ITHBD-BLT-11, Bred by 11lva,
they have high grain production characteristic as compared

to Pan-1Illa.

Ia
3.3 Experimental Trieabtment }
|

The treatments include two prominent intercrops of
cowpea with millet and/or sorghum, their sole crops, and at
twé fertility ievels. The specitic'lj treatments tor L1444
trial are listed Lelow: I}ﬂ

millet/cowpea + organic manure oniy,

millet/cowpea 1'1norganic fertilizer + organic manure,

millet/sorghum/cowpea + organic manure + Lnorganic. |

fertilizer, i
millet/sorghun/cowpeu + organic manure oniy,
sole millet + organic manure only,
sole millet 4 vrganic manure + inorqanic 1ertiiizer,
sole sorghum (Gaya Barly) + otdanlc manuce only,
sole sorghum (Gaya Barly) + organic manure +
inorganic Feulilizer,

T A
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sole sérqhum {1CVS8-400) + organic ﬁanufe + inorganic

fertilizer,

socle sorghum (ICVS-400) + organic manure only,

sale cowpea (Dan-1lla) + organic manure only,

s0le cowpea (1T89KL-3IT4) + organic manure only and

sole cowpea (I[TBBD-867-11 + organic manure only.

However in 199%, IT86DL- 713 variely of cowped was added
to give a total of 14 treatment tor L4943,

. ) I
3.4 Experimental vesiyn/Replication

The experimental design used waé a fwo tacLor expariment
in a randomized complete block design (RCB). The two factors
were two levels of fertility - organic manure only {cow
dung) and organic manure + inorganic fertilizex (NPK) and
crop variatlies. 1u Lthe 1994 t.ial, the intercrops had 4
replications while the sole crops hag 2 replicativns. In
1595, the sole crops were replich;d 3 btimes and the
intercrops maintained at 4 replications,

- . |
3.5 Seedbed Preparation ' : |

r
|

For both trials, a total of 0.6ha of plot was harrowed
and ridged. Organic wmanure (cow dung) was harrowed into the
plot. Harrowing and ridging were Jene using the tracter.
Ridging was donie in the E-W direction with an inter -row

distance of 0.75n wmalnlained bLuelween ridges
' |
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3.6 Time of Planting

In the.1994.tria1, millet was first planted on the 18th
af June. Due to lack of sufficient rain, millet was replanted
~on the 23xd of June. Sorqghum was planted on the 30th of June,
while cowpea fodder (local cuwﬁea] and cowpeu yrain(improved
cowpea) wete planted on the 7th of July. Planting was done
in the N-35 direcltion., In the 1995 trial, milliel was planted
en the 13th o¢f June, tuvllowed Ly sorghum two days later.
Cowpea was planted two weeks after millet on the 27th of
June, when the rains were relatively established. FPor all the
treatments, millet and sorghum were thinned Lo 2 plants per
stand two weeks after planting while sorghum w.... maintalned
at 4 plants per stand. The plankting pattern is depicted in
Figure 1. buring both vyears of the study, in the
millet/cowpea intercrop combinations, cowpea was planted
withln rtows of millet and at 2m. apart giving a plant
.pdpulation for each varlety of 6467 plants/ha or a total
plant population of 13333 plants/ha for the two cowpea
varleties used i1ua the intercrep. In the same millet/cowpea
intercrop combinations, millel wus planted abt 2 m apart and
with 2 plants/stand to give a plant population ot 13333
plant/ha. In the willet sorghum/cowpea arrangements, sorghum
replaced alternate rows of millet to give a plant population
with 2 plants per stand of 13333 plantu/ha. Except for sole
crop arrangements of Dan-1lla and IT89kD-374, that were
planted at 0.75m apart (due to theilr protuse branching
habit), other sole crops were planted at 0.5n apart. Sole
cowpea Daanlla and IT8OKD-3/4 planted at 0.75u apart gave

;
|
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a'piantiﬁg populatica with 2 plauts/stand of 35555 plants/ha.
Other sole cowpea varielle. planted“atwd.sﬁ apart and with
2 plants/stand gave a plantiny population of 53333 plants/ha.
" Por bouth trial, sole millet was planted at 0.5m apart and
with 2 plants/stund te give a planting population of 53333
plants/ha. The planling population for sole sorghum planted
- at O0.5m apart and with 2 plants/stand was 53333 plants/ha in
1994 trial. In 1995, sole sorghum wdas planted at 0.5m apart
and with 4 plants/stqnd to give a populativii 6f 106666

plants/ha. t'lanting arrangement is depicted in Figure 1,
3.7 So0il Heasurements

Pre-planting and post harvest soil samples were
collected for the two seasaons (leleg 1ah 1b and 2). Particle
s50il analysis was carried out by the hydrometer method. Soil
pH was Aetermined in 1:2.9% s0il:wakter suspension with a glass
alectrode pH meter. Organic carbon was dotermingd hy the wet-
oxldation methud of walkley Black. Exchangeable basuvs were
displaced with 1IN NH40ArC buffered at pH 7.0. P and Na in Lthe
extract were detcomined by flume photometry while Ca and Mg
were determined by atomic absorption spectrophotometry.
Available P was determined by the Bray-1 method. Total N was
determined by mécro~ﬂjeldah1 procedure described by Bremner
(1965). Cu, Mg, Zn and Fe were extracted with 0.18 HCl and
determined on the atomic absorption spectLrophotometer.

|
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Table 1(a) Pre-planting soil analysis

=T

Particle size Analysis

Exchangeable cations (cmel(+)k3)

Micronutrients

% Sand 9 St % Clay Ca M3z K Na Ma Cu Za OMn pHHO OrC EplN ON Bny-1

—> mgky -—-> 01 gkz gk Ratio m2K3
86 3 7 133 032 014 142 006 03 19 276 7.0 22 034 6.3 147
36 8 7 123 0.44 .12 034 003 03 L6 213 6.9 31 029 11.0 187
83 6 7 1.23 0.36 0.16 033 003 03 03 234 7. 24 028 86 163
33 8 3 110 0.30 018 033 004 04 0.4 213 6.3 23 0Z8 100 131
83 8 3 130 062 018 032 003 03 1.4 247 7 28 027 10.0 19.7
83 8 3 191 0.62 014 033 005 04 L7 186 m...« 2.3 033 76 173
838 ) 7 2. 0.89 013 030 003 02 L0 193 - 3.1 031 10.0 141
86 10 5 124 049 0.28 040 006 04 11 302 73 LR 0.39 9.7 129
86 B 1) 10.96 2.79 0.19 034 004 03 03 235 6.6 29 028 10.0 10.7

S e

1
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Table 1(b); Organic manure (cow dung) analysis.

Exchangeable cations Micronutrients
P-Bray-1 Kjel-N Ca Mg Na K Cu Zn Mn
mg/kg g/kq omesmiinss anol(+)/kg-=—--~ > R iearn YR >
162.7 3.92 13.4 6.2 10.3  12.9 13.3 93.9 93.9

163.2 4.01 13.3 6.3 e s S = R 22.6 9.9 96.9
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3.8 Radiation Measurement

| a2

Light transmitted through the canopy was mcasured using
@ Model SF-80 Decagon sunfleck ceptometer. This model has 6o
light sensors placed at one-centimeter intervals aloug a line
probe. When the probe is inserted hcorizontally into the
canopy, a& microprocessor scans the 80 sensofs. An average
reading of all the sensors (in micromols per square meter and
per second) is displayed and cun be stoced in the in-bujilt
Memory . | | |

Sunflecks are the fully bright areas under the canopy
where dlrect Dbeam solar radiation penetr.ates witheout
atfenuation by the canopy. The fraction .1 the ground
covered by sunflecks (sometimes called the canopy gap
fractlon) is & useful measurement for determining canopy
cover. Light readings were measured by inserting the
ceptometer probe ?elow the crop canopy bul above the weeds.
This gave actual light transmilted by the part »f the canopy
above the weeds and hence polentially interccp .ed mainly by
weeds. Referencge rea@ings were simultaneously Laken outside
and above the crop canopies. The ratlo of the two readings
gave the percentage light transmission at -he level of
measurement, Recording measurements in  pe uentagel ﬁas
considered better Lhan using absolute intensities, because
the latter would b. affected by variations in .loudiness at
different period. of mgasurement. o
Light readings wure done in the centre ouf each plot

marked as the final harvesl area. In the willet/cowpua

intexcrop tor 19494 experiment, gctual light interception for

e e

. . . . ol
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millet-millet (M M) arrangements was recorded by inserting
the ceptometer probe below the canopy of two immcdiate millet
stands within the same ridge (on ridge = OR). Thereafter,
reference readings were taken above the overall crop canopy.
The same methodology was employed between the ridges (BR) for
the millet-cowpea improved variety (M-CG) and millet-cowpea
local wvariety (M-CL) as shown 1In Figure 1 for 1994
experiment. However, for 1995 experiments, light readings
taken between two adjacent improved cowpea varieties (CG-CG)
on the same ridge and two adjacent local cowpea varieties
{CL-CL) lying on the same ridge were lincorporated for the
millet/cowpea intercrop as indicated in Figure 1.

In the millel/sorghum/cowpea for both experiments, l1ight
readings were taken by inserting the ceptometer probe between
two adjacent stands of millet-sorghum (M- 8), sorghum-improved
cowpea (8-CG), improved cowpea-improved cowpea (CG-CG),
improved cowpea~m{11et (CG-M), sorghum-local cowpea (S-CL),
local cowpea - local cowpea (CL-CL) and local cowpea-millet
(CL-M) see Figure ) under millet/soryhum/cowpea arrangements.,
1n each reading, zefer.er.ce readings were simultaneously taken
outside the crop canopies where there were no shadows.

For the sole crops, the ceptometer was inserted below
the canopies of two adjacent crops on the same ridge (OR) and
also below the cunopies of two opposite crops between two
ridges (BR). Reference readings were also taken outside the

canopies.
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3.9 So0il Temperature Measuremenls

S0il temperature within the different treatments was
.measured using platinum resistance sensors buried within
7.5cm séil depth. These sensors were connected to a Campbell
21 micrologger (located outside the plot) to give temperature
readings at every 30 seconds that could be averaged over
larger periods. The sensors were buried in horizontal
- direction as burying the sensors in a vertical direction
would gilve a conduction along a temﬁefature gradient thus
giving incorrect readings. _ . - |

In the 1994 experiment, eight soil temperature sensors
wefe used. The sensors were nol positioned with respect to
a specific plant but were placed anywhere within the chosen

canopies. Thus soil temperature sensors were place in:

~ ' sole soryhum (Gaya eusrly) OM + IF;
Rh%f millet/cowpea intercrop Oﬁ + LF;
- 1m111et/;orghum/cowpea {OM) ;

-~ millet/sorghum/cowpea (OM t+ IF);

- sole millet (OM};

—- Isnle cowpea; ?

= sole millet (OM + IF); and

,? . millet/cowpea (OM) canopies.

Howevér, for 1995 experiment;'tén SEN50T5 wWere used,
PiaCEmanﬁ of the sensors were doune with respect to plants,
Thus, the sensors were inserted under:

= millet in millet/cowpea intercrop {OM + TF);

;o

|
1
|
|
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- improved cowpea (IT89KD~374) in millet/cowpea

interxcrop (OM + 1F);

i’

- local cowpea (Dan-Illa) inmillet/cowpea intercrop
(OM + IF);
- sorghum {Gaya early) in millet/sorghum/coﬁpea

interciop (OM + IF);

- S8orghum (Gaya early) inmillet/sorghum/cowpea (OM);

- millet in millet/cowpea intercrop (OM);
- sole willet (OM + 1¥);

-~ sole sorghum (Gays early){OM + [F);

~ sole cowpea (Dan-Illa); and

- . control. |

The control sensor was placed outside the experimental
plot and kept vegetation free throughout the experiment,

Results are shown in Figures 2 to 7, and 14 and 15,

3.10 Canopy Temperature Measurcments

C

Canbpy températuré was measuréd with an Ewverest
Interscience Model -120 hand-held Iinfrared thermometer
(Everest Interscience, Inc., Tustin, CA). The . spectral band
pass of the instrument was 8 to 14 uym with a resolution of
0.1°C and a field of view of 2°, The instrument was placed
lm directly overhead and at about 60° angle to the horizonal
and 30° to the vertical degreeé angle to the top of the
canopy. The average of the two readings gave an idea of the
temperalure of the upper layer of the canopy as viewed by the
instrument. Measurcments were usually'done under fully blue

skies. . - T
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3.11 Weed Inventory IR

Weed 1nvent0fies included identifying the weed types and
taking  their shoot blomass at different stuges of crop
. growth. Weed samples were collecped from a guadrant of 1lm x
lm in two randomly chosen. locations per plot.
Phytosocliological observations on weeds were recorxded to
detect and compare variation and changes in weed community
as affected by the treatments. A gquantitative measure of
biomass as well as percentage frequency of occurrence were
recorded. Percent fregquency of occurrence was determined
through numerical estimates of the ratio of individual weed
species to the total population oi weeds present in the
quadrant., Percent frequency, percent weight contribution of
individual weed to total weed blomass (shoet biomass) were
uged in detesting the trends of weed infestation in the
_vifious treatments. After identification, the samples were
6§én—dried at 60C tor 76h and welghaed to determine the shoot
biomass, - ! |

. . . 'l
3.12 ﬁeteorological.Data |

Data from tﬁe meteorological station situated at about
200m from the experimental site were recorded as shown in
Appendices A and B for 1994 and 1?95 cropping seasons

respectively.



CHAPTER 4

RESULTS

+In Minjibir in particular and in ihe sudan éavanha of
Nigeria in general, 1994 cropping season was characterised
by late, inadeguate and exratic raintall pattern. Long
intervening dry spells were common during Lhe cropplag
season. Expectedly, this affected germination, seedling
growth and vigour; und crops, particularly millet and sorghum
had to be replanted. 1In 1995, the rains were stab}e and more
in line with expectaltiuns. Rainfall pattern tor 1994 and

1995 trials are as shown in Figure 2.
4,1 Weed Biomaus

The dry-matter yields of weeds (weed biomass) for the
various cropping systems are presented in Table 2a. In 1994
experiment (Table.3a), weed dry matter was statistically
significantly higher under sole cowpea Dan-Illa on Jullan Day
(JD) 244 (for part of Lhe treatments) and 274 (70 and 100
days after sowing {D&S) of millet respectively). On JD 213
(40 DAS of millet), the weed dry matter was statistically not
significantly different among the treatments. However, sole
cowpea Dan-Jlla still maintained the highest dry weed weight.

In the 1995 experiment, the dry weed yields an JD 182
(18 DAS of millet) were not statistically significantly
different. On JD 213 pé? DAS of sorghum)} and JD 244 (77 DAS
of sorghum), sole sorghum ICVS-400 with organic manure
treatment consistently showed statistically significantly

higher weed dry wmatter (Table 3b}).
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Table 3a: Effect of cropping systems on weed biomass

———— i

Weed Biomass (q/nf)

Dates in Julian Day

1994

Cropping system 213 244 274
M/C OM + IF 21.35 11.69bc* 33.58bc
M/C 12 13.16bc 29.80bc
M/S/C OM + IF 20.9% 9.92c 30.87bc
M/S/C OM 3.1 9.7c 31.88bc
Sole millet OM + IF 28.5 8.31c 17.94c
Sole millet OM 25.8 11.04bc 28.86bc
Sole sorghum G.E, OM 1+ IF 21,55 15.63bc 16.'7c
Sole sorghum G.E. OM 13.20 22.32ab 7.94d
Sole sorghum ICVS-400 OM + IF 28,45 26.1lab 28.36bc
Sole sorghum ICVS8-400 OM 25,40 20.65ab 34.83bc
Sole cowpea - Dan-illa 42,95 39.88a 98.07a
Sole cowpea - 374 35.65 21.2%ab 42.33bc

Sole cowpea - B67-11 17.35 13.25bc 55.5b
Sole cowpea - 719 - -

*Only figures followe by different letters in the same column for each
experiment differed statistically significantly at 5% probability (DMRT).

M/C = Millet, wwpea intercrop.

M/S/C = Millet/Sorghuny/Cowpea intercrops
oM = QOrganic Manure

1F = BEstimated inorganic fertilizer
GE = Gaya early

Sole Cow = §Sole cowpea

Sole Sorg. = Sole Sorghum
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Table 3b: Effect of cropping systems on weed biomass

Weed Biomass {q/‘nh

Dates in Julian Day

1995
Ctum)in(i_sx:il.un 182 213 244
M/C OM + IF 12.85 43.772b 6.33bc
M/C OM 13.41 8.33cd 4.93bc
M/S8/C OM + 1F 7.17 29.04bcd 4.25bc
M/S/C OM 27.04 38bc 4.1bc
Sole Millet OM + IF 12.14 12.12bed 6.68bc
Sole Millet OM 26.26 14.98bod 6.6bc
Sole Sorghum G.E. OM + 1F 5.35 21.18bcd 10.96bc
Sole Sorghum G.E. OM 14.63 20,46bcd 6.95bc
Sole Sorghum ICVS-400 OM + IF 793 15.28bed 14.9bc
Sole Sorghum ICVS-400 OM 10.28 88.15%a 32.93a
Sole Cowpea Dan-illa 4.85 13.17bcd 8.03bc
Sole Cowpea - 374 4,1 5.88cd 2.3c
Sole Cowpea 867-11 13.9 2.244 18.03bc
Sole Cowpea - 719 4.94 26.37bcd 20ab

* Only figures followed by different letters in the same column for each
experiment differed statistically significantly at 5% probability (DMiT).

M/C = Millet/Cowpea inlercrop,

M/S/C = Millel/Sorghun/Cowpea intercrops
oM = Organic Manure

IF = Estimated inorganic ferlilizer
GE = Gaya early

Sole Cow = Sole cowjea

Sele Sarg. = Socle Sorghum
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The increase in weed.dry matter for solé cuwpea.Dan-Illa
in the 1994 experiment was obviously due to the intervening
dry spell occasicvued by the erratic rainfall pattern chserved
Eorh1994 cropping season. Dan-llla being a local varlety of
'.coﬁbea could not exhibit its characteristic branching habit
to cover the ground in an environment of soil moisture stress
I{due to the dry spell), especlally as it was planted at a
gréaﬁér gpacing {0.75m + 0.7%m) than other sole crops planted
at 0.5mw x 0.75m. Becausc of this, there was more light
penetration down the canopy to enhance weed propagation for
sole cowpea Dan-1llla treatment for the 1395 season, there was
no intervening dry spell as the rainfall pattern was well
established throughout the season. Cowpea Dan-Illa had
enough moisture to exhibit ils branching charuacteristics and
so0 produced enough tanopy cover to suppress weeds. However
sole socghum ICS3V 400 with organic matter treatment was
poorly established Lhus providing downward light attenuation

. | .
for weed propagation. '

4.2 Weed Frequency

Bequence o0of weed incidence and freguency of their

occurrence changed as the season progressed. In both years '

of cropping, Digitaria horizontalis Wild, Cyperus esculentus
L. and Comme: 1 fna benghalensis L. were the major
monocotyledonous weeds thal showed dominance. Acanthospermum
hispidum DC, |Spcimacoce verticullata L., 0Oldenlandia
corymbusa L. anu Jpomoea erioprarp R. Br. were the few

dicotyledonous wecd: of relative dominance compared to the

[ L] 1 .
i L L . !
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qrésses. In 1994 experiment, Cyperus esculentus L., showed
higher freguency &t second sawmpling (67 DAS of rnillet);
followed by Spermacuce verticullata L. as shown in Table 4a.
As the season progressed, there were changes in dominance as
Spernacoce verticullata L. exhibited higher frequency than
Cyperus esculentus L., (Table 4b). cChanges in weed flora were
also observed as shown In Table 4a and 40b. it was
particularly noti.ed that Hyptis lancocelala Polir, Cassia
minosoides L., Euphorbia hyssopifoviial.., Ipuinvea Involucrata
P. Beauv, and Sida acutsa Burna. £. were absenl in'the second
weed sampling (the active cropping season) but present in the
third sampling which was done at the later part of the
cropping season. Neadiags for the first weed sampling could
not be taken due to logistic problems,.

;h_?he absence of Hyptis Lancocetata poir, Cassla
miéosoides L., Buphorbia gtssioufikua L,, Ipvmea Involucrata
P. Béauv. and Sida.ucuta Burm. £. in fhe setond weed sampling
for 1994 and thei. subsequent presence in the third sampling
a5 ipdicated in Tables 4a and 4b suggests that these weeds
thrive better under iuwur shade. Third wced sawmpling for
1994 was done when all of the millet and % of the cowpea
varlieties were experlencing senescence. The sebtting in of
senescence with attendant reduction iIn crop leaf area
resulted in reduced canopy cover. Light was able to
penetrate down the canopy for the propagation vf these weeds,

On the other hanﬁ, Mariscus alternifolius, Eleusine
indica Gaextn., Cynoden dactylon, crotalaria wmacrocalyx and
Plafostama africanum were present during the second weed

§ .
¥ Wy . : : I :
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Table 4(a): Percent relative incidence of weeds 10d their sequence of frequency oa JD 244 1994 2nd Weed mmpling)

— g T e — o
WEED TYPE

Cropping system 12 2 3 s S 6 7 8 9% 9 n 12 1B HLBB 19 2021 2 23 2430 31
M/C OM + IF* 3011 284 170 114 739 558 51.14 0 0 g 0 0 0 0
M/C OM 4334 1567 228 6.6 50 067 03 168 18 03 20.19 3.65
M/S/C OM + IF 31887 498 2498 06 0.73 315 042 036 18 205 1875 0.18
M/S/IC OM 202 13.57 1804 605 203 056 57.56 0.19
SM OM 1153 029 149 023 033 1395 2958 023
SMOM + IF 2164 205 036 7B4 1.49 1344 1.3 11.53 3837 1.75
SSGEOM =~ IF 1838 084 1450 110 141 1.10 372 083 572
58 GE OM 128 213 839 o8 0.15 266 6368 1.07
SSICVS 00OM + IF 030 021 215 483 074 064 916 082 223 7906 0.40
$$ ICVS 400 OM 392 505 4081 11.7¢ 0.2 038 286 221 3189 0.44
SC Dan-illa 037 1027 %6 104 1814 » 63.72
SC-374 2.6 3595 205 472 8480
SC 867-11 876 052 177 154 1626 6596 052 s
Totl 1039 1145 587 109.4 2451 1221 3856 861 271 473 077 1537 69.98 627.7 804 013 9.44
F - = = £ - = = %
*MC = Millet-cowpea miercrop SSGE = Sole sorghum Gaya early
oM = Organic manure S$S/1CVS-100 = Sole torghum KCVS-400
IF = Estimated morganic feriilizer (NPK) s3D.IL1LA = Sole cowpea Dan-illa
MSC = Millet-Sorghum-Cowvpea inkrcrop SC-374 - Sole cowpea ITESKD-374
SM = Sole Millet SC867-11 = Sole cowpea ITESD-867-11

SC-719 = Sole cowpea TTBSD-719
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Tabic 4(b): Percent relative incidence of weeds and their sequeace of frequency on JD 274 1994 3rd weed sampling)

= e S = — s S
Weed Type

Cropping system 2 3 4 5 &6 7 8 9 10 1113 14 1S 16 17 18 15 2021 22 2227 28
M/C OM~+TP* 4301 348 2416 034 077 120 2124 155 034 06 1.8 077 067 034
M/C OM 2919 1047 333 0.77 035 43.76 9.2 047 217
M/S/IC OM+IF 1327 065 1887 147 3845 1222 212 622 017 643 0a7
M/S/C OM 2608 1.797 3739 050 3.0 2819 3.m
SM OM B35 024 730 0A7 3381 187 0.24 234
SM OM+IF 4572 16.09 114 1480 1224 07 3592 198 02s
SS GE OM+IF 3842 3709 028 0356 2141 113 0.28 085S
$S GE OM 6573 585 044 212 030 1634 9.56
$S 1CVS 400 OM +IF 49.40 1202 221 184 1.00 286 10.69
$S 1CVS400 OM 4871 1038 379 9.03 1528 9799 038 146
SCD.ILLA 515 058 3101 080 271 59.37
SC374 4535 132 1034 058 046 12.11 27.5%9 132
SC 867-11 1130 127 3014 216 105 3.09 4635 054 .01
Toal! 4923 1023 3234 1603 74 3542 065 "3903 495 58 368 4:51.72 1.77 0.5
gﬁ. = o =T = =
1 1linga Sqeamulata Thoen, ex Vahll § Cassia Cbtusifolia 11 Buphorhia byssopifolia Lian. 25 2. travila Hochst. ex stend
2 Spamacoce vertisullata lirn 10 Memordisa ctamartia 18 Ipomces iwaluccata P. Beawv. 26 Ceachruc Pificrus Rexd.
3 Comelina benghaiensis L. 11 Cwodn dactylon (linn.) pers. 19 §ida Acmta domm. £, 27 Ipocea ‘yssofvlia
4 Digitaria borizoatalis Kld 12 Crotalaria zacrocalyr 20 Keptuaia olaraces 28 Melapthera scandess
5 Elousine indlcs Gaertn. 13 Platostcma :fricacm A Aaaraathus spinous 29 Pragroetis atrovirers (Desf.) Trin, ex steud
§ Ipmaea eriopearpe R. AX. 14 Cyperus esculeptus Lina. R Fsiigmple iadicwn 30 Brachiz-ia lata (Schwach) C.E. Hubbard
T Acatbosperwm bispidm 15 Bwptis lanccelata Poir U Portulaces alerscea 31 Chloris piloss schumach
8 Oldenlandia corymbosa Liza 16 Cassia riresoides Lian. 24 Dactyloctenim aegyotium (Limn.) P, Beauv

-
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sampling although with lower freguencies; they were however
completely absent during the third sampling. Conversely, the
presence of £Eleusine indica Gaertn., Cynodon dactylon,
Crotalaria macrocalyx and Plastostoma africanum in the second
weed sampling for the same year (1994) and their absence in
the third weed sampling indicates that these weed are shade
loving and that they could thrive under relatively humid
conditions. They however exhibited lower frequencies of
occurrence. As indicated in section 4.2, tor both trials,
second weed sampling was done when the crop were in their
respective active growth stages. The luxuriant crop growth,
high shading effect and increased humidity within the canocpy
undoubtedly moditied the understorey microclimate in favour
of shade loving wueeds.

Results of 199% experiment also followed the same trend
as that of 1994 except that in 1995 experiment, Maricus
alternifolius, Cynodon dactylon, Crotaluaria mdacrocalyx and
platostoma africanum were completely absent thioughout the
season as shown in Tables 5a - b,

In the 1994 experiment, Cyperus esculentus L. (14),
Spermacoce verticullata L. (2) and Digitaria horizontalis
Wild (4) were the three most dominant weeds. Fourteen (14)
showed the highest dominance with a total frequency of
occurrence of 627.66%, followed by 2 with total frequency of
oécurrence of 114.63% in first sampling. For second
sampling, the reverse was the case. Weed 2 had the highest
occurrence of 492.48%, followed by weed 14 with occurrence

of 390.45%,
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Table 5(@): Percent relative incidence of weeds and their sequence of frequency on JD 182 18 (DAS) 1995 13t Weed sampling)

W W ST ST T T e e e T

Weed Type
Cropping system - 3 3§ ¢ S5 6 3 % s mwaun M B W 7w w & N = 2
M/C OM+IF* 13 159 W71 0 S35 178 04 13 0S5 0 113 145 om0 0 o0 on 1, 0 0
M/C OM 251 497 7217 195 047 423 254 297 % 099 075 126
MS/C OM+IF 054 195 7542 099 572 506 016 190 802 016 0.16
M/SIC OM 045 3637 8172 349 024 094 058 0.7 176 0.3
SM OM 024 8892 115 031 5.96 068 203
SM OM+TF 666 1381 8106 351 023 340 156 4594 1.56 052
$S$ GE OM~TF S09 1746 1.6 717 229 054 6.7 224 054
$SS GE OM 171 531 7186 015 2.10 189 21 1523 043
$S 1CVS 400 OM+IF 050 358 6346 26 752 208 306 478 291 029
$S 1CVS400 OM 012 979 T641 158 211 0&2 300 0439 012 1 138 426
SCD.ILLA 288 152 7020 381 719 307 1 63 .78 061 119
SC- 374 286 68.70 1735 423 265 235 136
SC 867-11 224 346 24 0s1 091 038 036 0.46 540 0.46
sC- 719 852 6137 3.18 095 057 1125 1516 035 0.63
Toml 3742 1205 9289 478 1705 2549 2879 1636 124 T 36 ©71 401 663 506 805 23358 34 438

= L S S T

* Key

9 Cassz Ob usfolia

10 Momordisa chorania

11 Cymodom dacyion (love) pera
12 Crmilarc macrocalyx

13 Plzlosioma gificanion

14 Cyperws exulouus Lnn

15 Hyptis lowoelas Por

16 Cassia momosides Loow

1 Umge Sgaamulck Thonn. ex Vahl
2 Spermacoce vorticulon linn

3 Corvmeina benghelowis L

4 Dygioria horzonipls Wild

5 Eeusine ndica Gaerm.

6 Ipomacea eropearpa R. Be.

7 Acankogpomum kispdion

8 Oidenlandia corymbosxs Linn

17 Euphorbic kywopifolia Lina.

18 Jpomoea drvolucrsk P. Beaww.

19 Side Acuw Burm. L

20 Nephoua cloracea

2! Amorenfais SpUROKT

22 Helfpropaom ndicint

23 Portulocea olerecea

24 Docyiociocum cepyptam (Lo ) F. Beazwv

25 E reruda Hochst. ex steud
26 Cemchrus biflorus Roxb.

27 Ipomec kyisofciia

28 Meloxerc scondens

29 Brgrosks arovirens (Desf) Tria. ex steud
30 Brochioric ais (Schumach) CE. Hubbe rd

31 Chloris pioss schumach
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Tabie S(b): Percent relative incidence of weeds and their sequence of frequency on ID 213 43(DAS) 1955 2ad Weed sampling)

\
Weed Type

S s i

Croppang system 1 2 3 4 5 6 7 8 9 10 1113 14 15 16 17 18 19 20 2 22 b}

M/C OM+IF* 046 054 8579 011 127 093 0951 034 563 011 1352 152 068

M/C OM 1.5 689 176 173 437 173 22.14 086 2.02

M/S/IC OM+IF 187 21 433 028 044 128 1111 0.46 11.03

M/S/C OM 0035 250 8105 652 7.26 1.54

SM OM 90.18 " 8.78 085 020

SM OM-TF 9699 118 049 1.35

SS GE OM+IF 206 5714 191 1680 1546 245 19.4

$S GE OM 190 161 6473 025 125 732 2258 038

SS ICVS 400 OM+IF 513 4783 656 1750 097 1211 9.90

$S$ 1CVS400 OM 018 083 B.77 099 146 074 032 036 565 1339 036 0.50 3.5¢

SC D.IL1LA 218 069 5747 10.50 6.71 1536 018 244 448

SC-374 138 1817 127 435 1045 18 51.63 860 235

SC 867-11 305 227 1166 732 1136 13.70 3838 093 1.85 943

SC - 718 046 2890 08 1130 0.77 37.94 17.52 196

Tonl 1766 1242 856.78 05 D6 853 306 I 2554 2062 433 334 811 10.06
Lag = S S

. Kev

————

1 Umge Sgoamulakx Thona. ex Vahl
2 Spermacoce versculon hino

3 Commeima bengralensis L

4 Dygisoric horuanigls Wild

S Heusine indicc Gaertn.

6 Ipomcec eropcerpe R. Br.

7 Acarnhogpermum hupdon

8 Oldenlandic corymbose Lina

9 Cassiz Obusgoiia

10 Momordise cheriic

11 Cwmodom dachion (lovi ) pos
12 Crotplarc macrocclyx

13 Plelosioma giricanwen

14 Cyperus exuontus Lnn,

15 Hyptis lowcoelakc Por

16 Cassic mimosoides Lyov

17 Euphorbic xysopifolic Linn.

18 Ipomoec prolwnk P. Beauv.

19 Sidz Acuic Bum. £

20 Neptioug olerocen

2! Amarcabus spoONs

22 Heliptropuon indicw

23 Portulocea oleracea

24 Dacplocierxion aegyption {Lov ) F. Bow

25 E remidc Hochst. ex steud

26 Cenchrus bylorws Razb.

27 Ipomes kyssafolia

28 Meloxhero scondens

2 Eragrosks airovens (Dexl) Trin. ex steud
30 Bruchkicric ok (Schumach) CE. Hubbard
31 Guloris pilose schumach
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Tahle S(c): Percent relative incidence of weeds and their sequence of frequency on ID 244 78 (DAS) 1993 3rd Weed mmpling)

ST e e = S e —— — — = s

Weed Type
Cropping system - 2 3 4 s 6 7 8 9 10 1113 14 15 16 17 18 19 20 21 22 23
M/C OM-+TF* 556 526 4058 417 230 787 412 1278 1192 354
M/C OM 0335 2394 6007 4563 215 0.67 2404 28 135 047 033
MSC OM+IF 054 6.77 341 234 3824 243 1.7 39
MSC OM 578 484 3628 323 039 D.81 36.16 3123 1.7 235 447
SM OM 153 8504 159 920 1.8
SM OM-~IF 20 125 78s1 125 7.13 TO08 047
58 GE OM+IF 3350 0216 4810 553 39 122 1583 103 114 18 636
SS GE OM 641 31 SIT7T STT 130 23.49 208
$S 1CVS W00 OM+IF 7462 4004 25 738 1334 028 15.83 442 .64 0.53
S8 1CVS400 OM 3al 289 3501 421 614 .78 020 1351 649 132 67 1.3
SCD.ILILA TESS 147 1077 6.71 147 T8 147
SC-374 278 4376 11.11 370 3033 3.70
SC 867-11 0.50 6547 iz 0353 1521 10.06 417
SC. 719 127 028 2819 143 036 3125 811 36 2.2 922
Toal $132 2248 76726 1938 3796 5235 671 5M 213 u.qu.bn 3221 3308 49 1874 873 63 522 033
SoTE L =
* Key
1 Umge Sgoomulcic Thonmn. ex Vahl 9 Cama Obhyolia 17 Euphorbic kysopifolia Lina. 23 E remido Hochst. ex steud
2 Spermacoce verticulzm linn 10 Momordiss charatia 18 Ipomoes prooincmab P. Beauw, 26 Cenchrus dflorus Roxb,
3 Carvnelnag bengholonns L 11 Owmodax dacgiom (Ioon ) pers 19 Side Acu Bum. f. 27 Ipames kyssofolia
4 Dygiorin horzomicic Wild 12 Cromlare macrocchx 20 Nepooue oleacea 28 Meioxikere xandens
S Elrwsoer indice Caertn. 13 Pleiosoms gihcanen 2! omgenbus pacus 29 Eraprosts atrovrets (Ded) Trin, ex steud
6 Ipomaces eriopcarpe R. Br. 14 Cyperws exwleouus Lan 22 Hespwropaon ndicun 30 Brochicric iaks (Schumach) CE. Hubtard

7 Acanhospermuen hispidim 13 Hyptis lencoeiam Por 23 Porndecea oleracea 31 Guloris pilosa schumach
8 Qldenlandia corymbosc Lina 16 Cawsia mimaosides Lo 24 Docyiocievion segypiion (Laov ) P. Becwy
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_ ~In the 1995 experiwent, 4 was completely dominating
" through out the year. This wds followed by 3 with frequency
of occurrence of 129.53% in the first weed sampling. 14 with
frequencies of occurrence of 255.38% and 272.42 was the
second.dominant weed in both second and third weed sampling
(Tables 5b and 5c). | o

1t is interesting to note that in all the weed types
that showed dominance in all the sampling dates for the two
experiments, sole plot treatments contributed most to the
observed dominance. For example, in the 1994 experiment, weed
14 and 2 dominated the 2nd and 3td weed sampling‘dutes with
627.66% anad 492,48% total fregquency of occurrence
respectively. Out of the total freguency of occurrence of
6§27.66 for weed 14, 84.80% was contributed by socle cowpea
IT89KD-374. This was followed by sole sorghum ICSV-400 with
79,06% (Table 4a4). For the dominating weed 2 observed in the
3rd _sampling, with a total frequency of occurrence of
492,48%, sole millet (with vrganic manure only) contributed
53.55%, followed by sole sorghum 1CoV-400 (OM + IF) with
49.4% (Table 4b). The same trend was observed for the
dominating weed 4 ié 199% experiment. Here, sole millek
{OM), sole millet (OM+IF) and sole millet (UM) which showed
contributing dominating fregquencies of 88.92, 96.99 and
86.04% Eor 1st, 2nd and 3rd weed sampling respectively Tables
5a, b5b and 5cC. This confirms the superiority of
interxcropping systems to sole cropping systems in weed

suppression. The percentage contribution of individual weed
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species to total weeds biomass for 1995 experiment are shown

in Tables 6a - 6cC. _ ’

4.3 cCanopy Temperature

In tﬁe 1591 .expurimunt, 501e. soféhﬁm 1CVS-400 with
organic manure treatment showed the highest canopy
tempefature on JD 237 (%4 DAS of sorghum), whexeas o JD 267
(90 DAS 0E millet]), sole millel with organic ménure Lreatment
had the bhighest canopy temperature recorded. In the same
eprniment, millet/cowpea inlercrup wWilh ovrganic mahure
treatment and sole sorghum Gaya Barly with organic manure
treatment showed minimum canopy temperatures ou JO 237 and
JD 267 respectively (Table 7). |

In the 1995 experiment, highest canopy temperatures were
recorded for sole sorghum I1CVS8-400 OM + IF, sole sorghum
ICVS-400 OM and sole sorghum ICVS-400 OM for Julian days 201L,
222 and 243 respecdively (Table 7). For the same experiment,
minimum canopy temperatures were observed iua Lhe sole cowpea
trealments. Sole cowpea - 718, sole cowpea 867-11 and sole
cowpea - 374 showed minimum canopy temperatures for Julian

days 201, 222 and 243 respectively. |
| | In both experimenlts, sole sorghum and sole millet showed
.the highest canopy temperature values when compared to sole
cowpea and the intercrop treatments as shown in Table 7 and
for mean values. The higher canopy tewpesdlure values
recorded for sole sorghum and sule millet ftreatments compared
fto sole cowpea and intercrop. may e due Lo the fact that
they were more erecl and with an instrument of 2 ° angle ok
j

oy .
. [
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Tabie 6(a): Percentage contribution of mdividual weeds species to total weed biomass on JD 182 18(DAS) 1995 1st Weed sampling

- T TS ST e e —— e T e
Weed Type
Cropping system 1¥ 2 3 4 S 6 7 8 9 10 11-13 14 15 16 17-19 20 21 22 23 24 25
MC OM-+IF* 243 478 6566 1287 <4 040 074 106 1.5 143 113 0.047 231
M/C OM 229 9% 3016 605 075 131 838 215 419 1498 2.06
M/S/C OM+IF 0.53 11.76 7089 0.89 225 478 012 508 1075 005 0.73
MS/C OM 043 917 7728 352 030 053 030 130 ne4s 506 010
SM OM 022 7833 211 043 174 3.68 0.54 12.65
SM OM+TIF 373 1621 T4S 050 028 277 338 0.36 004 0.75
S GE OM+IF 2.56 3065 4710 138 454 377 330 350 1.03 024
S8 GE CM 099 623 B63 012 033 3.5 1.03 2398 014
§S 1CV\S 400 OM+IF 04 793 3 763 1964 069 329 4533 232 1602 065
58 1CVS400 OM 0.14 1485 6731 181 066 181 332 026 005 013 715 1.3
SCD.IL1A 1.17 222 50 802 752 224 763 817 040 048 266
SC- 374 1231 74.03 611 899 S81 130 0.70
SC 867-11 0.13 1082 8001 057 097 040 070 0148 241 187
SC- 719 9.11 5449 6.09 157 144 1228 854 015 335
Toml 36.28 17923 86794 909 2841 <4 2118 2959 3313 4675 4273 1802 12.43 359 866 1335
i =
* Key

9 Cassic Obmsfolic

10 Momordise charania

11 COmodaon dectylon (201 ) pera
12 Comiee macocchx

13 Plciosioma shcanim

14 Cyperus excenius Lyt

13 Hyptis lencoelain Por

16 Camsic momoxides Lom.

1 Umga Sgacmulcic Thonn. ex Vahl
2 Spermacoce veticuliot hinn

3 Commelina benghalensis L

4 Dygiicria horzonils Wikd

S Bleusine indicc Gaertn.

6 Ipomcea eriopcarpa R. Br.

7 Acanbospermum kispidion

8 Oidenlandia corymbose Lina

17 Euphorbia kysopifolia Lina.

18 Ipomocec dvolwrm P. Beauv.

19 Side Acuin Burm. f.
20 Nepumia oleracea

2! Amaronfus spmous
22 Hebpropaom mdiciot
23 Porudaces olerecea

24 Docyiocienion sepyptuom (Loow ) P. Beow

25 E remida Hochst. ex steud

26 Cemcirus biflorus Roxb,

27 Ipomec kyssofolia

28 Meonthen scondens

29 Eragrosks ctrovirens (Desl) Trin. ex steud
30 Brchioria lowo (Schumach) CE. Hubbard
31 Ghioris piloss schumach
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Table 6(b): Percentage %&%_ﬁ&-%-sg_iuglsg

e ———— =S

213 48(DAS) 20d Weed sampling 1993

g T T

Weed Type

Croppang system 1" 2 3 4 6 7 8 9 10 11-13 14 15 16 17 18 19 2022 2 25
M/C OM+IF* 0.05 039 9011 p0s 167 041 06 061 452 010 074 026 033
M/C OM 550 T3 307 078 BATS 252 8.98 0.56
M/S/IC OM~+TIF 1.38 8143 124 004 2.3 0.02 182 1.0 964
M/S/C OM 028 1438 6971 1181 s 1.34
SM OM 297 1.85 0.94 024
SM OM-~+IF s 8= 0.70 0.44
SS GE OM+IF 021 06420 33 008 468 033 24.21
S5 GE OM 026 415 7462 009 058 514 14.92 0.44
$S 1CVS 400 OM+IF 1.46 510 954 2614 035 1.10 10.23
$$ 1CVS400 OM 001 208 8000 037 345 082 150 04 146 358 042 239 264
SCD.ILIA 279 055 6240 2167 0.76 ge8 109 0.71 041
SC- 374 0.43 3404 256 2486 58 227 21.24 536 298
SC 867-11 145 031 3620 1834 34 3538 1440 173 2.02 99
SC-719 0.80 3532 10.74 1185 031 3285 927 888
Toul 891 273 983 7038 6502 1178 38 356 109.75 23.03 116 2033 63.04 127
s
* Key
1 Umgc Sgoamuisis Thoan. &X vahl 9 Casse Otmsolia 17 Euphorbia kysopifola Linn. 25 E remuds Hochst. ex steud
2 Spermacoce vertcuion Lan 10 Momordisa charatia 18 Ipomoes prolum b P. Beawv. 26 Cenchrus biflorus Roxb.
3 Coammeing benghalonss L 11 Cwmodon dactyiom 10 ) pors 19 Sida Acuic Burm. L. 77 Ipomea kyssofoiia
4 Dygucrn horaonils wild 12 Cromlarc macrocayx 20 Neptinic oleraced 28 Meicniuere xondens
S Eleusow nudice Guert. 13 Ploiosioma gihicanien 21 Amgronfo spROKS 29 Emgrosis alrovmens (Des.) Tria. ex steud
6 Ipomcea eriopcarpa R. Br. 14 Cyperus exudentus Laun 22 Kespwropaon ddicwn 30 Brockioria lota (Schumach) CE. Hubberd

7 Aconfopermum Rigadion
8 Oidenlandic cormbosxs Lina

!5 Hyptis loncoelcis Pov

16 Casic mmosoides L.

23 Porulocea oleroces

24 Docyplociouim gegypiwon  (Lioc

) P. Beaw

$1 Chioris pilosa schumach



63

Tabie 6(c): Percentage contribution of ndividual weeds species o tofal weed biomass oa ID 244 7&(DAS) 3rd weed sampling 1955

=

Weed Type
Cropping system 1% 2 3 4 S 6 3 9 10 11-13 it 15 16 1 18 19 2022 23 28 25
M/C OM+IF* 455 075 s428 150 075 %61 29 078 2969 7.7 188
M/C OM 039 333 &8381 036 786 3.08 291 3M 239 039
M/SC OM=+IF 0.47 3317 288 17837 21.80 1219 556 6.58
M/S/IC OM 3.32 4814 5133 0961 128 20.17 086 623 064 128
SM OM 9578 057 1,65
SM OM~IF 1.16 1094 8428 125 0.60 179
58 GE OM~+IF 1.03 017 5338 121 411 16.79 241 584 031 0391138
58 GE OM 1005 320 &21 1.8 377 16.72 1.2¢
$S 1CVS 400 OM+IF 41.08 4226 860 1404 6334 0.08 469 236 2.9 .75 313
SS 1CVS400 OM 5% 578 =16 214 304 1133 08s 488 343 072 472 154
SCD.ILLA 6126 2139 1052 337 086
SC-374 4.07 3628 8.77 702 33.33 10.53
SC 867-11 1.26 23 165 536 240 6162
SC- 719 1.8%5 173 3384 159 1.0 034 2054 329 378 288
Toml 3479 30.71 74834 192 2685 8454 30 156.43 13498 4075 20.%4 22.13 2025 343
T —— - —— = - = T pe — = = = S =3
* Egy

1 Umga Sgoamuiais Thonn. ex Vahl  § Carss Obusalic

2 Spermacoce verticudam linn 10 Momordisa chorania

3 Coanmeinag benghalonsis L 11 Cmodon decivion lbee ) pers
4 Digiwrio horoommis Wild 12 Croxlorc macrocolyx

S Bleusne ndice Gaerta. 13 Plelosioms gificanan

6 Ipomces ericpcarpe R. Br. 14 Cyperws exulonius Linn

7 Aconhopermam kispidion 13 Hypeis lencoelain Por

8 Oldenlondia corymboss Lion 16 Cassia mmosides Lo

17 Euphorbic kysopifolia Lina.

18 Jponoea rvolucruln P. Beawv.

19 Side Acuk Bumm. f.

20 Neptonig oleucea

2t Amarendas spoons

22 Hekptropaon indicun

23 Poruiccea dierecea

M Docyiociouion segyplon (Lo ) P. Beaw

25 E remuda Hochst. ex steud

26 Cemcirus biforus Roxb,

27 Ipamec kyssagfolia

28 Melonhera scandens

29 Brogrosiis apovirens (Desl) Tria. ex steud
30 Brockiria lais (Schumach) CE. Hubberd
31 Guloris priose schumach



Table 7: Etfect of

(a)

cropping systems on canopy temperature.
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Dates in Julian Day (JD)

Temperature in °C

Cropping system 237 Mean 267 Mean
M/C OM + IF 30.0 40.0
M/C OM 297 40.3
M/S/C OM + IF 31.3 37.0
M/S/C OM 33.8 . 11.6 39.7
Sole millet OM + IF 3%.3 44.0
Sole millet OM . A 47.1
Sole sorghum G.E. OM + IF 3i3.b 34.2
Sole sorghum G.E. OM 29.9 3305
Sole sorghum ICVS-400 OM + IF 33.0 32.3 42.3 40.0
Sole sorghum ICVS-400 OM 35.1 42.8
Sole cowpea Dan Illa 32.2 39.5
Sole cowpea - 374 32.6 38.4
Sole cowpea 867-11 30.9 2.9 38.0 38.6
(b)

Temperature in °C

Dates in Julian Day (JD)

Cropping system 201 Mean 222 Mean 243 Mean
M/C OM + IF 30.4 28.8 30.6
M/C OM 30.3 28.6 31.4
M/S/C OM + IF 31.1 28.7 30.2
M/S/C OM 30.6 30.6 28.1 28.6 30.7 30.8
Sole millet OM + IF 30.3 29.6 31.0
Sole millet OM 30.8 29.6 32.6
Sole sorghum G.E. OM + IF 31.3 29.4 31,0
Sole sorghum G.E. OM 32.1 29.5 30.1
Sole sorghum ICVS-400 OM + IF 32.8 31.4 31.4  30.9
Sole sorghum ICVS-400 OM 32.5 31.4 30.6 29.0 33.0
Sole cowpea Dan Illa 31.5 27.1 29.1
Sole cowpea - 374 30.5 217.1 29.1
Sole cowpea - 867-11 31.5 26.4 30.1
Sole cowpea 719 30.2 30.9 28.9 27.4 31.3 29.9
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vision, the instrumcnt looked derper down the canopy and so more
soil were seen especially tor sole sorghum ICVS~-400 OHJ
treatmentthat was poorly established particularly for 1995
season. Sole millet and snle sorghum treatments therefore
exhibited poor water relations. ©n the other hand, high biomas
density was observed in sole cowina treatments. This result in

increased water us:. ... hen : v ocanopy temporatur

It was also observed that low canopy air temperatures were
recorded for the intoverop treateonte, and that they were closer

ta that recorded (.o ...le , tecalinentas. The low canopy
temperatures recor’ 1 for irtorercapa pay be due to jncreased
water use etticiery r 1<t eor water relatiorns within the
intercrop treatmen* -. * poo eon for the increaced water
use efficiency wit! "« 1 jer o T mar b dan ot he windbreak
effect when low growing plants such as cowpeas are int. planted

with tall plants such as millet anld sorghum. This normally leads
to an increase in humidity and a4 reduction in transpiration and
therefore low canopy tomperat i

Compared with *‘he air t- porature recorded by the nearby
weather station, crt A Eape A wan lres by 3.245, n,79 and
0.06 degree celsiv: -~ D ) ane! 224 rorrncttivety., This
conforms to the ph+ Vs fe a0 m AF T g o' E rover

was higher on JD 201. Betwecen D 222 and 234, theiLe was a
teduct ton 1n plant o ' a ot ocat proa~he ) matis-jese, *“arafore
the canopy temperalure tor tho.. . JatLer date:.. approximately
approached that of air rtemperaturs for 1995 seasnn., Weather data
tor the sampling ' oo for 177 inon were not available or

comparision.
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4.4 S50il Temperature

The 1994 experiment shows that low night and low day
s0ll temperatures were observed for M/3/C OM and sole millet
oM + Iﬁ; indicating that shading was larye throughout these
Lreatments (Figure 3). On the otnher hand, high day soil
temperatures and low night soil temperatures were observed
for sole millet OM and sole sorghum Gaya early OM {Figure 3),
Because these bwo tradtments weee poorly established, solar
radiation easily penetrated the canobf during the day while
long wave radiation leaves easily at night, For the same
year, sccond soll temperature sampling'shows that sole cowpea
- 374 showed low night and low day temperatures indlcating
high biomass density within this treatment (Figure 4). M/8/C
OM particularly exhibited lew night and high day soil
temperatures. This was due to the onset of senescence in
willet by the time of second soil temperature sampling and
because of the wider spacing in M/S/C treatments, solar
radiation eésily penaetrated Lhe canopy of these Lreatments,

In the 1939% experiment, low night and low dﬁﬁlsoll
temperatures were observed for sole millet OM + IF; whereas
low night and high day soil temperatures were observed for
M/S/C OM during the first soll temperature sambiing (Figure
5). The small soil temperature amplitude ubserved for sole
millet OM + IF was due to the luxuriant plant cover within
this treatment., Howevexr, in Lthe M/5/C OM Lreatment, the soil
temperature sensor Was placed nnder sorghum (Gaya early), and
becausce of the initial slow 9rowth rate of soryhum (as

compared to millet), there wds poor canopy cover, This
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.facilitated light penetration down the canopy to cause high
soll temperature ampliltude. As Lhé-séason progressed, and by
the time of second soil temperalure sampling, Lhere was an
initiation of reproductive primcrdia in millet, Since this
ig usually associated with a reduction in total leaf area as
assimilates are concentrated in grain [illing instead of
vegetative growth, all millel assoviated Lreatments exhibited
higher soil Lemperature amplitude (when compared with non-
millet associated treatments) and this was parlicularly
observed for millet/cowpera OM ¢ IF and ndllwt/cowpea oM
treatments (Figure 6¢). That millet/cowpéa treatmeﬁts showed
higher so0il tewmperature amplitude than that of sole millet
ﬁaé due to the fact thuat the soill temperalure sensors were
placed undexr millet in millel/cowpea treatments. Because of
the wider planting distance between millet and cowpea in
millet/cowpea treatment {(lm apasrt), light penetration was
higher in miliet/Cowped bLriedbment dompared to sole millet
(planted at 0.5m apart) Jduring reproductive primordia
initiation with its attendant reductivn in total leaf area.
For the same sémplind date, sole cowpea Dan-Illa showed the
lowest sovil temperature amplitude. This was evidently'due to
high biomass density that availed in the sole cowpea Dan~Ilia
treatments. By third so0il temperature samnpling (just before
millet harvest), soil temperature readings for sole millet
OM 4+ IF wunid that of millet/cowpea DM showed higher amplitude,
appreoaching that of the Blank (Figure 7). This was due Lo
senescence occurring in millet. For the same sawpling, low

5011 temperature amplitude was observed for sole cowpea Dan-

B ._,:ig o . ) . v . ) . ' |
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I1la treatment because of the high biomass density preéent

in Dan~Illa treatments. f
[
i .

4.5 Light Transmission

Light ﬁzansﬁisslcn ot Lransmitted vhotosynthetically
active radiation (LT) is the portion of the incoming solar
radiation that is transmitted down the crop canopy. It is
eventually the portion of PAR that i3 available to understory
plants after interception by taller plants, LT is
effectively the portion of the incoming sclar’ radiation
available to emerglng weeds. The lower the wvalue, the
greater fthe canopy cover. values of percentage light
transmission with their corresponding crup arrangements are

shown in Tables 8a and 8b. Cohe

The 1994 experiment shows that in ﬁillet/sorghuh/cawbea.
intercrops, millet-sorghum arrangement consistently exhibited
1qwux % LT. The léwest value of 16% was obtained on JD 223
(49 DAS of millet and 43 DA3S of sorghum) for organic manure
(OM) plus inorxganic fertilizer (IF) treatments. ‘That of OM
only was 18% on JD 242 (&7 0UAS of millet and b1 DAS of
sorghum) as shown in Table 8a. Conversely, higher values
were exhibited by sorghum(s)-cowpea local (CL) and scrghum-
cowpeé improved (CG)} arrangements for both treatments. S-CL
had the highest % LT of 57 on JD 206 (2% DAS pf sorghum and
18 DAS uf cowpeal). This value decreased to 2% on JD 262 (81
DAS of sorghum and 72 DAS of cowpealbecause of increased ;u
crop growth wvis-a-vis increased shade as the Seasoni
prugressed. - Pigures B8a and 8h show the % LT within the

: : - o f



Table 8(a): Light transmission within cropping arrangement (1994)

74

Dates in Julian Days

Crop
Treahoent Conbined o 206 220 223 229 242 262
M/S5/00M M-S 81 58 29 46 38 56
S-CG 80 87 79 94 73 71
CG-CG 81 94 55 68 56 56
CG-M 85 85 43 73 46 66
M-S 65 61 23 * 18 53
8-CL 97 93 90 78 62 62
CL-CL ™ 69 46 53 46 39
CL-M 82 T5 90 26 78 50
M/S/C OM+IF M-5 13 53 16 29 24 43
Cc-CG 53 87 52 88 79 52
CG-CG 92 82 65 74 46 51
CG-M 91 64 46 71 64 51
M-8 68 66 31 43 28 42
8-CL 99 * 65 18 54 53
CL-CL 91 69 36 48 42 41
CL-M 8 15 52 43 14 42
M/C OM M-M 61 71 35 28 22 36
M-CG 83 85 59 47 40 71
M-CL 91 94 38 62 53 39
74
M/C OM+1IF M-M 68 50 65 29 14 53
M-CG 81 90 51 54 64 50
M-CL 93 87 40 48 47
Sole Cowpea B67-11 OR 95 b4 48 65 39 38
BR 90 x bb 68 44 49
IT89KD-374 OR 90 81 54 62 62
' BR 95 95 67 41 56
DAN ILLAN OR 93 60 67 67 45 43
BR B9 87 58 44 59 34
Sole Millet oM OR 61 48 13 R 28 57
BR 50 81 14 il 23 40
OM+1F OR 62 57 19 24 4% 33
BR 61 b4 27 20 59 52
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Table 8(a) contd:

Dates in Julian Days

Crop
Treatment Combi-nation 206 220 223 229 242 262
Sole Sorghum O.M Gaya Early 97 97 81 50 47 28
93 717 87 64 51 21
ICV5-400 98 11 90 71 80
97 94 * 79 84
Sole Sorghum M+F Gaya Early 92 73 41 85 45 33
94 94 b4 13 37 27
ICVS-400 94 86 97 94 81 66

98 81 96 f4 L 43

OR = On Ridge
BR = Between Ridge

Key: M-S-C = Millet-sorghum-cowpea intercrop
M-C = Millelt-cowpea intercrop
OM = Organic manure (cow dung)
IF = Inorganic fertilizer (NPK)
5-CG = Sorghum-Grain (improved} cowpea arrangement
S-CL = Sorghum-local cowpea arrangement
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Table 8(b): Light transmission within cropping arrangement (1995)

—
Dates in Julian Days
Trealment Crop 194 209 222 235 249
M-S~C OM ONLY M-5 52 16 19 30 18
$-CG 18 69 25 54 15
CG-CG 96 49 5 31 20
M-CG 54 54 44 27 13
M-S 6 18 22 5 56
5-CL b6 55 21 31 54
CL~CL 94 b1 12 43 9
ClLi-M 29 52 i3 46 45
M-S-C OM+IF M-3 12 18 30 14 9
5-CG 56 66 10 42 19
Ce-CG 92 6l 9 17 16
M-CG 16 29 15 29 15
M-8 17 22 15 14 8
5-CL 54 49 11 33 16
CL-CL 74 40 12 36 10
CL-M 97 48 45 29 5
M-C OM ONLY M-t ¥ ; 11 21 16 40
M-CG 449 50 97 21 50
Cc-CG 13 52 14 61 31
M-CL 34 59 22 36 59
CL-CL 25 40 i3 41 22
M-C OM+1F M-M } 6 11 I5 31
. M-CG 13 37 16 448 40
~CG 78 36 17 37 29
M-CL 61 25 18 33 24
CL-CL 97 53 19 48 21
IT88D-867-11 C-C0.R 97 14 14
DAN-ILLA C-Cb.R 98 4 24
C-CO.R 58 30 5 9 20
C-Cb.R 18 45 32 9 -
IT89KD-374 C-CO.R 64 52 18 14 16
C-Cb.R 86 35 27 5 11
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Table 8(b) contd:

Dates in Julian Days

Trt, Crop 194 209 222 235 249
IT86D-719 C-C.0.R 95 = . 53 27
oM C-CB.R 89 - - 15 56
SM M-M.0.R 11 23 16 44 50
oM M-M.B.R 32 20 30 39 50
SM M-M.0.R 64 23 37 37 85
oM M-M.B.R 53 52 16 21 58
8-M M-M.0.R 64 23 37 37 85
OM+IF M.M.B.R 53 52 16 21 58
58 5-5 OR 51 8 33 20 29
GE.OM 8-8 B.R 24 7 28 19 43
GE OM+1IF 8-8 OR 76 52 mi 36 47
8-S H.R 86 58 = 10 39
ICVS-400
OM+1IF 8-S '0.R 5l 57 38
5-8 B.R 95 25 35
1CV8-400
oM 8-8 O.R 97 55 24
5-5 B.R 95 31 38
Key: M-5-C = Millet-sorghum-cowpea intercrop
M-C = Millelt-cowpea intercrop
oM = Organic manure (cow dung)
iF = Inorganic fertilizer (NPK)
8-C6 = Sorghum-Grain (improved) cowpea arrangement
5-CL. = Sorghum-local cowpea arrangement
OR = Measurement taken on ridge (within ridge)
BR = Measurement taken between ridge
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Fig.8: Light transmission within millet/sorghum/cowpea intercrop (a) organic manure
application only and (b) organic manure plus inorganic fertiizer (1994).
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difierent cropping arranygements. In millet/sorghum/cowpea
. e

OM + IF, S-CC arrangement showed, oﬁ.thé aﬁerage, higher %
LT than the other arrangements as shown in Figure 8b., This
- was because of thé characteristically poor initial
establishment of sorghum.

_ | In millet/cowpea intercrops, M-CL and M-CG arrangeménts
showed higher percentage LT in both OM and OM + IF treatments
(Figure 9a and 9b). The highest value of 94% was obtéined
on JD 220 (46 DAS of millel) for M-CL with OM treatment while

B5% was obtained for M-CG of the same OM treatment (Figure

%a)., However, M-CG showed prominently higher percentage LT

~ value on the average in OM + IF treatments as shown in Figure

9b, suggesting that the addition of inorganic fertilizer
caused an increase in the canopy structure of the cowpea
(local) component resulting in increased shade. For both OM
and OM + JF treatments, M-M arrangements showed lower
percentage LT values of 18% for OM, and 14% for OM + IF
treatments (Figures 9%9a and 9b. o

In between rows of sole crop treatments, sole socrghum
Gaya early (G.E) OM, sole sorghum ICVS-400 OM and sole
sorghum ICVS-400 OM + IF showed high percentage LT values.
The lowest value of 13% was obtained for sole millet OM while
sole millet OM + IF had a percentage LT of 19% (Figure 10).
This was because the distance between rows (75 cm) was
greater than that within rows (50 ¢m). Expectedly, due to the
difference in spacing,'mﬁfe light penetrated crops in the
former arrangement than the latter.
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Fig.9: Light transmission within millet/cowpea intercrop (a) organic manure application

only and (b) organic manure plus inorganic fertilize application (1994).
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! oo |
i
Percent LT results for 1995 experiment are shown in

B2

Table 8b. In this experiment, M-S arrangement had the
Jlowest LT value of 5% on JD 235 (71 DAS of millet) in M/S/C
OM treatment. The highest LT of 96%.£or the same treatment
was recorded in CG-~CG as against the overall high pexrcentage
LT of 97. observed for sole scrghum ICV3-400 OM treatment
Tablg 8b.
| IThe light profileys in the croppinyg pattern during 1995
trial are depicted in Figures 11a, 11b, 124, 12b, 13a and
13b. In the 199% experiment, the ditferent arrangements for
millet/sorghum/cowpea at both fertility levels :zhow the same
trend except £for wvarialions observed for sorghum-cowpea
grain, millet-cowpea grain and millet-cowpea local. In
millet/sorghum/cowpea with organic wanure application only,
the 1light transmitted within millet-cowpea grain (M-CG)
arrangement showed a decreasing trend throughout the active
crop growth period Figure 1la., This was due Lo the fast take
vif/establishincnt of millet coupled with the smothering
effect of the cowpea component. The same trend was also
observed in oxganid manure plus inorganic fertilizer
treatment for millet-cowpea local {M-CL) as shown in Figure
11b. Sorghum-cowpea dgrain arrandgemenis shouw that light
penetration intuv the canopy was greater initially in organic
fertilizer (Figure 1lla and 11lb). T7This obviously was due to
tﬁe application of inorganic fertilizer which provided for
a faster crop take off/establishment in OM + IF.

In millet/cawpéa intercrops, millet-cowpea grain (M-CGQ)
and millet-cowpea local (M-CL) when compared to other
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treatments recorded higher light transmission duzin§ the
active growth period in OM and + IF treatinents respectively
as shown in Figures 12a and 12b. It was also noticed that
whereas cowpea grain-cowpea grain (CG CG) arrangement had
initial high LT value in OHM treatment, and remain higher
throughout the year than the corresponding cowpea local-
cowpea local (CL-CL) (Figure 12a), in OM + 1F CL~CL recorded
higher LT wvalues during the same period and ‘remain
considerably higher Lhan the correspond CG-CG arrangement.,
Figure 11 and parlicularly Figure 12 seem to suggest that
cowpea local component In a medium with low nutrient status
(as in OM only) utilizes light better than cowpea grain in
the same medium; particularly when water 1is not limiting.
Conversely, in a high nutrient soll medium (as in OM + IF),
cowpea grain captures and ulilizes light better than cowpea
local. 1994 light data could not however corroborate this.
This perhaps was Que to the intervehing dry spell observed
in the 1994 experiment season.

Light data for 13995 sole crop treatments follow the same

trend as that of 1994 with sole sorghum IC5V-400 (OM), sole
sorghum ICSV-400 OM + IF and Sole Sorghum Gaya Early OM+IF
_showing high values (Figures 13a and 13D, As in 1991
experiment, values obtained between rows (0.75m) Figure 13a
was higher than that obtained within rows (0.%u) as shown
in Figure 13b. - : ' : .

The weed data was taken by randomly throwing the guadrat
.1nto the ditferent cropping Lreatments not minding the crop

arnqnggmentS'within the treatments. The light regime down
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_the canopy and hence availablce for weeds was therefore the
integral of the shade levels of Lhe different crop
arrangements within each canopy. Averages of these.values
were therefore used Lo relate the lLight transmitted down the
canopy throughout the season to weed biomass.

A summary cof the effects of the difterent cropping
systems on LT is shown in Table 9a and 9b tor the 1994 and
1995 experiments respectively, In bhoth experiments, sole
sorghum ICVS5-400 OM had the highest % LT values of 85 for
1994 and 49 for 1995, This was followed by 82% for sole
sorghum ICVS-400 OM t I¥ in 1994 experiment and 46% by the
same crop treatment in 1995 experiment. A cursory inspection
of Tables %a and 9b reveals thal highexr % LT values were
recorded during 1994 wcxperiment than 1995 experiment. This
was due to the difference in the degree of cloud cover during
tﬁg_two trials; because 199% rainfall was evenly digstributed
mpfé'than that of® 1994, there was more cloud cover in 1995
than in 1994. As mentioned earlier, the rains during 1994
experiment were erratic with lony dry spells during the
cropping season. However, during 199% experiment, rains were
well established during the growing periuvd with attendant

cloud cover.

4.6 Grain Yield R

In 1994 experiment; sole cowpea Dan-Illa recorded the
highest grain yield compared to other sole cowpea treatments.
In the same experiment, sole sorghum Gaya early, recuided
higher grain yield at both organic manure and organic manure



Table 9(a): Effect of cropping systems on light transmission (1994)

Dates in Julian bays

Cropping System 206 220 223 229 242 262 X
M/S/C OM 8l 8 57 b3 52 57 64
M/S/C OM+1F¥ 86 11 15 59 48 47 59
M/C OM 76 75 40 42 33 55 53
M/C OMt1F 80 68 47 45 35 46 53
SC 867-11 93 b4 57 66 42 44 61
SC 374 93 89 78 bl L8 55 72
SC D, ILLA 91 73 63 56 52 38 62
SM. oM 56 64 13 38 26 48 41
SM OMt+IF bl bl 23 22 52 42 44
SSG.E OM 95 87 84 56 b2 25 67
88 ICVS 400 OM 98 45 63 90 78 82 85
SSGE OM+1F 93 84 53 64 4] 30 61
SSICV3 400 OM+IF 9% 87 97 89 69 54 B2
—_— —_—

Key: M/S8/C

Millet/Sorghum/Cowpea intercrop

M/C = Millet/Cowpea

OM = Organic manure (cow dung)
IF = Inorganic fertilizer (NPK)
sC = Sole cowpea

S8GE = Sole sorghum yaya early
SM = Sole millet



Table 9(b): Eftect of cropping systems on light transmission (1995%)

89

Dates in Julian Days

Cropping System 194 209 222 235 249 b
M/S/C OM 51 47 20 33 29 36
M/S/C OM+1F 52 41 19 27 12 30
M/C OM 37 42 33 34 42 38
M/C OMtIF 51 31 40 38 30 38
SC 867-11 98 49 22 9 19 39
8C-374 15 44 18 9 13 32
SC DAN-ILLA 38 37 19 8 12 23
5C-719 92 54 41 46
SM OM 21 21 23 41 50 31
M OM+1IF 59 38 26 29 71 45
53 GE OM 37 7 31 20 3b 26
SSICVS 400 M 96 43 31 49
SSGE OM+IF 81 55 21 43 416
SSICVS 400 OM+IF 73 41 36 46

Key: M/8/C
M/C
OM

IF

SC

SS8GE

SM

{ U LI T O A |

Mil fe t/Sorghum/Cowpea intercrop

Millet/Cowpea

Organic manure (cow dung)

Inorganic fertilizer (NPK)

Sole cowpea

Sole sorghum gaya early

Sole millet
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plus. inoxganich fertilizét treatments as compared to
corresponding sole sorghum ICSV-400., For the same year, sole
millet with organic manure plus inorganic fertilizer showed
higher grain yield than that of sole millet with organic
manure only {(Table 10a}.

- In themlllet/cowpea intercrop, there was no appreciable
difference in the component cowpea yields at both fertilizer
levels for 1994 experiment. However, I1T89KD-374 cowpea
variety showed a siightly higher yield than the corresponding
Dan~Illa cowpea variety as shown in Table 10a. In the same
millet/ cowpea intercrop, the millet’ component with organic
manure treatment showed higher grain yield than that of
organic manure plus inorganic fertilizer. Also in the same
year, millet/ sorghum/cowpea with organic manure plus
inorganic fertillizer recorded higher yields in all the
reapective components than the corresponding components than
that of organic manure treatment. The only exception was in
the yield of the cowpea components in millet/sorghum/cowpesa
with organic manure. Here, both cowpea ITB3KD-374 and Dan-
I1i1la components recorded a grain yield of 70Kg/ha as shown
in Table 10a.

Sole plots treatments in 1995 experiment showed that
sole cowpea IT83KD-374 and sole sarghum Gaya early recorded
hlghex grain yield than other corresponding varieties as
shown in Table 10b. Also in Lhe same year sole mlllet with
organic manure plus Inorganic fertilizer recorded higherx
- grain yieild than that of organic manure only. In
millet/cowpea intercrop for 1935 experiment, cowpea

. .



Table 10: Bffects of cropping systems on Grain yield (kg/ha)

(a) 1994 experiment

91

Cowpea Millet Sorghum
ITBOKD- ITASDE Da = .
Cropping System N~ Bornu Earl 400
it 374 67-11 illa ’
Cowpea 787 696 1238
Millet OM 2250
Miliet OM+IF 2320
Sorghum OM 1144 643
Sorghum OM+IF 1454 831
Millet/cowea OM 100 80 1890
Millet/cowpea OM+IF 110 90 1340
Millet/sorghum/cowpea 70 70 1220 142
oM
Millet/sorghum/cowpea 100 150 1300 208
OM+IF
(b) 1995 experiment
Cowpea Sorghum
Millet Gaya 1Cvs-
Cropping System IT8IK ITBHD- ITBBD- Dan- Ex Bornu Early 400
D-374 719 BE7-11 illa
Cowpea 1767 1544 1645 1652
Millet OM 2472
Millet OM+IF 2767
Sorghum OM 1760 1560
Sorghum OM+IF 1820 1270
Millet/cowea OM 154 173 1935
Millet/cowpea 123 1560 2155
OM+IF
Millet/sorghum/ 131 212 1452 560
cowpea OM
Millet/sorghum/ 135 153 1141 720

cowpea OM+IF

OM = Organic maure (cow dung), IF = Inorganic fertillizer (NPK).



92
components associated with millet/cowpea with only organic
manure treatment recorded higher yields than the
corresponding organic manure plus Inorganic fertilizer
treatment. However, for both millet/ cowpea organic manure
and that of organic manure plus Iinorganic fertilizer
treatments, cowpea variety Dan-Illa recorded higher yields
than corresponding IT89KD-374, This was the reverse in 1994
experiment. Also millet componeni with organic manure plus
inorganic fertilizer recorded a higher grain yield of 2155
Kg/ha than the yield of 1935 Kg/ha recorded for organic
manure treatment only. ’

Millet/sorghum/cowpea intercrop for 1995 experiment
showed Dan-Illa cowpea component recording higher grain yield
than corresponding 1ITB9KD-374 cowpea variety at both
fertilizer levels. Also, millet component inmillet/sorghum/
cowpea with organic manure only recorded higher yield than
that with organic manure plus inorganic fertilizer. Sorghum
component on the other hand, was higher in millet/sorghum/
cowpea with organic manure plus inorganic fertilizer than
that of millet/sorghum/cowpea with organic manure only as

shown in Table 10b.



93

CHAPTER 5

BIBCUSSION .

5.1 Weed Biomass/Frequency - S
| .

The effects oi the different cropping systems on weed
.biomass is depicted in Figure 14 for 1994 experiment, and
Figure 15 for 1995 experiment. In 1994, sole cowpea Dan-Illa
recorded the highest weed bicmass throughout the 3 sampling
dates (Flgure 14). A look at the percentage freguency of
occurrence (Tables 4a and 4b), show that sole cuwpéa Dan-Illa
was overwhelmingly attacked by Cyprerus esculentus. This
treatment recorded 65.77% Lrequency of occurrence of Cyperus
esculentus during the 2nd weeding. bPuring the 3rd weeding,
59,.37% frequency of occurrence was tecorded and this value
was the highest compared to other treatments for the same
period. Cyperus esculentus was Eollowed by Cynodon dactylon
and bigitaria horikontaljs (in order bf preponderance) in the
2nd weeding. However, during the J3rd weeding, (yperus
esculentus was closely followed by Digitaria esculentus;
while Cyneodon dactylbn was completely absent. Figure 14,
Tables 3a, 3b, 4a and 4b reveal that after sole cowpea Dan-
Illa treatment, the second most important weed biomass was
observed for sole cowpea IT89KD-374 during ithe I1st weeding
(6 WAS), sole sorghum IC3V-400 OM+IF during the 2nd weeding
{10 WAS}), and sole cowpea IT88D-867-11 Quring Lhe 3rd weeding
(14 WAS). In all these treatments, Cyperus esculentus and
Digitaria horizontalia were the ﬁomiqating waeds. One can

'II
sbooie
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Fig. 14: Effect of cropping system on weed biomass (1994).

KEY:-

1 = Milleticowpea (OMHF) 8 = Sole sorghum G.E. (OM)

2 = Milleticowpea (OM) 9 = Sole sorghum ISVC-400 (OM+IF)
3 = Millet'sorghum/cowpea (OM) 10 = Sole soighum ISVC-400 (OM)

4 = Mitlet/sorghum/cowpea (OM+IF) 11 = Sole cowpea Dan-lila

5 = Sole millet (OM+IF) 12 = Sole cowpea ITBIKD-374

6 = Sole millet (OM) 13 = Sole cowpea (TBBD-86-11

7 = Sola sorghum G.E. (OM+IF)
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Fig. 15: Effect of cropping system on weed biomass (1995).

1 = Millet/cowpea (OM+IF) 8 = Sole sorghum G E. (OM)

2 = Miflet/cowpea (OM) 9 = Sole sorghum ISVC-400 (OM+IF)
3 = Millel/sorghum/cowpea (OM) 10 = Sole sorghum ISVC-400 (OM)

4 = Millel/sorghum/cowpaa (OM+IF) 11 = Sole cowpea Dan-lila

5 = Sole millet (OMHIF) 12 = Sole cowpea ITAIKD-374

6 = Sole millel (OM) 13 = Sole cowpea ITBBD-86-11

7 = Sola sorghum G E. (OM+IF) 14 = (TBED-719



safely concluée; that 1594 weed reqfﬁe was undoubtedly
dictated by Cyperus esculentus and Digitaria horizontalis.

The dominance of Cyperus esculentus and Cynodon dactylon
in.Dan—Illa treatment indicates that these weeds do not like
too much radiation. The light zregime within sole crop
treatments {(Flgure 10} shows that radiation was highest in
sorghum and lowest in millet. That of sole cowpea Dan-Illa,
IT88D-867-11 and IT89KD-374 were moderate. Because sole
cowpea Dan-Illa had a moderate light regime (Figure 10b},
Cyperus esculentus and Cynodon dactylon found Dan—Illa
treatment a better habitat for propagatlion. It was noted
that in sole sorghum ICSV Lreatment with extreme high light
profile, Cyperus esculentus was completely absent as shown
in Figure 10b and Table 4a. Contirming that Cyperus
esculentus in particular reacts negatively to very high
radiation [(Loustalok, 1954; Bell et gl., 19862; Magalhaes;
1969; Bolha, 1971).

In 199% experiment the weed bilpmass for the lst weeding
{6 WAS) were genetally low and statistically not
significantly different. This was expected as this perlod
marked the onset of the cropping season with the rains yet
to be sufficiently established (Figure 15). During the 2nd
and 3rd weeding (Figure 15) and Table 3b, sole sorghum ICS5V-
400 consistently showed higher weed dry weight, This was due
to late canopy establishuwent. As the season progressed, t?e
overall weed dry welght decreased and on 1rd weeding, all the
. intexcropped treatments showed lower weed biomass than sole

¢rops except that of sole cowpea ITBI9KD-374 (Figure 15).
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This was because sole cowpeaus [T89KD-374 and Dan-~1lla were
planted at wider spacing (0.75m x 0.75m) compared to other
sole crops planted at a spacing of 0.5m % 0.74m. Whereas
DPan-Illa with its protuse brdanching charapteristic covers the
ground gquickly, ITBI9KD 374 does nbt.land 50 weed took
advantage of the wider spacing for propagation., Since the
third weeding was done when croeps in gll the treatments had
developed full canupy, dccrease in .Jeed biomass in the
intertrops relative to sole croups was caused by Lhe shading
effect within the intercropus. This confioms the efficiency
of intercrops over sole crops in weed suppression (Geertz,
1953; Webster and Wilson, 1966; Walters, 13971; Enyi, 1973;
Akobundu, 1980). SRR
- As shown in Tables %4, 9b and 5¢, Digitaria horizontalis
was the dominating weed in terums of frequency of occurrence.
This weed also had the highest percentage contribution to
tqtal weed biomass on the different sampling dates as shown
in Tables ba and ocC,
| The light profile in 199% experiment shows Lhat.sole 
sorghum IC8V-400 recorded higher light proflle than other
sole plots. Since this treatment was dominated by Digitaria
horizontalis, 1t stands to reason that this weed can also
propagate effectively in high light intensities and are
photosynthetically c¢fficient as described by Carner (1962)

and Black et al. (1969},



5.2 Bffect of Intercropping Millet and Cowpea with

Sarghum ICSV-400

In the 1994 experlment, Interxcropping millet (M) and
édkpéa.(Cl with Sorghum ICSV-400 OM + IF tredabment leﬁ to
statistically insignificant 26% and 62% less weed on JD 213
(39 DAS of millet) and 244 (70 DAS of millet) respectively
than scle scrghum ICSV-400 OM + IF (Table 3). 0On the other
hand, intercropping millet and cowpea with ICSV-400 at OM
fertility level 1led to statisbtically significant 88% and
statistically insignificant 53% less weed on thelsame dates
than the sole sorghum ICSV-400 plots. Oon the average,
intercropping millet and cowpea with sorghum ICSV-400 in 1994
experiment led to 26% {statistically insignificant} less weed
weight at the OM + IF fertility level while 45%
(statistically insignificant)} less weed weight was obtained
for the same crop combination at the OM fertility level,

The results Eor the first weéd reading in the 1995
experiment were not statlstically significant. Results for
JD 213 (49 DAS of millet) and 244 I&q DAS of mlllet) show
that 57% and Bé% (both statistically.éiqnificant) less weed
weight respeclively were recorded relative to the sole 1CSV-
400 plolts for millet/sorghum/cowpea plots at OM feriility
level. For the OM + IF fertility level, 47% (statistically
insignificant) more weed weight relative to sole sorghum
Icsv-400 piots was recorded on JD 213 in the
mi;let/sorqhum/cowpea ‘ plots, while T% (statistically
insigniticant) less weed weight was recorded for the same

plots on JD 244. On the average, results of intezcroppinq
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milief and cowpea with sorghum ICSV-400 in 1995 experiment
led to statistically insigpnificant 12% and 47% less weed
relatlve to the sole sorghum IC8V-400 plots at OM + IF anq
oM Eerﬁility levels respectively. - 'f

The above results indlcate thal intercropping millet and
cowpea with sorghum IC5V-400 planted in alternate rows could
be used in suppressing weeds. If organic manure and inorganic
fertilizer are applied, millet and cowpea intercropped with
sorghum ICSV-400 suppresses weed by 20% mure (statistically
insignificant) compared to the sole sorghum ICSV;4GU plots,
and by 46% more {statlistically insignificant) when only
organic manure s applied. The differences in weed
suppression by millet and cowpea intercropped with sorghum
ICSV-40¢ could be due to the differences in the soil
fertilily status as 26% additional relative weed weight was
due to the application of inorganic fertilizer. The
implication of this te a resource-p&or farmer is plausible,
5.3 Effecks of Intezcroppinq Hillet and Cowped with

S8orghum Gaya Early

Whén compared with sole sorghum (Gaya early) plots,
intercropping millet and cowpea with Gaya Early led to 77 and
56% {(bolh statistically significant) less weed weight for OM
Ereatment, and 3 and 37% {(both statistically insignificant)
less weed weight for OM + 1F fertility treatment on JD 213
and 244 respectively in 1994 experiment. However, on JD 274
{120 DAS of millet), comparative 75 and 50% more weed weights
were recorded for the OM and OM + IF fertility treatment

‘respectively.
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In the 1995 experiment, comparing sole sorghum Gaya
early with millet/sorghum/cowpea plots at OM + IF and OM
fertility levels, 27% and 46% (both statistically
insignificant) more weed weights were respectively recorded
for JD 213 (49 DAS of willet). On JD 244 (80 DAS of millet),
61 (statistically significant) and 41% (statistically
insignificant) relative weed weight reduction were recorded
for the same respective treatments.

From both trials, intercropping Gaya early with millet
and cowpea at both OM and OM + IF fertility levels led to
fewer reduction in weed weight as compared to higher values
obtained for sorghum ICVS5-400. Gaya early has a more
prolonged slow initial growth than ICS8V-400 and so does not
produce effective canopy cover to suppress weeds. This shows
that sorghum ICS8V-400 is a better intercropping component
than sorghum Gaya Early for weed suppression in a

millet/cowpea cro&plnq system.
5.4 Effects of Intercropping Millet with Cowpea

In 1994 experimeﬁt, intercropping millet (Ex Bornu) with
cowpea led to 53% and 25% (both statistically insignificant)
weed reduction in millet/cowpea at OM and OM + 1F fertility
levels respectively on JD 213 (39 DAS of millet). Oon
subsequent weed harvests, 6 and 29% more weed weight were
recorded on JD 244 (70 DAS of millet) for the respective
millet/cowpea with OM and with OM + IF, while 3 and 47%
increase weed weights were recorded for the same respective

fertility levels on JD 274 (100 DAS of millet).These values
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| weré also statistically insignificant. bn the average,
statistically insigniflcant 16% weed weight reduction was
obsexrved for millet/cowpea at OM fertility level relative to

sole millet plots, while 18% (statistically lnsignificant)

" more weed welght was recorded for OM + IF fertility level,

In 1995 experiment, 44% and 25% reduction in weed welight
relative to sole millel plots were observed for OM fertility
treatment on JD 213 (49 DAS of mlllet) and 244 (80 DAS of
millet) respectively; while for the same dates, 72%
(statistically significant) more weed welght and 5%
(statistically insignificant) less weed welghts were recorded
for OM + IF fertility level. In thls experiment, and on
average for the last two weedings, statistically
insignificant weed weight reduction of 35% was recorded for
millet/cowpea at OM fertility level while statistically
insignificant 34% more weed weight was recorded at OM + IF
fertility level. ° | _ ‘.; N
' From both experiments; millet/coﬁpea plots'relative to
sole millet plots showed 25% less weed welght at OM fertility
level and 25% more weasd weight at OM + IF ferfility level.
These values were all statistically insignificant,. |

. -
5.% Light Transmission and Weed Biomass

The differences in mean weed dgy matter for the 1995
experiment were statistically significant. Sole sorghum ICSV~
400 had the highest two values of percentage LT of 49% forx
' Bdle sorghum IC8V-400 at OM ferlility level, and 46% for Lhe

corresponding QM + IF fertility level. Expectedly, sole
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soxghum ICSV-400 at OM fertility level with the higﬁest
percentage LT, also recorded the highest mean weed dry weight
of 440 kg/ha in 1995 experiment (Table 11b). In 1994
éxﬁeéiﬁent, whereas sole sorghum ICSV-400 at OM fertility
level had the highest percentage LT ot 85, it recorded a mean
weed weight of 270 kg/ha (Table 1lla), Conversely, sole
cowpea Dan-Illa with a percentage LT of 62, recorded the
highest mean weed weight of 600 kg/ha. Obviously, the high
percentage LT within the sole sorghum ICSV~400 plots was due

to its initial slow growth rate,
5.6 Weed Biomass and Crop Yield

In 1994 experimeni, sole cowpea Dan-Illa recorded the
highest weed biumass. Thé same treatment also recorded the
highest graln yield among the cowpea varieties., This was
paradoxical as increase in weed infestation should lead to
a decrease in crod yield as weeds coﬁpete with the crops for
limiting nutrients, water and light. As stated earlier in
Chapter 3, 1994 cropping season was characterised by late and
exratic ralnfali distfibution with occasional dry spell. The
higher yield of 1238 kg/ha (Table lla} recorded for sole
cowpea Dan-Ylla relative to other cowpea varieties was
probably due to the fact that Dan-Illa is a local variety and
is better adapted to the climatic vagaries assoclated with
its indigencus sudan/sahel zones. That Dan-Illa recorded
highexr grain yield than other cowpea varielies suggests that
it has a highexr water use efficiency (WUE) than other cowpea

varieties,. . A f i
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The highest light transwission of 85% was recordea in
.1994 for sole sorghum 1CSV-400 with organic manure treatment,
Expectedly, lowexr yield weight of 643 Kg/ha was also recorded
for fhe'same treatment when compared to a yield of 1144 kg/ha
recoxded for sole sorghum Caya eaxrly of the szame organic
manure treatment (Table lla). The decrease in ygrain yleld
recorded for 1CSV-400 relative to Gaya edrly could be due to
competitive effects of weeds as there Qés lower shade levels
in ICSV-400 treatment than that of Caya early.

In the 1995 experiment, the highest mean dry weed weight
of 438 kg/ha was recorded for sole sorghum ICSV-400 with
organic manure treatment. This treatment also recorded a
lower yield of 1560 kg/ha compared to 1760 kg/ha recorded for
sole sorghum Gaya early of the same crganlic manure treatment
(Table 11b). 2As in the 1994 experiment, the decrease 1in
yield observed for sorghum IC8V-400 could be attrihﬁted to
high weed virulence observed for these plots. The wider
difference in yield between IC3V-400 and Gaya early for 1994
compared to 1995 experiment was due to intermitfent dxy spell
occasioned by éhe erratic rainfall pattern that occurred in
1594 cropping season. The local Gaya early was more draught
tolerant than the improved ICSV-400. In 1995 however, the
rainfall pattern was evenly distributed throughout the season

to close up the difference in grain yield between the two

sorghum varieties as shown in Table 11b.



104

CHAPTER 6
SUMMARY AND CONCLUSION

Sdle sorghum ICSV-400 with organic manure treatment
recorded the highest LT values for both 1994 trials in the
sole crop treatments . In the 1995 experiment, this treatment
also recorded the highest weed biomass during the 2nd and 3rd
weeding. However in 1994, sole cowpeda Dan-1lla recorded the
highest weed biomass on all the sampling dates.

In millet/cowpea intercrop combinations, millet-millet
arrangement showed lower LT values relative to that of
millet-cowpea arrangement for both trials.

Inmillet/sorghum/cowpea intercrop combinations, millet-
sorghum arrangement had the lowest LT values during the
active growth season than the associated sorghum-cowpea,
millet-cowpea and cowpea-cowpea arrangements for both trials.

There was a ;eductlon in weed biomass of the intercrop
relative to sole crop plots. In the 1994 trial, all the sole
plots of the cowpea varieties used in the intercrops recorded
higher weed biomass éhan the associated intercrop. The same
trend was observed (particularly for sole cowpea Dan-Illa in
the last weeding) for 1995 trial. This confirms the fact that
intercropping suppresses weed more than corresponding sole
crop, thereby indicating that shading is a major factor in
weed suppression (Baake and Gaessler, 1945; Keely and
Thullen, 1978; Patterson, 1979, 1980).

A summary of weed regime in this research shows that

sole cowpea Dan-1lla recorded the highest weed biomass in
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1994 experiment; while sole scrghum ICSV-400 recorded.the
highest weed biomass for 1995. From the two experiment, it
was reailsed that the weed flora was dominated by Digitaria
horiéodtallis and Cyperus esculentus. Understanding the
reactlon of these two weeds to light is the key to explaining

the influence of cropping systems on the weed Elora of the

study area.
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o Rain ot

fall evapo
Month (mm) (mm)
-.Ja,n. 0-.'5“_ 5.6
;3 Feb, 0.0 7.2
;Mm‘. 0.0 10.0
IApr, 10.4 9.8
.E'May 47.7, 8.9
'Jun. 130.1 8.6
[J‘Hl. 160.5 6.5
Aud. 249.9 3.8
|Sep. 133.3 .9
Oct. 37.9 7.4
Mov, 0.0 6.3
Dec, 0.0 5.4
Total/avg 769.2 7.3

Wind Solar
speed  Radiatn
(km/h MJ/HR

e 196 2
1.6 22.7
1.2 26.3
2.5 23.1
2.2 23,1
3.5 21.1
3.2 18.2
2.0 17.2
1.6 19.3
1.4 20,1
2.2 20.2
2.H 19.8
2.1 20.9

Mijibir Weather Data: 1994 (Appendis A)

o S h —— — —  ——— ————

Temperature( C) Rel.humidity(%)
Max Min Max Min
29.8 12.5 24 10
31.9 14.7 16 10
38.8 18.3 15 T
38.6 24.2 32 8
37.7 25.2 40 8
37.9 25.3 49 16
a3.4 22,8 59 24
30,1 21.4 69 35
32.9 22.0 66 26
35.0 21.7 58 19
33.0 14,0 32 18
28.0 11.8 25 19
33,9 19.5 10 17

——— T S i o T S
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Mijibir Weather Data: 1995 (Appendi, Z)

Rain Pot Wind Solar

—— -

fall evapo speed Radiatn Temperature( C) Rel.humidity(%)
Month {mm) {mm) {km/h MJ/HR Max Min Max Min
Jan, 0.0 0.0 . l.:..’." . 0.0 27.6 10.9 —-20 _“I(-B-
Feb. 0.0 159.4 1.7 24.7 30,7 12.8 22 16
Mar, ) 0.0 220.3 1.7 26.3 37.6 18.0 24 16
Apr. 7.1 205.9 2.9 22.4 39.7 23.9 24 20
May : 25.5 214.7 2.4 23.0 37.8 24.9 64 a8
Jun. 125.6 196.5 3.0 23.7 34.4 23.0 67 16
Jul, 99,1 119.8 2.7 19.2 32.8 22.5 63 12
Aug, 146.3  162.9 1.6 18.3 32.1 21.9 2 52
Sep. 156.3 166.9 1.5 19.4 33.2 21.8 69 16
Oct. 0.0 58.9 0.9 21.5 32.8 22,1 45 28
Nov. 3 0.0 115.3 . 1.3 22,0 30.8 11.9 20 15
Dec. 0.0 161.5 1.1 21.8 31.6 11.9 18 11

s = = ——— —— —— o e s

Total/avg 5569.9 1801.5 1.8 20.2 18.9 26.1 42 29

—— —  — ———————— o T — T = —




