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ABSTRACT

A field experiment was conducted at Saminaka and Samaru in
1983 with the am of determining the effects of plant population
and cropping pattern on the yield and yield components of maize
and sorghum in mixture. An attempt was aisn made to determine
the optimum plant population and cropping pattern for the mixture.

A factorial experiment was laid out in a randomized complete
block design with four replications. Combination of two plant
populations (44,444 and 66,666 plants ha') and six cropping
patterns (2:1 and 1:2 of maize: sorghum mixture at alternate row
and within row arrangement together with sole maize ana sorghum)
made up the treatments.

Increasing plant population of maize in the mixture from
44,444 to 66,666 plants ha') increased the grain yield at Samaru
but not at Saminaka. The 2:1 proportion of maize:sorghum at
alternate and mixed within row gave better grain yield of maize
than the 1:2 proportion, but inferior to the sole maize at both
locations. These observations were supported by data on light
interception. At both. Samaru and Saminaka, plant population
levels and cropping pattern failed to affect the grain yield of
sorghum.

There was an average mixing advantage of 20% for the 2:1
and 1:2 proportions at Samaru while at Samin®a, the mixing
advantage were 25% and 30% for the alternate and mixed row
respectively. The land equivalent ratio (LER) gave a similar
results with an average of 1.37 and 1.07 for the 2:1 and 1:2
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proportions at both sites. At Samaru, all cropping patterns
gave higher grain yield at higher plant popul ations except for
a snmall decline in the 112 mxed row while at Sam naka, three
of the m xed crops responded positively to plant popul ati ons
whereas "both sol e crops responded negatively. The alternate
row had higher LER at Samaru while the m xed row arrangenent
had hi gher LER at Sam naka. It is therefore obvious fromthis
work that the optinum arrangenent for sorghumnaize mxture is
conclusive. The 21 proportions (mnaize:sorghum performned

better than the 1.2 proportions at both |ocations.
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CHAFPTRR 1

INTRODUCTION

Mixed cropping is 4 common pré@ctice among tropical small
scale farmers. There is abundént literature on yield advantages
of crop mixtures over the solé crops. Recently, there has heen
a2 resurgences of interest in research studies on intercropping
in the tropies (Okigbo, 1979). Although rasearch and extension
workers hAad hitheérto Attemrted to convince small-scale farmers
in the northern states of Vigeria to shift to s0le cropping,
such & shift never becare a reality (Ahalu, 1977). WNorman
(1976 in his studies of three villages around Zaria Shawed that °

83% of the cultivated area was devoted tn mixed ernpping with

two component crory in mixtures being the mnst common. The
potential role of improved mixed cropping in increasging world

food supply has been reécognized by many researchers.

Sorghum is the most important cereal crop in Nigeria. It
occupies @bout L5j% of the total lund devoted to cereal productior
in the country &and account for LUk of the total cereal productior
It is estimated thst about 3.7 million tons of gra&in are
produced snnu&lly (Lgharevbd, 1979). According to Andrews
(1972), sorghum constitutes the staple food for the bulk of the
population in both Sudan and Guinea gavonna ecologica]l 2ones of

Nigeria.

Maize is 81so 8 traditional staple food crop but grown
mostly in the southérn parts of the country, with the area
devoted to its premduction in thé northern states fect becoming
significant. The fresh grains are eaten reasted or bniled on

the cob while the mature dried pgrains are either conked with



pulses or rrocessed into porrldge. 1t is 2ls0 one¢ of the major

ingredience used in the poultry industrye.

Maize and sorghum mixture is gaining in importance in the
southern and northern Guinea savann8 zZones of the country. In
the traditional cropping systems of these zones, maize seemns to
be replacing millet. In fact, meaize-sorghum mixture could be
geén as a fairly recent &slternative tc the traditional millet=-

sorghum mixture in the northern Guinea savanns.

Some of the most critical problems confronting workers in
crop mixtures is the proportion of thé component crop &nd the
plé&nt arrangement to sdopt in the mixture (Raker, 1979). This

study was undertaoken With the f~llowing objectives.

(1) To study the effect of plant prpulation and cropping
pattern ~n the yield and yield component of maize-

sorghum crop mixture.

(ii) To determi:e the optimum population and cropping
pattern for optimum grain yield of muize and sorghum

in mixed crops.



CHAFTER 2

LITER:TURE REVILW

2.1 Mixed Cropping Defined

Ruthenberg (19?1) defined mixed crop) ing as the growing of
or more crops simultaneously Without any row arrangement, while
he referred to intercropping as the growing of two or more crops
simultaneocusly in &lternate rows. Qther authors (Andrews and
Kassem, 1976; Willey, 1979) have defined intercropping in same
way as mixed cropping 8s the growing of two or more crops
simultaneously on the ssme piece of l18nd in a year irrespective
of the spatial arrangement. The cnwmponent Crops need not
necessarily be soWn at exactly the same tim€ and their harvest
time may he quite different but they are at least gr~¥n together

for significant part of their life cycle.

2.2 Genera) édspect of Fiant Fopulation and Srrangerment

Plant populétion ig defined as the number cf plédnts per
unit area of land. Spatial arrangement, on the other hand
defines the distrivution pattern of the plants over a given lénd
area, The main provlen in designing & Luitable population
for a given crop mixture is that a single plant ©of on€ component
erop could not always be eduated directly to & single plant
of another. Replacement mixtures are oftén used to m&intain
the population pressure to en@ble comparison With &nother
ractor (Willey and Osiru, 1972). Among farmers With sorghum-
based cropping system of the northern Guinea savannd,

intercropping must give & full yie)d of the rain crop 2nd some
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yield of the intercrop (Baker, 1978).

Hume et 8l1. (19%6) suggested that optimum plant population
will vary with location @nd soil fertility. On @ very fertile
soil, Kohnke and Miles (195') found thst the bhest yield was
obtained by planting at the rate of 37,000 - 49,930 plants ha_1
and that drilled msize produced more than either hilling or

uniform spaced sowing.

2.3 Populstion effect on grain yield

2.3.1 Sole Maize

It is important that optimur plant population for maize
should be established if maximum grain yield is desired. The
optimum plant populf2tion for maximum grain yield of maizZe has
been well investigated (Darrold et &l 1963). A numbér of
studies h&veé shown the need for & relatively high plant
populétion in order to maximise yield. In the dry western
region of the United btates corn belt, Hume et al., (1956)
studying the effect of stand density on greain yield 2nd kernel
moisture in maize at two locations in South  Dakots over a
period of 10 years found that the highest average yield in the
eastern part was obtained with 3.5 plants/hill while in the
drier central part of the state 3.3 plants/hill produced the
pest result. These levels represented ahout 28,899 and 21,983
planta/ha-1 respectively. These results suggested that the
optimum plant popula@ation for prain yield varied with 1lncetions

and soil fertility.



In Missouri, Zuber and Grogen (1956) using 12 hybrids at
three levels of plant density found that 29,640 plm-‘-t,s"'li was
most suitable. In North Dakota, however, Carlson et al., (1959)
showed that on dryland, ma8ximum yield level can b& .obtained
with 27,700 pl&nts ha—1 and that irrigation and nit rogen
fertilizer had te be applied hefore a pajor yield response of
both grain and forage could obtained from stands of 49,400
plants ha"1. Muleba (1980) reported on an experiment with
three maize varieties at three densities and three levels of
fertilizer that 8ll cultivars responded similarly to plént
density. Ramirez and Bejerann {(1983) reported that the seced
yield increased with plant spacing along th€ row and was gererally
highest at C.8m apart with 60,000 plants ha-1. In asgsessing rlant
population and grain yield in maize, Bunting ana Willey, (1959)
reported that 73,000 plants ha_1 was optimal for the flint types
and early hybria varieties enda that individually sp&ced plants
performed better than those on the hill which was & common
practice in the United States, thus facilitating cultivation

in two directions at right anglies,

Nigeria, however, optimum plant popul&tion for most maize
) -1
varieties appears tc he 53,000 plants ha and any population
-4
beyond 75,000 plants ha is likely to he detrimental to grain

yield (Anon., 1983). WMaximum prain yield prnduction under a



given get of epvironmental eonditions ray involve a specific
plant population derunding on A rarti-vl r hybrid (Darrnid
et al., 1963). They rcported that totzl forape preduction
remained at maximum even when plant populatien was increased
furthér beyond optimum but production of murketahle jrein may

b€ severcly rewauced by adopting excessive plunt populetion levels.

2.3+2« Ohoot characteristics

Ylant chapracteristics nay be affected by populztion
densities., suber and Grogen (1956) reported that stalk lodging
was moreé than doubled for €ach increase of 9,880 piants ha-1
starting from 19,760 plants ha"1. SBimilar reporte were given
by Shubeck and Cardwell (1955); and Fohnke, 2nd Milee, (1951).
Silking date for m#ize in Indiana wes delayed by two days for
each increment of 7,400 to 9,880 plants ha-1. Thege dats Are
similar tn the Vinnesota r<sult nf Shuheck sand C-rdwel]l (19585),
showing 8 five-day delay in silking associated Witk increase in
plant population fror 8,767 - 43,917 plants hﬁ_1. Cantrary to
this however, Zuber ouné Cr-gen (1356) ecould - nnt associate any
variation in silking date or méterity with 2n increase in plant

population.

Under plant populations denser th&n optimum, sizc of maize
plants becomes more variable ana uniformity of boti plents and

their inflorescence is reduceu (Larrold et 2l., 1963).

High plent population in maize ctused &n increasc in the
incidence of stalk lodging because of a ¢teady decredse in

stalk diameter with increase in plat pepulétiorn. Increase in



Plénting rates also resulted in a decrease in ear sizé ane
uniformity. At e€xtremely higi. rates however, espeecizlly when
accompani®d by drought, the Gifferences in car siZe fmong
individu<l hybride were complttely obliterstee whercas updepr
favourabl€ conditions, thc decpease Wos proportionsl to the
plant populsation for eusch type (Dorrold et al., 196%), Hapeer
and Couper (1Q72) recported that & high plent populstion resulted
in shorter and thinner sters while nitropen fer+ilizZer pererally
resultéed in increased plant heipht and stem thickrees. Eddowes
(1969c¢) reported thut competition anong plants led to 2 reduced

ear weicht per rlant which wag cither duce to inrreasing plant
population or by partial defoliztiorn, or bhoth.

24343« Wnole¢ crop yield for animal feed

The rate of dry matter production and wistribution betveen
plant parts is 8ffecteu by pliént population. #accoraing to lucus
(1981), dry m&tter production per unit dre@ increasec 2s plant
population iner€ascd. e obucrved that there Was no 8ignificant
difference between plant density treatment until 75 days sfter
sowing when high plant densities of L.4 and 6.6 p?ﬁuts/mz TaVE
significantly hicher dry rattoer yield per unit srcs thip the
two lowest dend ties ot 2.6 #nd 3.7 ;]unts/m?. Thi~ differerce
was rmaintaineéd until hirvest, a stape at which thiwas no longer
sipnificant. ¥ reported that the highést popnl@tion riached
the peax dry weight hy 81 days after sowing wrile thé lowest
population attained this at 117 days. Ve showed that dry
matter yield per unit area was higher in the derived savanna

than in the forest Zone¢. He therefore; concluded that within



the range of censity treatrents used, yield-plant density
relationship wao aSymptotic, whici: corroborutes the [indings
of othier workers 1like Acelans and Vilbourn (1972) zaua Allison

end Watson, (1368).

The difference in dry m=tter prodnction uwetWeen trefatments
diminished ag the se€ason progressed (adelans snd ¥Milbourn 1972).
In their expsriment on the sffect of maize density on yield of
dl gestible dry matter ond grain using three maize hybrids (X754,
A210 and ¥X33) they found thet after 23 weeks, not much
differences was found bhetween the thrse post dense populations
treatrents, According to Adelsna and Milbeurn (1972b), stem
dry weipht rose to @ peak ot 26 weeks after Sowing and then
declined thereafter {(hy L8, 38 and 354 for K754, A210 anpd K35,
respectively), by the time ~f final harvest at 28 weeks, Haggar
and Couper (1972) in their experiment on the effect of plant
population on yield of maize grown for silage ia Nigeria, found
thaét within most treatments, dry matter jlela of 1€ cves reached
ite peak &{ approximately 60¢ duys sfter sowing, Wonile tosg of
gtem continued to igerease until i least 70 Geys 2ftor SoWing.
They found that the stem coriporg ot consntitvted two thirds Of tht
total dry m2tter yield while tne mean yield of cop® was smell
and represented aypreximttely 8% of the  wvtal yield or dry

metter even a5 1ate &g 80 days after sowing.

Increasing plant popul8tion increased the total dry
matter significantly with the close spacing (15 x 17cm)
ocutyieliding the contrel (S0ew x 1Qcm) by 2n sversee or 16%

(Haf_{'gf'ﬂl‘ and (‘O‘lperr 1972) N A(C‘Or’ﬂ.inff t:-\’ t}jcsc b r'\]"k'erls in (:P.:Jasjng
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plant bopulé&tion tenued to snorte:n the per.ou taken 10 reach
peak of dry matter yield while proportion in the leaf tenued

to increase a;d that in the cob decrcased. Flonting on the
s4uare resulted in an average increase of 20% in dry maiter of
corn relative to the control spacing. Bdeowes (1969a) reported
no significant difference i1 total dpy watter yield within a
plent population cange of 37 - 93 thonsand plants ha'1, but that

2 lower plant population h=d lower total dry matter yic1ld. We
found that a plant popul®tion of 37,L00 plants na™ outyieldea
both lower 2and hipgher population in terms of numbar of e2rs per

unit areca.

2.3.4. Partitioning of sassimilate

Different maize (nltivars have different 2bilities to
translocate assipilates to their respectiveé parts. adelana apd
Milbourn (1572) found that anong the three cultivars, K33, K754
ana A210, used in their experiment K754 had 63x of 1ts total
shoot dry matter contéinea in tne eapr at insl napveect walle
A210 hed only 52% in the €ar. They reported tiuat the
reproductive to veg:=tative ratio was higher in K754 the8n in
other cultivars which sugpeeted that it pertitioped 8 higher
proportion of total dpy matter into ear. Thie ratio . 88 hovever,
low in the 1ate hybrid K*3 which was due to exph2cis on higher
partitioning of dry matter into rcpreoductive tissuc gave

higheér grain yic¢ld Adelsns apd Yilbourn (1072).

Tucas (1981), using two meize varieties FARZ 23 =rd T'D7
27 found that the PARZ 27 had 6L of the total dry metter os
leaves at 30 dayes after sSowing while PARZ 23 had 61%. At pear
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of dry matter prodie tion, FARZ 23 and PARZ 27 had 38 and 39%

of total dry weicht in steme and therecfter ster lost dry Weirht
till harvest by 62 and A5% respectively. This indicoftes a
possible remobilization of stem assiniltte to the prain. L
gimilar observotion was also made hy 'delans apd Vilbenrn (1972)
who attributed tre loss of stum dry weipght 8t harvest prrtly

to resypiratory losses but mainly to - onciderable remobilization
of photosynthate from stcm to graine Inrresse in prain weipght
wes subStantial as the stem was loosing weight rapidly enough to
assume assimilate remcobilization from stem to graéine. Van
&ijnatten (1963) however, round no €ivdnece of assimilate
remobilization. Tuic contradictory obscrvation Was however,
attributed to the fact that the cxperimoent was terninsted too
early for such evidence to te apparent. On the other hand, it
could be porsible that the m@8izZe variety he used was at that

point that it was still recciving adequate current photosynthate.

2.3.5. Population effect on greain yvield of sole sorghum

Creopring pattern apd populsation has b en found to effect
not only grain yicid hut 2770 other factors like snil terperature
ard control erosion. VMoldenhans and Tipseombh (1957) reported
that narrow-row planting of sorghur was attracting on incre=2sing
interest among farmers of th¢ soutern high plains of Kapsas,
Working on thc¢ sandy snils of @outhern Great Pluins, they found
that narrow-row sorghum helped to control wind erosion, conserve
moisture anu reduce surface crusting. In Texas wuinby et 4l.,
(1958) found tnst a stand -thicker thun 66,000 plants hh—1 in

normé8l 90 - 108cm rows may reducec grain yielu of sorghum in a
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dry year. Brown 3nd Shureder (19%9) at Hays, Xansas found
that the optimwn plant popul=tion for a pood yiclid of dryland

s8orghum vas 2t a row spacing of 25-5Ccm under the moderate

drought of 1955.

Karper (1929) studying prain sorchur 2nd its relationship
to r2infall 9nd optimum plont peojulstion, crphieized the
difference in rainfall ané dendg ty relationship hetwsen penotypes.
He found th:t the ~ptimum population for Kafipr far exaryple was
10 times greater in a wet seas~n ~mpared tn a dry seasnn.
Havelka (1965) found thot @ rrow rows of sorghum did n~t
significantly increasc grain yield. However, he found a yield
increcase of 450-785 kg grain ha‘1 by sccuing in paired rows 30cm

apart compared to 2 single uniform row sjE cinge

Inereasing plant pcpulation f'rom 30,000 to 75,000 plants
ha- in 1975 increase grain yield from 4.6 - 6.0 t ha-1. In
1976, however, raising plant popultation fror 150,000 to L45C,000
plants hﬂ-1 incressed pgrain yield only from 3.2 = 3.7 t ha-1
(Hume, and Kobede 1981). This showcd that the optimum plant
population varied with the yegr. Thomae nd French (1980)
reported that grain yield of sorghum ranged from 1541 to 3068 kg
ha  in central Quecnsland, Mustrnlis -nd that the resulte ¢id
not show a predict ble effact of row spa-ing or plant populntion
densities on er2in yield. They however, reportcd that densities
of 80,000 te 136,000 plants h3-1 were €qually ~ptimom over 2
range of yield levels and ro# spacing. According to ‘inon (1920),
increasing plant populstion density of sorghum from 33,300 to

50,000 plants ha'1 at Sai.oru increased groin yield by 19% but
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Yiela decline slightly when plant aenS8ity was increased to
66,600 plants ha-1. andrews (1976) reported thot the best
srain yield was achicved by the irproved short statured sorghum
from plant popul®tion which were approximatuely twice tlose
required by a locsl variety. 8jimilar yvields were hoWever,

obtained over a8 wide range of plant population from arnut 50,000

t0 95,000 plants ha~ .

Wahua snd Yillcr (1978), who intercropyed gorghum with
Soybe€an, found that the prain yield of sorpghur increased linearly
with increase in piant population in the mixture. S rghum
tilléring =bility and population density were found to he the

major determinants of prain yield in the mixtire.

2+346. Bpoot chiracteristics

The plant characteristics h8s becn tound to ge affected
by various factors including plant population #nG pethod of
rlanting. Brown ana shareder (1959) reported thet sorghum plart
height is morc affected by row width then by plant ropulation
Spreading of thé plant resulted in nore tillering 2nd thus
maximum leaf cover. Thomz2s onu Fwench (1920) found that
flowering was more uniform and of shorter duration in wide rowe.
A marked dceliné in hesd size (weight/nerd) was reported when
plant populdtion was ineprased beyonc optimam (Annan. 1980) while
Anon. (1982) peported that +he number of qud/ﬁg inepeased
markedly with incressc in plant deneities but head weioht
significantly declined as plant rapulation increased beynnd

-1
50,000 plants ha .



2e¢3¢7. Partitioning of assimilctes

The final grain yield of sorghum is dependert on the
e¢ffeciéncy by which 2¢02ipilates are accumnleted in the huad,
The dry mé&tter in sorphum praip is dcrived mostly fProm assimilate
produced after hcad emereence (Stieler ord Panli, 1961). Also
growth before headineg offzcte prain yield sniy indircctiy by
determining the size of tht ip®lnrencence 2% of the assimil=sting
system which persiats after head emeprpence. Nosberger and@ Therne
(1965) reported that preventing 2ssimiiation in the hood by
shading increased the movement of carbohydratcs Trom ctem to

the grain .

Bepawi (1938') found that allocation of resources within
tne ;lant parts varicd botween cultivars. He found th&t although
Safro was not the mobt responbive cultivar to nitroren fertiliZer
yet it was the mosSt efficicat in nitrogen utilizution. This
efficiency, according to him, was dque to its ability to allocute
more assimilates for graip than for straw production, which is

a desirable character under low input 2gricultural system.

foldsworthy (1970) working on @ number of sorchum
varieties reported th2t thc¢ dry weipht of NX300 w's much smallep
than those of the other vericties, moainly becouse NE300 is 9n
early raturity vsriety snd is thus planted 12te in the sc¢-son.
He found that the dry weight of stall snd shnot of Paprafapa
were 3 to 4 times thot of 1K300. This preat Jifference, he
attributed tn the much lapreger weight of ster of 'Farafapa’,
Heads represented less than 20j: of the total dry weight in

Parafara and shout 504 in NK300. He concluded thuat the grain
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yield of Papafara was limited by the distributior » agsimilate
within theé plant rather thon hy the total suprly of the ansipilateld
The ratio of respirttory ticzue to ascimilntery tissus ig larper
in varietics of cercsls with Jarge ztem than those grall
stems, which pbe thought may explain why the grain yield frop all

long season varicties was fregquently smaller.

2.3.8, PFoprulation azna arrdngepent jp Mixed Crors

Mixed cropping has been identified to perform betict in
terme of totel grein yield than the s0le crops. sccording to
Andrews (1972) mixed cropping with sorgnum gave much greater
yields than 2 single crop of elther sorghur or millet. Kassam
and Stockinger (1973) working on the millct-sorghur mixed crops
reported that mixed cropping is particulorly beneficial whepn it
involves two cOmponznt crops which are of different srcWth cycle
because this allows the greatest scope for meking better use of
all theé 2vailible r sources. Cain ip miXtures has reen f'ound
to b€ Jssocirted with hetter lipht utilizaotion heeinge rof the
different canopy @tructurce (/nene., 128'). Shart “ayra sorphor
showed an increase in rate ~ total dpy patter production jer
unit arecs after the cveplier crop wiag removeds. This sappusted
that gain in wixtures is pessible vher one »f the cpors i8
harvested 34 days or more eaplicr or 42 days or more later than
the asgoclated Crop. 1t was earlicer recompended thoet ceresals
of more than six weeks uilference in maturity be cown in mixtures
(inon. 1976). «ndrews (1974) reported that when = tail ana &
short variety of scrphum were compireu both 48 8ole s mixturce
with millet, th¢ short varicty was found to be superior both

as mixture and as scl€ crop.
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@wonubi (1980) reported thet a tall sorghur viriety
produced the same totsl dry matter per plant cither as mixture
or alternfte rows, with millet. Ve 2180 found that the dwarf
Sorghum variety yielded more grein in rixtures with millet thar,
in pure or altern”te astands. This indicated thot piXing enhoncazd
grain yield in dwarf sorghur. VFixing signifi-on+ly inereased
the yield per row of hoth millet and sorghim. The response of
sorghum to porulation increasc was gimilur {10 the responee of
the sole crop. Maize however, respond difforently in miXteres as

compared to soOle,

Baker (1979) working on cereal mixtures attributed the grain
in mixtures to the efficient canopy structure provided by mizxing
& fast-growing carly m&turity cereal, with a slow-growing late
ma2turing one. He further suggested using & denser population
of eitheér or both components. & series of experiment at the
IaR has demonStrated that maize ein be grown with millet and

sorghum succesSsfully without loss in total prain yield.

2.4 Plant Populstion and leaf Cover

2.4.1. Jeaf cover and lipht interception.

Only & rart of the solar radiaticon is intercepted by the
leaf surface. The tntal amount intercepted depends an the total
amount of leaf cover, which i8 a function of the plant
population. A frfictinn ~f the incoming solar radi=tion e8capes
interception by the crop unleéss there is an optimum leaf cover
(Egharevba, 1978). The density of the foliuge cunopy receiving

the light is the most importunt 4aspect relating to prouuctivity
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and scolar radiation (Legharevia, 1976). Trenbuth (1979) sumpariced
results of several experizents snu copeluted tpat photosy thetic
light use effeciency of the cancpy is the product of two
components: the proportion »f incident lirht thiot is intcrcepted
and the cffeciency of the¢ canopy itself. Sirilar recults were
reported by Naterejan and Willey (1980). Tronbath went on to
suggest thit mixed croppine should eensist of an Upper conopy

of small inclined leaves with maximum rate of photosynthesis and

a lower conopy of A more horizeontal leaves arranged possibly in

mosaic with lovw raximum ra2te of lea photosynthesis.

2.“.2- Majze leaf cover

Higher leaf cover i5 more easily achicved snd high plént
population. Iucas (1581), cxperimcating with twe wgpize
vurieties reported that the hicghcet leaf cover {or bhoth varictius
at thé two loc:tions wWas reached between 61 2nu 75 days uafter
soWwing. He found tnat the hichest lesf cover was at the hiphest
density but this thep deelined rere rapidly thon the lower cencity.
Haggar ona Couper (1972) reported that incrense in plomt -
porulation significaptly increased the 1caf cover sné thus
resulted in hetter lipght intercoption in maize. They (ound thot
nitrogen level significoently increnascd “he 1eaf cover spd that ot
all plant densities, leaf aprcs index (1°1) rosc te a peak value
and then declined. They ~bservaed that increasing plant density

reduced the tip: taken to reach moaximum 1<af cnver.
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2e4.3. Borghum leaf cover

The higher the amount ~f leaf cover, the mare thé light
intercepted and the grester the grain yicldes Sarghum is u «ereal
crop With @ heiyght of anovt 50-300cm Wwith uyripht »r drcopiag
leaves. according to Kowzal (1972), the most important «h@practer
for predicting grain yield in sorghum 18 an udeyuste leaf area
to intercept the BOolar raaiation for photosynthesis. Golasworthy
(1970) while working on 2 verieties of sorghur found that plant
helght, deneity of folisage and crall leaf angle of leaves in
reletion to incident rediation incrcascd grain yield. He
further observed that the life spar of lcaves is short.r where

they @=re densely &shaded.
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FHLFTER 3

PV oTeRIATS LMD NETHODS

3.1 LExperipentzl Location

Twe trials were conducCtcd during the 1903 croppliug Seusolie
One trisl was locoted on the IAR rarm at banaru (11° 10'N,
07° 38'L) sn¢ the other st Sspiuska farm centre (10° 27'L,
08° y's). Poth locations &@re in the northern Guines savanna

ecological zonés of Nigeriz.

3.2 Crop Variz=ties

Theé sorghum voriety used was short kaure (S¥ 5912)., This
is 2 short stotured vsricty (24€.2m t711) with yellow grsin &nd
has a prroWing reriod of 180-190 cays. The m2izZe voriety prown
was TZR (FAZ-3L). This is 2 whitc sceded varicty of 1.8-2m

tall and a provicg perind of abont 12¢C days.

2.3 Experimintal Design

4L factorial expuriment was luid oot in © randopizZed
complete block desipn (RCB) with four replicutions. The Eroous
plot consistec of nie ridges Q.75m 2pirt, 6m long withn &n dred
of h0-5m2- The net plot 2t ocanin&kg8 hau 6 ridgus C.75m apért
ém long with an arca of 27m2 while at ocandru 3 riui€s by O.756a by
ém long was the nct plot with an area f 13.5m2 und the other
three ridges reserved for sempling (ricpes 3, 4 =nd 8), while

ridges 1, 2 and 9 were left as guard rows at hoth locations,
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7«4 Experirental Treatrents

The trecatmentc were mode of two factors (peant populations
and cropping rétterr). Flant ropulations of Ll ,LLbL =nd FE.56R
plants h3-1 werec nsed in the trial, while the six croppinge
patterne were 2:1 and 1:2 proportione of miizetenrohum mixture
both in 3alternate row and Within row arrongercents teogetiher with

s80le crop= maize and gorghum.

4t Samaru, the field was previo sly planted tn maizZe-cowpea

during the preceding ycar while thaet at oapin ka was pnder sorghum.

Tht land was disck ploupghed and harroweu dnu o coppoclte
501l sapple tuke . from O-15cm depti on sach site wiu separatcely
analyscd for physiczl and chumicul propertics (Tavle 1). Bingle
superphosphate fertilizer was later broadcast at the ruate of 4Okg
P205 pefore ridging. Ridging was done 2t a row distance of 0.75m

at both sites with ecach plot consSigting of ailne ridgpes.

Seceds were trefted with aldrex T at the ratc of 15¢g
dressing chemical 3 kg-1 and later plonted with threc maize sceds
and five tn ten snprhur coeeds hnl&-1 at a syacing of 3Cem nand 20em
which when thinned pove plont popuwlation of LU hhly snd 56,666
plonts ha“1 respectively. "here was a mild attack of sterbhorer
on Sorghym and this was (ontroll:d by srraying with - arkoryl

(Vetnx 85 WEB) =t the pate of I kg él.i. 500’1 litres of wotcr.

3.6 Measurepent and Observotions

3.6.1« Meteorological adta

These include rainfall and sunshine hours (oppendix tavles

4'81’ A2 ana B)l
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Table 1: The physical 2nd chemical projerties of the soil of

the experimental Sjtes at Secporu 28 Sapinaks in 1983,

— i — ——— e

Soil characteristics Samary Soninaka

Particle size

Percentage clay 18.00 10.0

Fercentoags =ilt 39.0 3.0

Percentage snnd L3.0 56«0
H values

in water (1,0) 5.70 6.20

in 0.0'm Cacl, 5.10 6.70
Organic céarbon content (%) U.50 0.50
svnilable ¥ concentration (ppm) 21.70 153
Cation .xchange Capucity Hed Del
Exchengeable baseo mea/100 g soil

Ca 1 .85 255

Vg 04502 0855

K 0133 0«50

ra 0.3%48 0:152
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362 Estaplishment count

The estavlishment count was conducted Tour weeks aftoer

sowing for both crops ©t hoth locutions.

3.643. Le8f cover for wiize apd sorghum

Leaf cover wus determined at 6, 8, 11 2nd 15 wecks after s
sowing (w.a2.o.) for cowghum and maize with A#» addition®l one 9t
18 weeke Por sorghur u€ing m optiec2l pnint quadrantas described
by Baeumer and de=Wit (1968). The instrarent was o ~nstrooted
locally. ¥or nhscrvations, a4 step ladder wnas uscd fr above

the crop chnopye.

The jeaf cover, was cstimated by rccording the rclative
frequency of the lvaves of tie various spucics and the bdro
ground that was povn from 2 wonstant augle of MBO. For eacn
plot, the sample cunsisteda of two arcs cuttin, acrows the
direction cf the rows centred on the observer Staticied &t each
apd of the rov in turn. The estimite wac cxpressed s percentage

leaf cover of each compor.eént Spucies.

3.6 Plont dry “cid t

Three plants werc sampled from ridges three, four &nd
eight in each plot for both meize and sorghur 9t &£ix, eipht and
cléven weeks after sowine. Thesge samplcs were oven Jricd 2t 2

constAant temperatnre of 60“” and the weirht recordecd.
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Z2e6e5a Tiller ampber per et plot

The numbher of tilleér per net plot wos recerded 6 woeeks ofter

gsowing,

3.6.6. Date ~f pending in soyebyr snd tosse)line in noize

The dates of hnth headine jn sopghur 2nd tesscelling in maize

were reonrded.

3.6+7+ Stand count 4t harvest

The total number of plants/net plot 8t horvest was counted

just prior to the hirvest of each crop.

3.6.8¢ lodging count of sorghup 8nd majze

The number of lodged planty in hotrn malze anu sorghum were

recorded 2t harvest.

%.6.9. Flant height

The pléct heicsht at harvest was measured for edach crop at
both locdtions. & Sample of ten randonmly sclected pl9nta were
taken and their height to the tip of the tanse] (maize) fnd

rénicle (sorghum) were pessursd. Sn averaec plont heipht for

each plot v as later c¢olealated,

F.6.10. Number of ecars anc h;adaén@t nlot

The number of maize cobs/net plot and sorghw. heads &g

hirvest were counted.



3.6.11. Graip yield

The grain cohtaincd after tureshing of both meize and

sorghum Was further sir-dricd before weighin .

The weight of 1000-graing of botl, maize ood Gorghun Were
recorded only &t Sarara. (The groin yield was bulked st
Sarinake after weighing) but prior to countine &pd weighing of.

1000-grains.

3.6.13. Dry weight 8t e rvest

after sun-drying on thé field  r ~ne week, the maizc Aapd
sorghur stover were veighcd ard reécrpded. P-th ma2ize and sorghun
stover were Wweighed and recorded., Bnrth maize cnbs find s rgham
heads vere allowed to dry for threc wecks after harvest before

they were 1ter weighed and threshcde.

3.6J4. Btatistical sralysis

Duta collecteu were subjected to statisticil wnulysis as
described for the raguomized complete block design with factorial
aorrangement witn two factors by Cochran tad Cox (1967), using

the F test f'or significance,

3.,6.15. Apelysis of total grcip yicld

Tota) grain yicld has been used to evalufte miXxtures as

an alternfdtive to gross return in ronetary tcrps,
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Land EBquivalent R-tio (LoR)

The land eguivalent ratio was cstim2ted «o ratio of tioe land
rcquired by the scle cruyp to prow ce the sape yicld of the mixed

crop. The formul? used w-g& ac follows:

LR = g% - é% where

Y! = yield of maize in mixture
8! = yield of n2ize in sole crop
Y2 = yic1d of sorpghur in mixture

82 yield of sorghum in sole ecr~ps

i



CHAFTER 4

R o UITS

Bhele leaf Cover of Maize nd Scrghur 8t Sen2pu

hetol. Maize leaf ccover

At 6 weeks after sowing (w.r.s.)

Increasing plant populsation from Uh, Yhh to 66,666 plants
ha  iperecased leaf cover but not significartly (Toble 2). The
s0le crop however had sipnificfntly more maize 1-af cover theon
the mixtures while the 2:1 proportions tended to hive a high:r
leaf cover than the 1:2 proportions though the differences was
not significantly. The mixed rows had more leaf roaver thin the

alternsate rows in all the proportions.

st 8 wecks after sowing

Inercasing plant popul2tion from 44,4405 te 6o,660 plants
1'1-94-1 did not significaptly affect leaf cover of paize (Tavle 3).
The sole crop had s8i gnificantly more leaf cover tnan the mixtures
while the 2:1 proportions h2d sipnificantly nore leaf cover thon
the 132 proportionse The mixed rows hid mare 1egf cover than the

altérnate rovws although this was not s8t0tistically sipnificant.

At 11 weeks after sowing

Increasing plant popnlation from Ly, hlLly to 66,666 plints
ha-1 significantly increased Joaf cover (Table 4). The sole
crop had signific ntly higher leaf covcr than th¢ mixtures,

especially the alternatc rows. The mixed r-ws had higher lcaf
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Table 2., The effect of cropping pattern and plant populétion

on the lear ccver (%) of maize at 6§ w.4.s. Sanapy
1983.

Population 3Sole 211 1:2 221 132

Flants hﬂ-1 Maize Alternate Altorngtc Vixed row Mixed row  Nean

Ll Ly 535 303 30,3 %2 .8 323 35.9

‘66,666 58.0 35.5 22,5 352 A2 .9 29.8

Mean 55h.6 32.9 32.2 3R.8 32.6

Sk L 8D {0.05)

Popuiation 1.4y NS

Cropping pettern +2.28 6«61

Interaction +3.23 NS

WaeloSe = Weeks

Tehle 3.

after sowing

The effect nf cropping pattern ~nd plant population on

the 1leaf cover (%) of maize a8t 8 w.2.8. 4t S2marun, 1983.

Populetion 8ole 21 1:2 231 112
Plants hf-l"1 Maize slternnte Alternote VMixcd pow Vixed row Mean
Lhy, Lhby 63.0 L7e5 29.5 L9.0 3.5 Lij e
BE,E666 70.8 5143 24 .8 58.0 h3.0 B eh
Mean 66.8 Lol 27.1 5%.5 27.8

o SE L&D (0.05
Fopuldtion +2.77 NS
Cropping pattern +1). 38 12.7
Interaction 46.19 R
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Table bh. The effect of cropping pattern ane plsat populution on

the leaf cover (%) of maize at 11 w.i.s,. oamtru, 19635.

Population Socle 234 132 2:1 122

-1 . i
Plants hn Maize Altéernéte wolterndte kixed row Mixed row lean

— — - -

Ly, Llily 78.8 5840 O 6545 U8 .0 8.2
‘66,666 8L.5 60.2 33.5 62.3 € C.8 Hle3
Yean 81.6 59 .1 37.2 £%.9 6l by
SE 13D (0-.05)
Fopulation +2,05 Gt
Cropping pattern +3..20 9.4
Interaction 453 13.3

leaf cover thin the alternate mws and this was 8ignifi ant in 1:2

proportions.

at 15 weeks “Ttor sowing

Incereacing pluotl populaticn from Lh,4uly to 60,666 plants hu_1

significantly increaccd leaf cvover (Table 5). The sole crcop had
higher leaf cover than the mixtures while the 231 proportions had

more leaf cover then the 122 proportionse.

hel.2. Sorghum leaf cover

at 6 weeks after sowing

- - -1
Incregsing plant porulation fror Lu,U4Ll to 66,666 piants he
did not sipnificantly affect 1eaf cover (Table 6). "he s3nle cpap

had significently hipher scrphur leafr (over then the mixtures.
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Taple 5. The effect of cropjins pottern 8ud plint populoticon on

the leaf cover (ﬁ) of maize at 15 w.m.5. Sunaru, 1983%.

Fopulation 8ole 2:1 142 24 132

-1
Plants ha = Vaize Alternate Mlternste Mixed row Yixed row Yesn

- — -

Ly, Ll 7543 50.8 38.8 147 .0 20,2 L8 .6
66,666 86.5 63.0 32.8 6.8 50..8 58 .8
Nean 80.9 569 35.8 5403 LC.5
SE 1SD (0.05)
Fopulation .95 5¢7
Cropping pottern +%.08 S.0
Interaction .36 Lo

Table 6. The effect of cropping pattern dnu plant populaticon on

the leaf cover (%) of sorgoum 9t & W.a.s. Soparu, 1983.

Population Sole 221 132 231 1:2

-1 :
Plants ha Borgtum alternate alternfite Fixed row Mired row Yean

. e 1 e L e S — o W —— — -

' 49 .1 20,1 22.8 19.0 21 .5 26.%
P, 58 +3 21 .l 2340 20 .0 2Z.0 28.9
Vean 557 20 .8 22.9 19.5 21.8

LSE (G.05)
Populotion +1 .36 ]
Cropping pattern 2,15 6.2

Interaction +3.04 8.8



29

The 132 proportions h-od highor leaf cover than the 2:1 proportions
while theé alternate rows haa higher leaf cover then the sixed rows.
Thé interaction between cropping pa‘tern snd population was
statistically significant with inecressing plant porulistion

brinf'in? &bout incrcased lawaf cover in a1l theé five CI‘OP]'-im‘r patterns.

At 8 weeks after sod ng

4t the higher plont porul~tion of 56,666 plonts h9'1, the leaf
cover wWas not significently highcr then that at the low plant
population of L4, L4hh plants hﬂ~1 (Table 7). The s~le rroap hod
significantly higher ¥ 2f cover thon the mixturcs while the 1:2

proportions haed significantly more Lk af (over than the 2:1 pr-portion.

Table 7. The effect of cropping pattern and poant population on trne

leaf cover (%) of gorghur at 8 Wei.se. oumaru, 1965.

Population Sole 231 1:2 2:1 132

Plants ha-1 Sorghum &lterngte Altern8te Mixed row Mixcd row Mean

Ly, Ly 62.0 21.8 3945 20,8 393 367
66,666 66 .0 3Ce3 5.5 23.8 26.5 3l
Mean L4 .0 26.0 u2.5 22.3 %24

SE L3D (0.05%)
Fopulation +2 .60 NS
Croppine pattern 417 12.1

Interaction +5.90 NS
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ot 11 _weeks after sowing

Inercasing plant population from Lh,LLL to 65,666 plants ha‘1
did rot sipnificantly effcct leaf cover (Tohle 8). The sole erop
h2d sipgnificantly higher 1oaf enver thon the pixtures while the
nlterntéte aArrangérents h"'d higheér leaf (over thop the mixed rows,
The 1:2 proportions hod significantly more léaf covor than the 2:1
proportions. The interactinn between cropring rattern and populsftion
was statisticzlly signifiacant with the higher pepulation increasing
leaf cover in 2ll croppling patterns except 1:2 mixed rowe where it

was significently reduced.

st 15 wecks after sowing

Incressing pl@nt jopulation from Qlh,L4L4 to 66,666 plunts ha“1
reduced sorghum leaf cover but not significantly (Table 9). The
8016 erop had significantly higher leaf cover than the mixtures
with the 132 proportions having rore leaf cover than the 231

proportionse.

At 18 weeks after csowing

Increasing plant population froe UL, LLiLL to 66,666 plants ha'1
increased leaf cover bt not significantly (Toarle 10). There was
8 general decline in the leaf cover at 18 wecks compared with 8,
t1 and 15 weeks but the sole crop still had significantly more
sorghum l€af cover than the mixtures while the 1:2 proportions

had more leaf cover than the 2:1 proportionse.
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Table 8. The effect nf cropping pattern and plant prpulation on the

leaf cover (%) of sorghum a2t 11 w.a.s. Samaru, 1983.

Fopulation Sole 2:1 1:2 2:1 1:2
Plants ha"1 Borghun Alternate AHlternfte Mixed row Mixed row  Mean
lly p Ldgiy 80.8 25.5 L3.6 18.3 35.5 40.7
66,666 82.3 33,1 £3.5 22.5 10.8 4O.L
Mean 81 .5 29 -3 L‘-b‘oG 20.3 23 01

SE 18D (0.0%)
Population +2.02 NS
Cropping pattern +3.19 9.3
Interaction 452 13.3

Table 9., The efrect of crorping patiern 8nd plant population on

the leaf cover (%) of sorghum 8t 15 w.2.5. Saparu, 1983,

Population  Snle 237 1:2 21 192

Plants ha_1 Sorghum Altern#sate Alternate Nixed row Mixed r-w  Mean

Ly, Ly 874 3h.5 L9.0 35.5 UB.5 50.9
66,666 8743 20 .G 56 o5 - 31.Q AN U6
Mean 874 29.3 52 .8 3%.3 UG .0

Sk LoD (0.09)
Population +2.62 s
Cropping pattern AL 12.0

Interaction +5.85 NS
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Table 10, The effect of cropping pattern &nd Plant Iopulation on

the leaf cover (%) of sorghum at 18 w.¢,s. Scmaru, 1983.

Populaetion Sole 231 1:2 2:1 132

- )
Plants ha Sorghum Alternste alterna2tc Mixed row Mixed row  Mean

L, hhhy 490 28.8 25.8 20y 3543 32 .6
66,666 L13.9 29.8 39,3 2€.5 32.8 36.0
Mean Lol 29.3 32.5 26k 34.0

SE 18D (0.05)
Population *2.80 NS
Cropping pe ttern +y .02 12.8
Interaction +6.25 NS

L,.3, Total leaf cover of maize and sorphum in mixed crops

At 6 weeks after sowing

Tnereasing plant popul@tion from 4b,LULL4 to 66,566 plants ha"1
increased total 1eéaf cover but not significantly (Table 11). The
sole m2ize had higher leaf cover th&n the sole gorghum and the
mixtures except the 1:2 alternate row thongh the difference was not
significant. The alternfte arr@ngements n2d more leAf cover then

the mixed rows though the differcnce was not significant.

At 8 weeks after sowing

-1
Increasing plant ponpulation from Lb,ull to 66,666 plants ha
significantly increased leaf cover of maizge and sorghum mixed crops
at 8 weeks (Table 12), The sSnle crops had lowsr leaf cover than the

mixtures while the 2:1 proportions hsd higher leaf cower théan thc
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Table 11. The effect -f (ropping pattern and Plant Population on
the total leaf cover (%) of maize and sorghum in mixed

crops at 6 w.a.8. Soparu, 1983,

Populstion ©Sole Sole DA 112 s ]

-1 : :
Plants ha Maize Sorghum alterngte «ltornste Mixed row Fixou row Mean

Ly, Lyl 5345 49 .1 50.4 5%.6 51.8 53.8 52,0
66,666 58.0 58.3 5649 5645 58.9 54.9 5743
Mean 5547 53.8 537 55 01 53.4 54.4

SE LSD (0.05
Population +2.,19 NS
Cropping pattern + +%.78 NS
Interaction +5,36 S

Table 12. The effect ~f cropping pattern and Plant Prpulation on
the total leaf cover (%) of maize and sorghum in mixed

erops 8t 8 W.B.5. Sapdpru, 1983.

PopulBtion Sole Sole 2:1 1:2 231 1:2

Blants hB-1 Maize Sorghum alternadte sltérnate MNixed row Mixed row Mean

Uiy, 4l 63.0 62.0 69.3 69.0 69.8 7048 673
66,666 70.8 66 .0 81 .5 70.4 81 .8 7445 7h.2
Mean 6£6.9 6.0 75.4 69.7 75.8 72 .2

SE 18D (0.05)
Population .7 5.0
Cropping pattern +2.97 NS

Interaction .20 NS
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132 proportions though the differsnces Was not significant.

At 11 weeks after sowinw

Increasing plant population from UL, 44Y to 66,666 plants ha"1
significantly increased leaf cover (Table 13). The sole crope had
lower leaf cover than the mixtures while theé alterre t¢ Spra&ngements
had more leaf cover than the mixed rows though these differences were

statistically significant.

Table 13, The effect nf croppine pattern #nd Flant Population on
the total leafl cover (%) of maize and sorghum in mixed

crops at Y1 w.,a.s., Samaru, 1983.

Population Sole Sole 2: 1:2 23 132

Plants ha"'1 Maize Sorghum {Llterntite Alternéte Mixed row Mixed row Mean

Ly, Ll 78.8 80.8 83.5 Blh.l B3.5 B83.5 82.4
66,666 845 82.3 9%.3 87.0 8U4.6 91 5 8§7.2
Mean 81.6 81.5 88.4 85.7 84.0 875

Sk 15D (0.05)
Poepulation +1 .92 5.6
Cropplng pattern +3.33 NS
Interaction +he7t NS

At 15 weeks artsr sowing

Increasing plént population from 44 ,4LL4 to 66,666 plonta ha-1
significantly increased leaf cover (Taple 1L). The snle paize had

lower leaf cover than others except the 1:2 mixcd rows. The 2:1
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mixsd rows hod the highost leaf cover among the mixtures =nd the

sole¢ crops while the 1:2 mixed pows hod the lowest leaf coveér.

Table 14. The effect of crorping pottern and Plant Population on

the totsl leaf rover of maize ard sorghum in mixed

crops 8t 15 w.a.s, Saparn, 1983,

Population Sole B8nle 2:1 112 2 140

Plants ha-1 Maize Sorghum Alternate Alternate Mixed r w Mixed r-w Mean

Py 75.3 874 85.3 87.8 83.4 78.5 83.0
P2 86.5 B87.3 87.1 89.5 91 .9 825 874
Me&an 80.9 B7 .4 86.2 88.7 87.7 8C.5

S 13D (0.05)
Population +1 .54 o5
Cropping pattern +2.66 N8
Interaction +3.76 N3

L.2. Dpy Weights of Maize and Sorghum 8t Ssoméru

he2.1. Maize shoot dry weight

At B weeks after sowing

Neith€r the ipaerefse in pliant prpulation ner the ernppine
pattern had any signif icant irf luenre on the dpry weipght/pléant of
maize At Samaru (Teble 15). The dpy weight f the s~le «pnp was

however higher than that of the mixturcs.

At 11 weeks after sowing

Increasing plant populstion from hl,LhY to 66,666 plants h“-1

reduced dry weight/plant of maize but not significuntly (Table 16)
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Table 15, The effect of cropping pattern and Plant Population on
the dry weéight of m2ize leaves, stém and Sheflth at

o

H W.”.8. DSemaru, 1983.

Population 8ole 2:1 1:2 2:1 132

Plants ha Maize Alterncte Alternete Mixed row Mixed row NMeAan

Py A5 b 552 57«1 6£3.9 5L o4 59.3%
P, 5%.5 5643 H2 42 50.8 5546 5449
Mean 62.9 55.8 51 .6 574 54.9

. SE 15D
Pnpulation +4.10 NS
Cropping pettern +6.50 [
Interaction 9 .20 No

Table 16. The effect of cropping psttern und Plant rfopulation on
the dry weight (g/plant) of m2ize leaves, stem and

shealth at 11 w.a.s. Saparu, 1983.

Population Sole 231 122 231 122

-1 ) - "
Plants ha Maize A4L]lternate y1terndte Mixed row Mixed row Mean

Py 95.9 102.1 103%.8 90.8 95.8 97.7
Py 94 .2 89,5 N .6 99.1 98.7 9.6
Mean 95.0 95.8 977 95.0 Q73

- SE LsD (0.05)
Population +9.50 NS
C'ropping pettern #15.00 NS

Interaction 21 .30 NS
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_ Je2.2. vorghum shoot ary weight
L.2.2. Borghum shoot dry weight

At weeks after sowing

Neither increase in plant population nor the crorping pattern
had any signifieant influcence on the dry Weight/plant of sorghum a4t
Samaru (Teblée 17). The dry weight of the scle€ crop was lower thon
that of the mixtures with 2]1ternate rows having higher dry weight

then the mixed rows.

At 11 weeks after sowing

Increasing plent population from L4 ,LLYL tn 66,666 plants ha-1
significantly decreascd dry weight/plant nf sorghum 2t 11 w.a.s.
(Table 18). The sole crop had prroduced more dry weight than all
the mixtures e€specially the 1:2 mixed r ws which had the smallest
dry Weight produced. The 2:1 proportions had produceud & higher dry

weight/plant then the 132 proportions.

At 19 weeks 8fter soWing

Increasing plént popul@tion from UL, 4Ll to 66,666 plants ha-1
reduced dry weight/plant but not sipnificantly (Table 19). The
sole crop and the 2:1 alternate row had the hishest dry weights/
plant followed by the 1:2 mixed row, while the 1:2 alternate row

had 2 smsller dry weight th3mm®ll others:



Tabee 17.

the dry weight (g/plant) of sorghum shoot

The effect of cropring pattern and Filant Populstion on

2t 6 We8aE.,
Samaru, 1983.
Population Sole 2:1 152 5314 1:0
-1 A 3 12 . &
P] :111 1 S ha Sf“lr‘p'l am ':\' U.r_!"' 1 T.t_. s ]_ t_t;_ ]‘]’It’l'{ e T' 1X ] row } ixe fi row r ean
by Bl 17.7 2549 30.6 3.0 oL .0 2l .42
6(]’66{’ :)ﬁ.g ?‘b'(} 1 'f‘“’ ‘9-1-1» ;_)?- : 2 18
Mean 20.8 26.3 261 2142 25 .6

Fopulattion
Cropping pattern

Interaction

oL
ic 20
+35.50

1{! - \..(‘

ef'fect of

s
NS

NS

nd Plant

Table 18, The cropping pattern Population on the

(g/;_-l‘:n‘..) f sorghum shoot at 11 w.a.s. Szméaru,

dry welight

1983.

Population Snle

= _ .
P}.an'i‘-b' ha Sorghum Alternite Jternate Mixed W Mixed row  VMefin
Lh, 4y 131 .4 ¥33.5 125:0 145,2 129.6 136,
(Jr"—’f][]f’: 1 ",1 4 131,56 14 7e5 1{'-l'__‘r- 15 o2 116 .8
Mean 131.3 132.5 1215 12901 112 .4

Sk 18D (0.05)
Population +5.60 16.5
Cropping p&ttern 35.90 NS
Interaction +12.60 s
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Pable 19. The effect of cropping pattern and Plant Population on the
dry weight (g/plant) of sorghum shoot &8t 15 w.s.s. Somiru,

1983.

Population Sole 2:1 1:2 231 1:2

-1
Flants ha Surghum Alternate Alternate Mixed row Wixed row Mean

Wi Ly 285.0 290.3 215.0 260 .1 279.0 266 .7
56,666 238.0 231 .6 222.5 197.0 224L .8 202 .9
Mean 261.5 261.0 218.6 231 .0 251 .9

SE 15D (0.05)
Population 6,50 N3
Cropping pattern +26.00 NS
Interaction +36.80 N3

te3. Yield and Yield Lttribuytes of Meize and

Sorgshun

b.3.7. Yield and yield attributes of mdizs at Samaru

Plant Count

The plént count figures were lower than the target plant

popul@tion for ail treatments (Tahle 20).

Humber of Cobhs

Increasing plant population from Lh,LLL t~ 66,666 plants h8—1
significantly increcased cob number in mAize (Taple 21). In bnth
proportions, the mixed rows h&d more cobs than the alternate rows

but this was not statistically significant. The s0le crop had
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significantly more cobs thén all the mixtures whilc the 2t

proportions héd more cohs théan the 1:12 proportions.

Teble 20. The effect of cropping p2ttern snd Flant Population on

the plant count {(plant ha“1) of maize; Sameru, 1983,

Populétion Sole 2:1 142 241 1:2

Plants ha"1 Maize AMternate Alternite Mixed row Mixed roW  Mean

Lb,Lhl L2,593 27,222 12,222 27,037 WL, b4l 24, 705
66,666 61,276 yl, 48t 21,111 L, 259 20,740 37,778
Mean 51,945 3l4, 3552 16,667 35,6uL8 17,593

SB 18D (0.05)
Population +538 1561
Cropping pattern +850 2465
Interaction +202 3487

Table 21, The effect of cropping péttern and Plant Population on the

cob number (cobs ha"1) of maize, Srmaru, 1983,

Population Sole 2351 132 2:1 1:2

Plants ha_1 Maize Altern2te Alternste Yixed row Mixed row Mesn

Lhy, by u2,966 33,521 15,357 37,357 19,631 29,703
66,666 55,190 45, 7Ly 20, 742 n6,485 20,372 37,707
Mean U3g,078 29,673 18,050 L1, 7673 20,002

SE ISD (0.05)
Population #1357 3826
Cropping pattern R 6219

Interaction 13033 NS
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Taple 22. The effect of cropning pattern and Plant Populstion on

the cob yield (kg ha~1) of maize, Ssparu, 1983.

Population S3ole 23 112 2 132

-
Flants na Maize Alteprnate Alterndte Mixed row Mixed pow Maan

uh,Lhh 5L02 5167 2741 6223 3815 L670
66,666 6793 5797 7019 6700 3111 5086
Mean 6098 SUB2 2860 61464 3463

ST LS (0.05)
Fopulation 3263 NS
Cropping Fattern Iute 1207
Interaction 1589 NS

Table 23. The effect of cropring pattern &nd Plant Population on the

-"1 - i) =
grain yield (kg ha& ) of maize, Sem&ru, 1983.

Population Sole 2:1 132 231 T2

Plants ha'JI Meize Alternate #Alternate Mixed row Mixed row Meén

L, 4Ll 3926 2500 1426 2630 1537 2Lol
66,666 4223 3408 2093 3074 1667 2895
Mean LO7Y 2955 1759 28653 1602

SE LSD (0.05)
Fopulation +133 386
Cropping pattern +210 609

Interaction 1296 NS
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Table 24. The effect of eropning pattern and Plant Fopulation on the

-1
straw dry weight (kg na ) of maize, Scmaru, 19863.

Population Sole 2:1 1:2 2:1 1:2

Plants ha_1 Vaize Alternite Alternste Mixed row Mixed row Yean

L, hhly L4LO8 3760 1759 500 2000 3286
66,666 Lao8 4926 2797 U579 2778 3998
Mean UAR8e n3hL3 2278 L453%9 2389

SE LSD (0.05)
Population +222 oLy
Cropping pattern 351 1o19
Interaction +h96 NS

Table 25. The effect of cropcing pattern and Plant ropulation oOn
the 1,000~grain weight (g) of maize, Samaru, 1983,

Population Sole 231 112 231 1:2
Plants ha"1 Maize Alternite Alternate Mixed row Mixed row Mecan
L, bbl 224 216 229 248 229 230
66,666 218 210 2t 231 24 h 24i7
Mearn 221 294 222 2h0 222

SE LSD {(0.05)
Population 43,36 9.88
Cropping pattern 15.31 N3

Interaction +7.51 NS



Plant Height &t Harvest

Increasing plant porul&tion from Li,Ll4l to 66,666 plants
hl-‘-m1 increased plant height of maize though not significantly
(Table 26). The sole crop plants were taller than those of the
mixtures. There was no significant aifference dmong the mixtures,
Thé higher popul2tion increased plant height in sole crop and
132 mixture but not in the 2:1 mixtures, this interdaction being

statistically significant.

Harvest index:

Increasing plant popul2tion resulted in @n increase in ths
harvest index except in the sole crop Where increase in plent
population reduced the harvest index (Table 27). Generally the
80le crop had higher harvest index thin all the mixtures, while

the alternaté rows had highe¢r harvest index than the mixed rows.

be.3.2. Yield attributc of Sorghum at Sapary

Pla ount

The plant counts were lower th&én the target population

for all treatments (Table 28).

Nugber of heads

Increasing plant popul@tion from L4,44l to 66,666 ple2nts
!'1"1--1 increased the numbeér of sorghum heéads at Samaru by 10%
which was not statistically significant (Table 29). The sole
erop had significantly more heads théan all the mixtures except
the 132 mixed rows and the 2:1 proportions though the differences

were not statisticalljy significant.
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Table 26. The effect of cropping pattern oend Plant lopulntion on
the plunt pneight (m) of maize at harvest in meires,

Samaru, 1983,

v —

Population Sole 2121 1:2 231 1:2

Plante ha Malze Alternéte Jdlternate Mixed row Mixed row Mean

Ll bl 2.46 2,34 2.23 2.50 1.90 2.29
66,666 2.869 2.5 2.46 | 2.29 2.29 2.45
Mean 2.67 2,32 2. . 2.0 2.0

SE ISD (0.05)
Population S +0.05 NS
Cropping péttern ' +0.08 NS
Interactinn 001 0.3

Taple 27. The effect nf cropping pattern and Plant Population on

the harvegt index of maize, Samaru, 1983.

Population Sole 21 12 2:1 1:2

Plants ha“1 Maize aAlternf8te slterndte Mixed row Lixed row Mean

b, by 0.415 0.280 0.317 0245 O.26L 0. 5004
66,666 0.365 0.318 0.360 B.273 0.283% 0.320
Mean 0.390 0.299 0.238 0.256 0O.274
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Table 28. The effect of cropping pettern and Poant Fopuladtion on

-1
the plant count (plante ha ) of sorghum, Semdru, 1983,

Population Sole 2:1 132 231 1:2

Plants ha_‘1 Sorghum Alternste A\lterndte Vixed row Mixed row MNean

L, bbb 44,259 12,778 28,1148 12,963 27,037 25,037
66,666 55,000 20,926 36,482 18,333 38,748 33,778
Mean 49,630 16,852 32,316 15,648 32,593

SE 1SD {0.05)
Population ' +273 7,923
Cropping pattern +4L32 12,525
Interaction | - a6t0 NS

Table 29. The effect of crop, ing pattern and FPlant ropulaticon on
' -
the number of heads (heads ha ) of sorghum, S&maru,

1983.

Population  8ole 23 142 211 132

Plants ha-1EBorghum Alternate Altern2te Mixed row Mixed row Mefn

Wi, Ly 30,002 12,960 20,7U2 12,223 21,483 19,483
66,666 36,670 12,779 22,409 12,779 22,594 21,446
Mean 33,336 12,874 21,576 12,501 22,039

| 8 18D (0.05)
Population +2,5L8 NS

Cropping pattern +1,028 11689

Interaction . 15,695 NS
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Head weight

Increasing pl&ént population from 44,444 to 66,666 plaénts
ha”1 increased head weight of sorghium but not significantly
(Table 30). The sole sorghum had significantly heavier hcads
than 211 the mixtures except the 1:;2 alternste row. The
alternate rows h9d nhe€avier hezds than the nixed rows while the

1:2 slternate row hed heaviecr heads theon 211 the three mixtures

especially the 2:1 mixecd rows,

Grain yjeld

Increasing plant population from LL,44ly to 66,666 plants
ha~  increased grain yield but n-t significant (Table 31).
There were n» significant differences among cropping patterns
but theé sole crop yi€lded more than a1l the mixtruées while the
2:1 alternate row outyielued all the other mixtures especially

the 2:1 mixed rows,

Straw _dry weight

Increasing plant popul&tion from Ll4,LU4l4 to 66,666 plants
ha'1 increased straw dry Weight but not eignificantly (Tsble 32),
The sole crop gave significantly higher Straw Weight th3n 811
the mixtures while the 1:2 proportions gavc significently higher
straw dry weight than the¢ 2:1 proportions especially the 2:1

mixed rows.

1,000-grain weight
Increasing plant population from LL,LL4Y4 to 66,666 plants
ha-1 decreased 1,000~grain weight though n-t significantly

(Table 33). Diffurences between the crHpping patterns were also
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Table 30. The effect of cropring pattern and Plant Populatinn on

the dry weight (kg h3-1) »f sorghum heads, Samparu, 1983.

Population Sole 2:1 132 2:1 1312

FPlants ha-1 Sorghum Alterpnate slernate Mixed row Mixed row Mean

Lh,LLy 220U 685 1289 U5 To7h 1359
66,666 237N TG 1256 815 963 1378
Mean 2288 1066 1593 880 1019

SE 18D (0.05)
Population +186 NS
Cropping pattern +293 850
Interaction iy NS

Table 31, The effect of cropping pattern »nd FPlant Fopulation on
the grain yield (kg ha-1) of sorghum, Samaru, 1983.

Poprulation Sole 2:1 432 231 1:2

Plants ha_1 Sorghum Alternate Alternate Mixed rw Mixed rw Mean

L, LLy 806 585 535 661 706 659
66,666 1006 763 584 402 561 663
Mean 906 674 559 537 634

SE LoD (0.05)
Population + 92 NS
Cropring pattern Huy NS

Interaction +204L NS
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Tapble 32, The cffect of cropring pattern and Fisnt Prpulation on
the straw dry weight (kg ha-1) ~f sorghum, 3amfaru, 1983.

o
-

Y

Population dole 23 1:2 21 1:2

-1 \ _ .
Plants ha Sorghum Alternéte altcrnate kixed row kixed row Mean

-

Wl Lihyly 8167 2648 5371 2689 5037 L8323
66,666 9705 3371 51t2 2408 5056 5230
Mean . 8936 3260 5241 26L8 - 50u6

| 8E LSD
Fopnl&ation J Ll ne
Cropping pﬂttefn ' +70L 2040
Interaction 4993 NS

Table 33. The effect of croprine pattern and Plant Populatiogson

- ancw

the 1,000-grain weight (g) of sorghum, Samaru, 1983.

Papulation Sole 211 112 2119 1:2

Plants h3*1 Sorghum Alterniate Hlternate Mixed r~w Mixed r-w Mein

bl il 28.4 31,2 29.9 37.5 29.3 3.3
66,666 30.4 31.2 26,2 21 a1 30.8 3640
Mean 29,2 3.2 28,7 e 301

85 LSD (0.05)
Population | ': # .96 N3
Cropping pottern *3.09 N3

Interaction +41.38 NB
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not statistically significant though theé sole crop had a lower

1000~-grain weipht than most of the mixtures.

Plant height

Inereasing plant populntion from LL,LbLl tn 66,666 plants
ha-1 decreased plant heipht bhut not signifirently (Table 34).
'I'he sole crop was t8ller than "11 th f‘-in'_lr't.S, wi:ile the IR

proportion had taller plants than the 2:1 groportions.

Haryest index

Increasing plaat populstion from L44,LLL to 66,666 plents
ha-1 decrecased harvest index of sorghum (Table 35). The scle
sorghur’ had & lower horvest index thau all the mixtures while the
231 proportions ho¢ the highest hérvest index, espceislly the 2:1

alternate row,

L.4e Total Yield of Grain snd Dry Matter in Maize

Maize and Sorghur Mixed Crops 2t Samaru

4eho. Total greipn viecld

Increasing plant vopulation from LuL,LLl tn 66,666 plants
ha-1 increased the total pgrain rield of maize and sarghum
significantly (Table 36). The 2:1 proportions gave significantly
higher total grain yield than the 1:2 proportions while the
alternate rows yielded more grains than the mixed rows in

corresponding proportions.

The sole crop maize gave pore grain thén the grainp of

maize and sorghum in .iXtures combined while the sole sorghum

gave less grain th@n the combined total grain of the mixtures.
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Table 36. The effect of cropping psttern =nd Plant Population on
the total grain yield (kg ha"1) of maize and sorghum in

mixed crops at Somaru, 1983.

—— - - - ——— —— -

Population 221 132 231 1:2

-1
Plants ha Alternate  Alternate Yixex row  Mixed row  Meon
Ly, Ll 3085 1961 3291 2213 2615
66,666 w7 2677 3476 2228 31 38
Vean 3628 2312 338L 2 36

5L 15L (0.05)

Population *344.50 290.5
Cropping pattern 4190,00 .552.0
Interaction *269.11 NS

Le4.2. Total dry patter

Increasing plent populstion from 44,444 to 66,666 plante ha
increase total dry matter of maize =nd sorghum in mixed crops at
8smaru but not significently (Table 37). The 2:1 proportions but

the 2:1 mixed had the highest total dry weight though all the

differences were not statistic~1lly simmificent,

L.b4.3. JER “or graip yield at Sap-mu

Incresse in plant porulatinn from UL4,44l4 to (6,666 plants hG_1
increased the 1and eQuivalent ratio (IR) for prain yield at Samern

though n~t significantly (Table 38). The 2:1 proportions had higher

IR than the 1:2 proportions. The =lterncte rows h2d higher 1 41 than

the mixed rows in the 2:1 proportions while the mixed rows had
highér ILR in the 132 proportions in the alternate rows (bused on

the mean of the sole crop yield),
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Table 37. The effect of cropping pattern and ¥Flant kopul .tion on

in mixed crops at Saparu, 1983.

the total dry matter yield (ke ha_i) of maize sorghum

Fopulation 2:1 122 2:1 % 22
Plants h&"1 Alternate Alternate Mixed row Mixed row Mean
Lb, Ly 12,247 1M, 75 15,152 11,910 12,765
66,666 16,021 12,210 15,707 11,896 13,959
Mean 14,134 11,979 15,430 11,905

SE ISD (0.05)
Population +#622.70 NS
Cropring pattern +889.69 NS
Interaction Ha2u5.48 rS
Table 38. The €fr'ect of cropring pattern ard llant ropulation

on the land eguivalent ratio (IzR) for grain yield

of mai:.e anu sorghum in mixeu crops at Sanuru, 1983.

. e ———— .-

Population 2:1 1:2 231 132

Flants ha-1 Alternate alternste Kixed row Mixed row Nean
Ly, Lldy 1.04 0.94 137 1.6 113
66,666 1.68 1.42 1.2 1.04 1.28
Mean 1.36 1.06 1.29 ¥.10

— SE I8D (0.05)

Fopulation +0.08 NS

Croppine pattern *0.12 NS

Interaction +0.16 NS
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4.5, Yield apd Yield ittrihute nf Naize

and Sorghur in Mixed rp ps_at Sapinalka

hes.1. ield and yield 8ttributes ~f maize

Rt —— e —

P — T

The plant count wias found t0 bhe affectsuw by voth population

and cropping pattern ws per treatncnt (Table 39).

Cob_number

Increasing plant population from Lh,4hly to 66,066 plints
ha-1 significantly increased cob numbeér in maize (Table LO).
The sole crop had significantly morc cobs thén the 1:i2
proportions, while differences between the sole and the 231

proportions was not statistically significeant.

Table 39. The effect »f cropping pattern &nd Plant Popplation

on the plant count (plants ha™ ') af roize, Sapinaka,

1983.

Population Sole 2:1 o~ 12 2:1 122

Plants ha MaiZe Alternate Alternate Vixed rwwIMixed r-w  Mean
L iy 45,964 28,23 13,888 28.780 12,,26 25,838
56,666 6C,664 39,286 22,201 35,927 16,364 35,087
Mean 53,264 33,759 14,045 33,851 15,395

SE LsD (0.05
Fopulation : +872 2,530
Cropping pattern 1138 3,999

Interaction : #o4 . NB



55

T2ble 4O, The effect of cropying pa@tturn and Flapt Iopulstion on

the cob number (ccobs h&"1) of paize Saminska 1983,

.

Populaticon Sole 2:1 12 2 122

Flanta h&*1 Maize Hlternmte Alternste Yixed row  ¥Vixed row  Mesn

Mb,lllﬂ-l 3&9“39 27931 3 17;9:*,2'1 269953 1 9918 20’829
66,566 43,945 33,804 11,709 38,921 20,200 20,716
¥ean - 39,%82  30,5%9 14,115 32,937 12,059 "
| SE 15D (0.05)
Fopulatlon +230 6,674
Cropping pattern : 364 10,555
Interaction - iy b
Graipn yield
.1

Increasing plant population from Lb, 444 to 65,666 plants ha

gid not affect the grain yiseld of maize significantly &t Saninaka
(Table U1). The sole crop yielded significantly more than the 132

proportions, but not significantly more than the 2i% proportions.

Straw dry weight

Increasing plant populstion from Lh,LUL to 455,656 plents ha'1
significantly increased straw dry weight. The snle crop produced
significantly more straw than did 21l the mixtures. The 2:1
proportione gave significantly higher straw weicht thanp the 1:2
proportions (Table 42). The mixed r-ws gave higher straw weight

tharn the alternate rows, though this diffeérence wag n-t
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Plant heignt

Increasing plint populétion from Lh,4L4h4 to 65,666 pluvnts hu—1
decrcased plant heéight et Sopinsk but not significantily (Tuble
43). The 21 proportions h&d genurally tzller plénts than sll
other including the solc crop but the cifferencss were not

statisticrlly significont.
Harvest index

e -1
Inereasing rl2nt populetion from LL,LWLL to 56,666 plonts ha
decrcased harvest index of reize (Table L4b). The e~le erop had
the highert harvest index while 2:1 proportions had higher

hérvest index than the 1:2 proportione.

LeHe2. Yigld sttribute ~f sorghum

P)&nt count

The plant count were lo.er than the target population for ull

treat: ents (Table 45).

3 -1
Increasing plant population from 44,LLY4 to 66,566 plints h&
incrcased sorghum head nurher significantly st Saminoka (Tabile
46). The sole crop produccd rignificently more h <ds than did

any of the mizxtures while the 1:2 proportions hed gipnificantly

more hesds th8n the 2:1 proportions.
Gra ield

Increasing plint population from L, Lhl t~ 66,666 plants
ha | deercascd 30rghum prain yicld at Lapinaks though not
significantly (T=blc 47). The snlc ernp gove higher grain yield
than 21} the mixtures but thure was pno siynificsnt effect of

cropring pattern.



Table 43. The effcect of cropring ptttern ard Pl-nt Populstion
on the plant height (n) of m8isc =t horvest in mcturs,

Sarrin-’:?kﬂ 9 1983 a

TFopulation B8mle 244 112 231 112

- - ] ,
EFlants ha Maizs Alternste Alternate FMixed r~W IMixed r~w  Ifean

—— e

Iy, Libily 1.79 1,8y 1.58 1.7 1,72 1,73
66, 666 1.61 1.75 1.61 1.73 1.64 1,66
Mcan 1.70 . 1.80 1.60 1.7, 1.67

T SE lou {0.05)

Yopulstion ' +0.04 N

Crop. ing pattirn +0.06 NG

Interaction +0.08 - NS

Tahle L. The effeet of cropping pétteru and Plent pPopulation
on the harveet index of malze, Saminakes, 1963.

[T -

Population Hols 2:1 1:2 221 1:2

- _1 L] L] -
Plants ha Mrize Alternate Altornote Pixed pov Mixed row Vean

hiy, bl Q.12 0.584 0.337 Ca. 27k 0.5%521 0.7%66
67,666 0,352 0.364 Y. 295 CvhU5 0.316  0.235
Mean 0.382 Q.374 0.316 - GL.359 0.%18
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Table 45. The offect of crorpinp prttern ond ¥Flont Populetion

-1
on thi plant ecount (plcnts h& ) of sorghur, Somin<ks,
1983.
Fopulation §gie 2:1 1:2 221 1:2

-1 . .
Plants ha Sorchur “ternte ternste Yixed rw Fixed raw Vean

Wy bl Lo,7u8 13,156 2, 759 11,968 22,201 22,568
66,666 50,798 17,724 27,0uly 17,450 38,555 3C,314
Mean L5,773 15,440 25,902 14,709 30,378

St Lol (0.05)
Population +,257 2,647
Cropring pattern 41,988 54769
Interaction 2,810 ND

Table U46s The effecet of crouriry rattern ~nd Fiant Yopul~tion on

: : ) : -1 s
the€ sorghun hoead number (h;,"(-n ha ), Laminfkae, 1083,

e - - ——r

Popul2tion Snle 2:1 132 2:1 Hizo

. - 1 " A
Flants ha Snrghum SAltern~te Sltermcte Yixed row VMixed paw Veon

Ly, Ll 32,468 12,118 22,478 13,505 19,425 19,999
66,666 uh,215 19,745 21,275 15,740 13,173 25,289
Mean 38,3424 15,931 21,877 1,523 25,299

oby Tub (0.05)
Populsation +#H145.25 33357
Cropping p&ttern +1812,.62 5260.2

Intersction +2563.4Y 7439 .1
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Table 47. The effcet of cropping rittern asrd ¥1ont Fopulation
-1
on the pradin yicldd (kp ha ) ~f sorphum, Saripaka,

1963 .

Poyulation <ol 231 1:2 el N:2

-1
Flints ha Sorgihwur. olturnite «ltcrnstc kixed row bixeu row  Mean

—— -—

Ly, 4l 1553 @23 1165 858 1046 1091
66,066 1188 1142 800 h86 1096 982
Mcan 1370 9¢&53 942 776 1071

' s 15 (0.05)
Populitinn +124 s
Cropping pattern +196 NS
Interaction +278 s

Strow dry weirht

Increasing plant ropulation fropx LL, 4Ll to §6,666 rl-nte
h“-1 did not significrntly affeet strow dry weight of sorghum -t
Serinak” (Table LB). The srlc rrop pave Sipnifis “ntly mero
straw th2n 811 the mixtures while the 1:2 praportions gave morc
strew than the¢ 2:1 proportions but sipnifi. antly rore only in

the mixed rows.

Plont height

Incruasing pleént pojulstion from 44,444 to bb,50{6 plents hu"1
did not affecet rlint height of sorghum significuntly -t Sandinaka
(T7ble 49). The mixed rows eénd the 8o0le crop tenucw to hive
ta2llcr plants thuan in alteriucic rows but the diffurcrnces wers

not statisticnlly sipnificant.
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Table 48, The effect of creopiring pattern ~ac Plent Popul~tion
-1
on the #traw dry weipght (kg ho ) T gorghum. Sﬂmin”kﬁ'

1983.

———— - — -

Populttion Snle 251 152 2z 1:2

-1 -
Fl nts h" Snrrhum tlternfte Jdtern te Vived row Mixed rAWw Mean

b, iy 6395 212y LOGS 2197 h020 3759
66,656 7172 292 3289 2056 o33 L075
Keon 6764 252N 3677 2125 Wh77

- - B 15D (0.05)

Enpul:ticn 2u2 18

Cropping pottern 445 1164

Inturcetion +630 3

Table 49. The effect of cropping pottern “nd Plant Lopulstion
on th¢ pl-nt height (m) of sorghwn ¢t harvest (m),

Somineko, 1983,

Porualntion 8~1c 2:1 1:2 211 122

Plonts hﬂ-1 Sorghum Hlternate Altorn®te Yixed row ¥ixed row ¥Foon

S e e mer e e wm— — ——— —

W, lyly 1.80 1.48 1.6% 1.£0 1.64 1.65
66,666 1.67 1.53 1.80 Va2 1.86 172
Mern 1.74 1.5 1.67 1.76 1.75

SE TSD (0.05)
Yopul«tion +0.05 NG
Cror ine pettern +0.08 Mo

Interccetion +0.11 NS
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HAarvest index

Incrceasing plant ropul=stion rom hi,LLh to 66,666 plants
he ' gcerensoe hirvest intex (T'ble 50). The 821ce cerop hosd the
lowest horvest indux while the 231 proportion h:ua the highest
indexs. The alternfte orr-ngemernts hod genoerally higher hirvest

inuex th'n the miXceu rovws.

habs Lebe Totzl Yiclé of Griin &nd Dry *stter i
Lotzl in _ond A

yaeize ~nd Sor in Pixecd Crops at Sapin~k:

ho6.1a Tntﬂl E:P:].n Eiﬂld

Increasing plont popul=ti~n from LL,LLY to 66,666 plrnte
h’l-1 incre=scd thc total pgriin yicld of m~izc "nd sorphur
mixcd erops but not S8irnificantly ("rbre 51), The 2:1
propnrtione produced wore total ernin yicld than did the 1:2
proportions thoug the differinces botween thoem 'os not

st~tistically significeont.

The alterngte arr-nperont hed more grain yisld thon the
8§0le moizc While the sele sorphum has lower grain yicld thon

911 the mixtures ¢specially the 132 projortions.

he6e2. Total dry mottur

Increceing plant pojulstion from Li,LLkh te 66,6v6 plants
ha  increngcd total dry weipht of maiZe snu sorghum miXxed
crops nt Saninake but net significontly (Trble 52). &t
Saminnka, the mixed rowg hed nore totul dry weight then the

altern®te rows in corrcsronding yroportions.
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Tabhle 50, The effect of croppling pattern cnd Plant fbpulﬁtion on

th¢ hérvest index of gorghum, Samin~ks, 1@83«

Population S8nle 221 112 231 112

Plantsa ha“1 Sorghum Altern2te Altermate Mixed r~w Vixed rrw  VPean

bl bl 0178  0.245 0o 200 0,248 D187 0.212
66,666 0.133 0.2L6 0.178 0.222 0.167 0.189
Mean 0.155 Oa2L6 0.189 0.235

0477

Table 51. Thu sffect of cropping pattern and Plant Population on
the total grain yicld (kg hﬂﬂj) cf maize ;nd sorghum in

mixed ecrops at Saminaks, 1983.

Popuigtion 2:1 132 231 112
Plants hel"'.‘I Alternsite alternate Mixed row Mixcd row Mesan
Ly, 4l 2399 1 850 2809 1869 2232
66 , 666 3152 1623 2971 2078 2Uu56
Mean 2776 1737 2890 1o7h

S 18D (0.05)
Fopulation +198,47 NS
Crorping pattern +280.68 NS
Interaction +396.94 NS
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Table 52, The effect of crorping pattern end Plent Population
on the total dry rmetter (kg hn_1) nf maize spa

L

sorghum in mixed crops, Saminrfka, 1983.

Population 231 1:2 231 1:2

-1 !
Plants ha alternbate «alternfite Mixed row Mixed row Mean

Bl Ll 74553 759U5 8,801 8,251 8,137
66,666 10,2uL 7,367 9,830 9,818 9,315
Vean 8,899 7,656 9,316 9,035

SE LSD (0.05)
FPopulation +433.11 NS
Cropping pattern +612.52 NS
Interaction ; +866.23 NS

Increasing plént populatinn from L4, Ulily to 66,666 plants
h8'1 increased the land equivnlent rotin for grain yield ag
Sapinaka theupgh not sipnificontly (Tabic 53). The 2:1 proportinns,
as wag the casc at Ssmapru nid higher 7' R thén the 1:2 pr-oportions.
The mixed rows arrangement had higher TLR than the 2ltern2te r-ws
arrangements in the some proportion. The interaction between
cropping pattern and population was sStatistically significant
with increase in population increasing the LER for the 2:i1
alternate row and 132 mixed row it decreased in the 1:2

alterngtc rows 3nd 2:1 mixed rows.
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Tavle 53. The effcet of cropping pettern snd Plant Population
on the land equivalent ratio (TRER) for prain yield of

moize and sorphum in mixed crops, Saminska, 1983.

Population o1 12 } 211 | 412

Plants ha_1 ilterntato Alternate Mixed pow Mixed pow Mean

L, Ly G.95 1.30 1.37 - .07 1.2
66,666 1.59 0.89 1.36 Tz 125
Mean 1.27 1.00 1.37 1.12

8K LSD (0.05)
Population | 4C.07 : NS
Cropping pattern +0.10 N3

5

Interaction 4+0.14
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An attempt will be made to give possiblc explanations to

the results presentcd and answer the following Questions:

1a Was mixing of maizc and sorghum of any aderntoge?

2. Which populatien was vetter, low nr high?

3., Was altern2te raw Crpanperents8 botter than mixing
plants in the samc row?

T Which rroportion was best £ r m2ize =nd sorghum mixed

cerops?

Differences in grain yield botween s0le¢ crop m2ize snd Borghumn

The sole mé@ize yield ot Semuru Was four times hiicher thén
the yield of sorghum while at Samin2k2, the m&ize yiecld was °
approxim8tely twice the yield of the sole sorghum. The
exceptionally poor perform&nce of sorghum relative to maize
was an unusufl seasson2l effect due teo the early cessstion cof
rains, especially &t 32moru., In multif%oecationsl trifls hetween
1979 an? 1981, Fisher (1984) obtaincd mean sole crop yields

of 2182 and 1536 kg ha'1 for maize and sorghum respectively.

Adventage of Mixing

The sole cr~p maize wns clearly the highcést yiclding
cropring pattern a2t both sites in 1983, but since this was
not predictable hefore plénting time, the hest pasis »f
comparing the mixed crops is probably the expected yiclds at
the 2:1 and 1:2 proportions used in the mixed crops treatments.®
The replacement diagrams (Figures 1, 2, 3, and 4) infact use

this samc¢ principles in grophic form.
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The expected yields for 231 and 1:2 proportions (Maize
and sorghum) are shown in table 54. When this is comprrel with
the Actual grain yield of the mixed erops (Table 54), vicld
advantages of 20% and 12% were observid for the 231 altern®gte
and mixed row respectively. The Fcreent gain in crajn yield due
to mixing 8t Saminake were 25% and 30% for the 231 slterneate and
mixed row respectively while for the 1:2 prorortion, it was

=3% and 10% for the altern®te and mixed row respcctively.

Table 54. Expected yield of grain and dry matter fHor maize

and sorghum &t two sites. kg hu-1

2:1 kroportions 132 Froportion

Grain Dry matter  Grain Dry matter

yield produced yield procuced
Samaru 3018 10902 1962 11¢L8
Saminaka 2223 7913 1996 8376

The land equivAlent ratio (LER) elsc pove similar results
with the 2:1 proportions at both sites having 2 higher mixing
adyantagec with an IER averaging 1.32 as against the 1.07 for
the 1:2 proportions. <t Saparu, the altern2tc rowse h-=d a
higher TER than the mixed rows, while ot Saminaka, the 2lternfte
arrangeménts performed roorly as comparcd with the mixed
arrangeménts. Thus the LER and the c-mparison on the basis
of expected grain yield indicate c-nSistently that 2:1 mixture

was better than 1:2 at both sites and that alternate rows
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arrangement . was bhetter at Sameru while miXxed rows were
be€st at Seminaks. The difforence in the IBER were not however

stetistically significont (Table 38 and 58), The expected

Table 55. Percent change in grein yield due to mixing 2t

Samaru 4nd Saminska.

Alternate row Mixed W

2:1 1:2 2:1 1:2

Samary 20 18 12 9
Samingka 25 -3 30 10

yields of dry matter for the 2:1 and 1:2 proportion were 10902
and 110L8 kg ha-1 respectively at Semaru and 7913 and 8376 kg -
haf1 for the 2:1 and 1:2 proportions respectively, (Table B4).
The grester tota)] dry weight produced by the sole aorghum Znd
the 1:2 proportion (sorghum dorminant) can be attributed to the
long growing period of the sorghum (180 days) resulting in more
total light intercepted and thus more dry métter produced than
thé sole maize and 2:1 proportion (Maize dominant) whiech h24d 8
shorter life sran (120 days). This difference in rrowing period
contributing te more light interception can he seen in leaf
cover at 18 weeks when the mzize was Olready harvested but
sorghun was still intercepting L9% ~f the light (Tapic 10),
Similér results werc rennrted by YGnidsworthy (1969) whase

long seagon Farafara sorghum variety had 3-4 times more dry
matter th&n the short season NK 300. Stockinger (1973) and

Apon (1981) had similar results.
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The rércent g2in ip dry matter due to mixing of maizZe and
sorghum 8t Samaru were 22% and 29% in the 2:1 alternate and
mixed row respectively and 9% and 8% frr the 1:2 alternate and
mixed row respectively. °t Samin”ka theé -bservati-ns ere not
con8istent with the Sam2ru result becauBe the gains. at Saminaka
were 11% and 15% ror the 2:1 alternfte 4nd mixea rows respectively
and -3% and 12% for the 1:2 alternéte ond mixed row respectively.
Thus, mixing 8dvuntage 4t ocamsru was mosSt depenaeuat on
proportions with the 2:1 proportion having higher aixing
advantage. At Saminfka, irrespective of the proportions, the
mixed ro‘w arrangements had much ihigher mixing advantage thén

the 2lternate arrangements. This contrary observation at

Saminkaka could prob8ply be attributed to the fairly ndequate
rainfall the€re wWhich enhénced dry matteér production of the mixéd
rows wheére inter-specific competition starts earlier while at
Soparu the limited Woter «vailfble due to drought place the
mixed row trestment at a disadvantage because its carlier

inter-specific competition coupled with water shortage.

The hAarvest index ~f 8orghur was found ¢onsistently hicher
in mixtures (Table 35 and 50). While that >f maize was -~pserved
to be reduced by mixing (Teble 29 and L4). This further
explain theé sorghum gain due to mixing. S8Similar observations
was pmace by Fisher (personal communication) between 1979 to
1981 that there was no difference in maize harvest index but 2
consistent and significant increase in the harvest index of

80Pghum du€ to mixing with maize.
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P1ant population

The response of grain yield due to change in plunt
population at both sites is summfrised bhelow (Taple 56}. Lt
Samaru, all the cropring Létterns® gove higher grain yield at
higher gplant populdtion €cept for a very sméll reduction in

the 1:2 mixed rows.

Taple 56. Change in tOtﬁl grain yield due tc increase in plsnt
popul@tions for different crorping ratternc atg

Samaru znd Saminsk=z.,

Sole Sole LAl ternate row Mixed row
Maize Sorghum 2:1 112 221 1:2
Sam ary 297 200 1086 716 185 « 15
Saminake  -593 ~365 ~753 -227 162 208

The response in the alterngte row miXtures was larger than
in the sole crops. The result is important in that is occured
in @ year when sorghum yield was badly affected by arought
e¢specially 2t Samapu. ot Sanipnake, three of the mixed crops
responded positively to the increase in plant population wheresas
poth sole crops responded negatively especially thé maize so0le
crop {Table 56). Although the varistion was large ond none of
the responses were s8ignificantly different from zero, the
SBaminaka results do sugpest tha8t & higher plant population

would be apprnpriate for mixed crops than for sole crops,
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This agrees with ‘non. (1976) who sugpcsted that maize
popul2tion in the row should be 1.2L4 times that Of the sole

erop.

In these experiments, the hivher target popuiction of 66,666
plénts hn-1 which actu2lly had an average of 55,412 plants ha"1
in the mixed crops at Samaru and 58,313 plants hﬂ-1 at samingka
was better than the lower populétions. Haize-sorghum populations
of 60,000 plants ha-1 (total) can therefore, bu safely
récomménded though further research will be needed fo define

the optimum plant population more cxactlye.

Row_arrangement

In all corresponding rroportions at Smaru, the alternate
arrangemeénts hdd higher yield than the mixed row arrangements
(Tables 23 & 31). At Saminaka, it was the mixed row
arrangeménts tha8t did petter than the Alternate rows cspecially
for the 1:2 proportions both in grain and dry motter (Tebhle LA

and 7). The mixed rows nhad gen°rally higher tntal leaf

cover than the sole crors at Sapsry,

This indicetes better foliape canopy which according to
Lgherevba (1978) was the most important factor for predicting
yield productivity. The better performance was cven more

pronounced in th€ dry matter production than in the pgrain yield,

The contrary observ.tions &t Samin&k2 Wherc the mixed
rows had petter yield in 811 proportions @nd the 2:1 mixed row
at Samaru can b€ explained probably on theé basis of rainfal}.

At Saminska the rainfall was better than at Samory in 1983
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(Arpendix table A and A2). Inter-gpecific competitinn for
water probshly was more severe i» theé mixed row at Samarn than
at Saminaka puttine it at a disaddvantape Aver the alternfte row

where inter-specific competition started much later,

Cptimum proportions for maize and sorghur mix<d crops at Samaru
and Saminaka

The 2:1 proportions was clearly much bett.r thin the 1:2
proportions in terms of grain yields witn an LLR averaging 1.08
for the 1:2 proportions at Samaru (Table 38). The 2i1
alternate arpangements and highér mixing advantasge (LER 1.36)
than the mixed rows (L %R 1.29), In the 1:2 proportions, the
mixed rows had however, 8 higher mixing acvantage thén the
alternate row though theé differcnces were not large (Tanie 38).
Similerly 2t Saminz2ka tne 2:1 proportion had highér mixing
advantape With »n average 1IER of 1,32 while the 1:2 proportion
had only 1.06. Contrary tn What was oheerved at Samary
hoWever, it was th€ miXed row here that had higher and wetter
mixing adventage With sp T7R af 1,37 as apainet °n T'R af
1.27 for the 2lternate pow in the 2:1 propartions while the 1:2
mixed rows had ap IR ~f 1.12 as apaipst the IR £ 1.00

for the alternate row arranrement (Tahle 53).

The general 2nd better perform@nce at both sites for the
2:1 proportion can be attributed to the dominance of maize in
the mixture. Being fast growing, 2s eaplier noted, it had

not only €arlier leaf zrowth but @lso higheér leaf cover than
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the 1:2 proportions to intereept solar rzciation and convert

it into dry matter resulting in highér yicld of that proportion.
The poorer, lowcr and later leaf cover of the 1:2 proportions
can be seen in th€ total leaf cover at 6 and 8 weeks rceeulting

in a lower lipht interception and thus yield (Tohle 11 =sna 12),
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SUMNARY AxXD CONCLUSIQOMS

The year of thess experiments, 1983, was an usually dry
on€ With rainfall et Samaru only 6'0mm compared with ¢ 1ong
term average of 1107 mm, At Sarinaka, the rainfall wes 953mm,
compared with an averace of 1306mm. The long sefRgon (186 days)
sorghur variety used in the experiment Wwas much more serimmsly
affected then the short season {110 days) maize variety znd
thus sole maize outylelded the sole snrghum, &specially at
Sam8ru., A yield advantage from 7% to 307 relative t- snle
crops at the same ploénting proportion was arhieved by growlng
maize and sorghum in mixtures. The existanre of a yield
advantage in this very dry yesar suggests thdt thé¢ mixed
cropping system with maize anu Sorghum gives farmersS 3o0me

insurance against droughte

It was not possgiblc to get the high target plant pqpulation
of 66,666 plants ha_1 at harvest, on the¢ avcrage; thére were
55,412 and 58,313 plants hﬁf1 at Samaru and Saminakd respectively.
The better performa&nce in crop mixtures At these hieh populétion
sugpests theat 8 total plant populdtion of maize and sorghum
can safely be at least 60,600 plants hﬁ-1. Further research

is needed to determine the ortimum rlant population more

precissly.

WhijJe the alternate rew arrangement was hetter ot Sami‘lr‘ur;
the miXed rew arrangement Was hetter at Saminaka, The year

being & dry -ne especinally at Samayn, ~ne cannot rule nut the
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possibilit, of the mixed row dning equelly well =t Sam4ry 2s
was the case =2t caminaka if the rainfall had beén better in
total and in its distribution. Thus further rescarch will be
needed in order to give an authoritative recommendation oh
arrangeménts. The 2:1 (Muize:Sorghum) proportion was the
highest yiclding proportion 2t both sites irresjcctive of the
spatial arrangemcnt. It hed @ mixing suvantage of upto 30% as
ageinst the highest mixing elCvantape of 12% for the 1:2
proportions. Thus for maximum mixing advantage, the 2:@1

proportion can be recommended &t both locations.
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