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Abstract

Field experiments were conducted during the 20Q¥ 2008 cropping seasons to investigate the infleiefc
dates of planting and time of introduction of maiiz& soybean/maize intercropping system at thefiag and
Research farm of the University of Agriculture, Madti. The experiment was laid out in a split-sglibt
replicated three times with two dates of plantidigne 2% and July 2%), three periods of introductions of maize
(Simultaneous, two weeks after planting soybean fand weeks after planting soybean) and three drapp
pattern (soybean sole, maize sole and soybean/enmai@rcrop). The results obtained indicated thaizm
planted sole was significantly (p<0.01) taller thatercropped maize. There was significant reductiomaize
plant height with delayed introduction and delaygldnting. Days to 50% tasseling in maize was not
significantly affected by time of introduction ofae. There was no significant effect of date @ntihg on
vegetative or flowering parameters of maize asskesHee yield components and yield of maize decikagth
delayed maize introduction. Date of planting onidlsignificant effect (p<0.05) on 100-seeds weafhnaize.
Plant height and 50% flowering of soybean wereifigantly (p<0.05) affected by date of planting Vehthere
was no significant effect of time of introductiohroaize on any soybean parameters observed. Résditated
significant effect of cropping pattern on numbepotis/plant and grain yield. The Land Equivalentid&Ré ER)
values generally showed advantages of intercropping higher advantages were obtained from maize
introduction after two weeks of planting soybean.

Keywords; Intercropping, Dates of planting, Time of introtian, yield and yield component, Land Equivalent
ratio.

INTRODUCTION

Soybean (Glycine max (L) Merr.) is an integral cament of the traditional cropping systems of theitSern
Guinea Savanna agro ecological zone of Nigeriatdues beneficial effect on sustainability and asoarce of
nutritious food (Henrient et al., 1997). The importe of soybean is predicated on its high nutitiquality
with respect to its protein and oil. From the rigrial standpoint, it ranks high in the protein lifyandex as
ascertain by the Food and Agricultural Organizaficemger and hill, 1991).

Maize (Zea mays L.) is grown almost in all partghef country except where rainfall becomes a Imgitiactor.
Maize evolved in the country from a backyard cropl®70s to a commodity which presently, ranks third
output only to sorghum and millet in the cerealugroMaize is increasingly being acceptable as ansjurce
of food and cash income among its predominantiyiismeéder producers in Nigeria (NARP, 1994)
Intercropping legumes and non- legumes is an impbfeature of many cropping systems in the trofi¢aly,
1979; CIAT, 1986). It is said to be a principal meaf intensifying crop production and improvinguras from
small land holdings (Storck et al., 1991). Olufajed Singh (2002) reported that the productivityegfumes in
legume- cereal intercropping is low, mainly duectompetition. Ennin et al., (2002) have attributbis fow
productivity to both interspecific and intraspeciiompetition for limited resources. A number ofamgres have
been recommended for achieving increase in legpmegluctivity in intercropping among which are ,
identifying the best suitable time of sowing thempmnent crops in the intercropping (Singh and Ajeig
2002),and choice of suitable companion crop inititercropping (Olufajo,1995). Date of sowing anypers
dictated by many factors including weather, soitdiion, management and crop production systemaf§l
and Singh, 2002). IITA (1986) observed that theiohof planting date is determined by four factaramely,
the need to plant when soil condition including seinperature are favourable for good seedling gevae, the
need to provide adequate soil moisture throughmaittop growth to obtain high yield and the neetawe dry
period during maturation to obtain high seed qualind facilitate harvesting and drying. IITA (1989)
recommended proper adjustment of time of sowinggisy and plant types so as to minimize competitay
light to enhance productivity, that, the growth ihamd plant architecture must be considered whemidihg to
defer planting of any component crop, that, cragt fintroduced usually becomes more aggressive \wian
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both crops are sown simultaneously, and only wihenetis a weak competitor in a mixture is it advisao
enhance its performance by sowing it early relativéhe aggressor.

In Nigeria, soybean is chiefly grown in Benue stadea cash crop by small farm holders who usuatiyvgt in
mixture simultaneously with cereals. Records havews that the farmers have not been maximizingiprof
because of low productivity (Olufajo and Singh, 2D@Previous work on soybean/maize have addressgous
factors that influence the performance of cropseundirying population densities, varietal suitapjlicultivar
and plant arrangement amongst others (Tayo,1971aj0]|1986; Olufajo,1995). However, there is dearth
information on the influence of soybean/maize dscaéd by date of planting and time of introductafmaize,
therefore, this work was design to investigate jprvide available information.

MATERIALS AND METHODS

Field experiments were conducted during the 20Q¥ 2008 cropping seasons to investigate the inflaafc
dates of planting and time of introduction of maizea soybean/maize intercropping system at thehtag and
research farm of the University of Agriculture, Mméti (7.4PN ; 8.28E ) which falls within the Southern
Guinea Savannah agro-ecological zone of Nigeria.

The experimental design was a 2x3x3 split - q@bt laid in a randomized complete block designliceped
three times. Two dates of planting {2June and 27 July), three times of introduction (planting sogheand
maize simultaneously, maize introduced two weeter glanting soybean and maize introduced four wexter
planting soybean) and three cropping patterns ¢amybsole, maize sole and soybean intercrop with
maize).maize variety DMR-ESR-Y and soybean vari€X1448-2E were obtained from National Cereal
Research Institute sub station Gboko. Each expetahenit (plot size) measured 5mx3m with four adgf
5m long spaced 0.75m, site clearing and ridge ngakims done manually, spacing for maize sole was
recommended spacing of 0.75m x 0.5m at 2 plantstged giving a population of approximately 53, 3%&nts
per hectare. Intercrop maize was spaced 0.75mm Bt5one plant per stand using the semi additivéure as
stated by Fisher (1977) giving a population of apjpmately 26,666 plants per hectare. Spacing fgbsan was
0.75m x 0.05m at one plant per stand giving a patmri of approximately 266,666 plants per hectbteize
seeds were sown (4 seeds/hill) on the side ofitlyes and thinned to two plants per stand for antkone plant
per stand for intercrop, soybean was sown on tapefidges with the seeds drilled, which wererikihto one
plant per stand both for sole and intercrop.

Fertilizer was applied based on recommended fegtilfates for Benue State as follows- maize sole€itha,
45kgR0s and 45kgkO/ha (300kg of NPK:15:15:15/ha as first split apation and 100kg urea/ha as second
split application.)

Soybean -- 10kgN/ha, 36kgBs/ha and 20kgkO/ha (22kg of urea/ha, 200kg of SSP/ha and33kdg/MGaP).
Intercrop — 200kg/ha of NPK-15:15:15 as first spfiplication and 200kg/ha of SSP on soybean anéglba

of urea on maize as second split application (.K&993). Data collected on maize were plant heiginmber of
days to 50% tasseling and silking, number of legersplant, leaf area, number of ears per plamtdizeneter,
ear length, percent survival, percent barrennesgghtvof 100 seeds and net yield. Data collectedaybean
were — plant height, number of days to 50% flowgrimumber of primary branches, number of pods feertp
number of seeds per pod, leaf area, weight of @é@dsand net yield.

Both crops were harvested when they were fully negkland dried. All the data collected were subpbdte
analysis of variance using Genstat (version 5)ssizdl package. Land Equivalent Ratio was compakedtated
by Mead and Willey (1980). Competitive Ratio wasnputed as stated by Willey and Rao (1980)

RESULTS:

Maize — Vegetative and Flowering component

Results of mean effects and interaction effectsasious dates of planting, different times of égduction and
cropping patterns on the vegetative and floweriagpf maize are as presented in table 1. There wer
significant differences in the vegetative and flowe traits of maize for the different dates ofrglag and for
the different years. However, time of introductioh maize had significant effects on all vegetataad
flowering traits of maize. Results also showed i§icemt differences between four weeks of introdet(Ts)
and the other times of introduction,(@nd T,) for plant height (which decreased with delayetmoiduction of
maize). For days to 50% tasseling, simultaneouttipig of maize and soybeanfTand introduction of maize at
two weeks () were not significantly different but showed siigant lower values compared with introduction
of maize at four weeks ¢I. However, for days to 50% silking, two weeksimtfoduction of maize showed
higher values with no significant differences amdhg various times of introduction. Number of leseer
plant showed the same trend as days to 50% silkihgre were no significant effects of cropping g@atton
50% tasseling and silking as well as number ofdsger plant.
Cropping pattern significantly affects plant heigtitere were highly significant differences betweaaize
planted sole (CP and intercropped maize (gPfor plant height.( Maize planted sole grew talkbian
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intercropped maize). Furthermore, there were highigraction effects of time of introduction andpgping
pattern (T x CP) on plant height and number of ésaper plant. Plant height both for sole and imtgrenaize
decreased with delayed time of introduction. Howefa number of leaves per plant, maize plantdd dal not
significantly differed from intercropped maize (§P

Table; 1 Effect of planting dates, time of introdwction of maize and cropping pattern on some maize
vegetative and flowering characters in soybean-maézintercrop

plant height (cm) Days to 50% tassel Days to 5iiking  No of leaves
2007 2008 2007 2008 2007 2008 2007 2008

Date of D] 153.6 158.6 55.15 56.13 61.37 59.36 11.29 11.74
planting D 145.7 147.9 55.96 56.78 61.19 60.12 11.46 11.78
LSDo g: NS NS NS NS NS NS NS NS
Timeof T 164.7 169 55.28 55.22 60.28 60 11.61 11.36
introduct- T, 157.6 163.1 57.28 57.67 62.22 62.67 13.22 12.33
ion (T) Ts 126.7 129.3 67.06 58.56 61.33 61.44 10.2 10.19
LSDog o: 10.67 19.52 211 2.62 1.13 2.03 7.59 1.42
Cropping CR 170.2 178.3 55.78 54.56 61 61.22 11.69 11.58
pattern
cp CR 139 143.1 55.44 55.89 61.5 61.44 11.29 11.39
LSDo g: 8.57 10.47 NS NS NS NS NS NS
TxCP T xCh 175.6 183.5 11.43 11.07

T, XCP; 159.3 163.5 11.87 12

T,x CR, 170 187.2 12.37 12.47

T, x CR, 148.8 148.8 12.27 12.47

T:x CR, 165 164.2 11.27 11.2

T2 x CR 109 117 9.75 9.7
LSDo g: 15.29 21.39 0.95 1.43

D,= June 2% planting, B=July 27" planting, T=simultaneous planting of maize and soybear,Maize
introduced two weeks after planting soybeagrmaize introduced four weeks after planting soybean
CP,=maize planted sole, GP maize intercrop with soybean

Maize — yield and yield component

Results of yield and yield component of maize dsiémced by date of planting, time of introductiohmaize
and cropping pattern are as shown in table 2. Bigbdanting had significant effects (P<0.05) onty 100 — seed
weight and there was significant differences betwd® two dates of planting. (seed weight decreagéu
delayed planting). There were significant differemin the ear diameter, ear length, percent bagssnmpercent
survival, 100 — seed weight and grain yield for diféerent time of introduction of maize. The ressthowed that
these parameters (excerpt percent barrenness imciegased) decreased with delayed maize introductio
Significant differences between four weeks of mameoduction (&) and other times of introduction of maize
(T, and T) for percent survival, percent barrenness andngy&ld were also observed, while significant
differences existed between the various timestoddluction of maize for ear length and 100 — seeight.

Cropping pattern significantly affected ear diameéar length, percent survival, percent barrena@skgrain
yield. Maize sole (CB significantly differed from intercropped maizeRg for ear length, ear diameter, percent
survival and grain yield (all of which were lowar intercropped maize ) but percent barrenness aseck in
intercropping while no significant differences weasbserved for 100 — seed weight. Significant irdtoa
effects occurred between date of planting and théntroduction of maize (D x T) for ear length,rpent
survival and grain yield. Significant time of inthaction by cropping pattern (T x CP) was also obserfor
percent survival and percent barrenness. Signifisecond order interactions of the factors (D x TR)
occurred for 100 — seed weight.
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Table :2 Effects of planting dates, time of introlon of maize and cropping pattern on the gra@idyand yield
component of maize in soybean- maize intercrop.

Ear length Ear diameter Percent. percent. 100 seed weight Net yield
(cm) (cm) Barreness Survival (9) (kg/ha)
2007 2008 2007 2008 2007 2008 2007 2008 2007 20@H07 2008
Dateof D 11.8 119 3.51 3.58 229 1942 80.09 80.27 20.330.3 5.71 6.81
11.2
plantng D 11.2 9 3.41 3.46 19.5 19.7 80.32 80.02 15.33 15.33 4.9%.86
LSD.
0.0¢ NS NS NS NS NS NS NS NS NS 3.18 NS NS
13.8 132
Timeof T 9 3 3.51 3.85 10.13 11 9444 98.3 19.89 22 6.56 6.92
introduc 10.9
t T, 1 117 3.33 3.56 13.89 144 88.19 91.3 18.28 20.3%.72 4.95
10.4
ionT T3 9.69 6 3.21 3.11 39 419 57.99 50.7 15.33 18.67 401 33.0
LSD.
0.0¢ 116 1.15 0.29 0.23 8.19 1235 8.56 10.28 1.28 662. 1.04 1.01
Croppin 13.8 147
g Ch 2 4 3.75 3.95 7.3 10.1 92.36 93.8 17.72 20.11 9.76 4 9.
pattern 10.3 104
cp CR 2 2 3.24 3.22 28.9 305 7292 72.2 17.94 20.67 333 9 2
LSD.
0.0¢ 1.02 152 0.21 0.3 5.3 6.07 5.03 556 NS NS 1.331.6
13.3
DxT Dix Ty 2 98.18 6.92
Dix T, 11.7 91.32 4.95
10.4
D1 X Ts 6 50.69 4.98
14.5
D,x Ty 5 90.63 6.24
10.1
Do X T 1 65.07 55
D2 x
T3 8.93 65.28 3.03
LSD.
0.0¢ 1.67 9.91 1.43
Tl X
TxCP CPR, 5.5 6.3 93.75 99
TiX
CPh; 13.4 15 94.79 97.9
To X
CP, 6.2 6.4 93.75 94.6
Tz X
CPh; 16.6 21 84.37 89.6
T3 X
CPk, 10 17.7 89.58 87.5
T3 X
CPh; 54.6 55.6 39.58 29.2
LSD.
0.0¢ 10.46 13.14 10.5 11.3

D,= June 2% planting, B=July 27" planting, T=simultaneous planting of maize and soybear,Maize
introduced two weeks after planting soybeagxriaize introduced four weeks after planting soybean
CP,=maize planted sole, GP maize intercrop with soybean

Soybean — Vegetative and Flowering Component

Date of planting significantly affected soybeannplaeight and days to 50% flowering but had no ificant
effect on number of primary branches and leave afesoybean (Table 3). Soybean plant height deeckas
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significantly with delayed planting. Time of intraction of maize (T) had no significant effect ory aegetative
flowering traits of soybean.Leaf area and days @86Slowering of soybean were significantly affectby
cropping pattern. Generally there was an increasdeaf area and days to 50% flowering for soybean
intercropped. Meanwhile, cropping pattern showedigaificant effects on soybean plant height anchiner of
branches.

Table 3: Effects of planting dates, time of introlon of maize and cropping pattern on vegetative a
flowering characters of soybean in soybean — maizecrop

Plant height (cm) Number of branches Leaf aced ( Days to 50% flo.
2007 2008 2007 2008 2007 2008 2007 2008

Date of ) 64.29  63.74 6.1 7.4 4894 4924 3956  40.62
plantingD D 43.07 42.66 8.8 7.1 49.39 4833 40.83 41.82
LSD. o0 139 1514 NS NS Ns NS 084  0.92
Timeof T 56.08  65.16 6.5 6.02 47.45 45 4042 39.75
introduct T 52.47  65.38 6.2 597 51.73 53.05 40.04 39.25
ionT Ts 52.5  62.34 9.7 6.28 4831 4878 40.13 39.67
LSD. o0 NS NS NS NS NS NS NS
Cropping CPR 51.78  60.65 10.2 5.60 4437 431 395 38.67
patterncp  CP 55.77  65.99 6.4 6.62 52.18 54.62 40.78 40.11
LSD. o.s NS NS NS NS 489 555 094  1.12

D;= June 2% planting, B=July 27" planting, T=simultaneous planting of maize and soybean, fiaize
introduced two weeks after planting soybeagrmaize introduced four weeks after planting soybean
CP,=soybean planted sole, ¢&Pmaize intercrop with soybean

Soybean - yield and yield components

Results on yield and yield component of soybeanagreoresented in Table 4. Date of planting and tifne
introduction of maize had no significant effectsadithe parameters quantified. However, there vségaificant
effects of cropping pattern on number of pods/ptartt grain yield. Whereas for number of pods/pilhete was
no significant differences between sole plantediatetcropped.

Table 4: Effects of planting dates, time of introlon of maize and cropping pattern on grain yehd yield
component of soybean in soybean-maize intercrop
NO of pods /stand No of seeds /pod 100 seedshiveigsrain yield (kg/ha x 19

2007 2008 2007 2008 2007 2008 2007 2008
Date of ) 73.4 787  23.03 23 1242 122 1.3 1.36
plantingD D 68.1 703 23.24 23 115 118 1.29 1.24
LSD. o0 NS NS NS NS NS NS NS NS
Timeof T 67.2  67.2 233 232 1217 1267 1.19 1.13
introduct T 742 773 224 225 1179 12.25 1.27 1.29
ionT Ts 709 758 234 235 11.92 1233 1.41 1.49
LSD. o0 NS NS NS NS NS NS NS NS
Cropping CR 67.4 704 231 231 11.72 11.78 1.31 1.26
patterncp  CP 68.2 69 335 2.35 12 1267 1.12 1.04
LSD. o0 11.32 267 Ns NS NS NS 0.14 0.27
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D,= June 2% planting, B=July 27" planting, T=simultaneous planting of maize and soybear,Maize
introduced two weeks after planting soybeagxiaize introduced four weeks after planting soyb&i-
soybean planted sole, &Pmaize intercrop with soybean

Land Equivalent Ratios (LER) and Competitive Ratio(CR)

The LERs and CRs of maize/soybean intercroppingaareresented in Table 5. generally, LER valueswer
greater than unity (>1.00), however, introductidnneaize two weeks after planting produced higheSRL
values (1.30 and 1.28) excerpt in 2007 didne planting where LER was 1.12.

Highest CR value (0.66) of maize/soybean interciogppvas obtained when maize was introduced two week
after planting soybean and at 27" June planting). Generally, CR values of'2luly planting at the various
times of introduction were lower than those of Jplenting. Furthermore, CR values decreased withyee
maize introduction,

Table 5 : Land Equivalent Ratio (LER) and CompetitRatio (CR) of soybean-maize mixture as influenog
planting date, time of introduction of maize andpping pattern.
Time of introduction

Date of planting (D) T LER CR
2007 2008 2007 2008
T,(soybean/maize) 1.06 1.04 0.66 0.65
D; (27" June) T (soybean/maize) 1.12 1.28 0.56 0.59
T;(soybean/maize) 1.22 1.22 0.52 0.54
T, (soybean/maize) 1.24 1.22 0.48 0.47
D, (27" July) T, (soybean/maize) 1.3 1.28 0.43 0.44
T; (soybean/maize) 1.03 1.04 0.17 0.19

D,= June 2% planting, B=July 27" planting, T=simultaneous planting of maize and soybear,Maize
introduced two weeks after planting soybeagxriaize introduced four weeks after planting soybean

DISCUSSION

The observed reduction of plant height in maizéhwli¢layed introduction when intercropped with s@ayband
delayed planting could be as a result of reducddemt by heavy rains and poor emergence of Juiytplg.
These findings were in agreement with the reporO@ et al., (1992) that plant and ear height desed
progressively as planting was delayed. In the erurstudy, sole maize tasseled and silked at time seeriod
with intercropped maize does not agree with thentepf Ugen and Wien (1986) that sole maize tassalal
matured earlier than intercropped maize. The digit reduction in ear length and ear diameter aifzenwith
intercropping and delayed planting could be attdduto inter-specific competition and variationtte weather
conditions especially in terms of solar radiatibnmidity and temperature as the season progregses these
weather factors have a profound influence in theemn and development of maize. Similar findings énéeen
reported by Elmore and Jacobs (1984) and Enyi (1973

The much reduction in maize grain yield in intepped could be as a result of the semi additive ladipn used,
which translates to half maize population in ceteglme intercropping, in order to reduce excesshading
(Fisher, 1977). Soybean plants grown in mixtureentatler than those grown sole. These could béatéd to
the shading effect of maize on soybean. Duncah,gtl891) also observed taller plants in interctiogn mono-
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crop, and attributed the increase in height togddion of lower internodes due to shading effedhefcereal on
soybean. Days to 50% flowering in soybean was fogmitly affected by date of planting and cropppsgtern.
Pal et al., (1985) observed significant differencelowering when planting dates were varied fréfhJune to
27" July. The significant difference in soybean lesfaadue to cropping pattern could be due to limgetar
radiation the soybean received due to shading frmmmaize plant. This is consistent with the fingirof Adiku
et al., (1995) that intercropping had little or effect on cereal leaf area but had considerablaente on the
development of intercropped legume. The lower nunitfesoybean pods/plant obtained in intercrop cdagd
due to shading and competitive effect by the taitexize as reported by Dalai (1977). Yield reduction
intercrop was related to reduce number of podstdi@esause number of pods significantly influencesddy
(Akanda and Quayyaum, 1982). Grain yield in the tnaps studied was not significantly influenceddaye of
planting, However, soybean planted in July)(Rielded less than that in June {[planting. Fisher (1980) and
Pal et al., (1985) reported June as optimum plgrtime for soybean in savanna area, pointing aait dielayed
planting in some cases led to drastic yield reductMaize yield follow the same trend as for soybdéalu et
al., (1986) reported progressive yield decreastheéomagnitude of 0.5 t/ha for each mouth of delayedze
planting while Ojo et at., (1992) reported thatrpilag maize for optimum yield is in the mouth ohéuin the
Guinea savanna zone. In the current study, higlieRtand CR values were obtained from two weeksyaela
maize introduction perhaps because delayed maiedirction helped the soybean plant to withstand
competition while at the same time not significamtffecting the maize plant.

CONCLUSION

Generally, the result obtained showed yield acagatof intercropping compared with sole croppiifpe LER
values indicated that higher yield advantages wbétained from maize introduced after two weekslafpng
soybean. However, it can be concluded that in Mdikar location within the Guinea savanna agro-egiokd
zone of Nigeria, for higher yield, maize shouldibgoduced two weeks after planting soybean inrtoeith of
June or if maize is to be planted with soybeany, then simultaneous planting of maize with s@bés to be
adopted. It is however recommended that furtheestigation be conducted across different locationthe
Guinea savanna agro ecological zone of Nigeria.
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