EFFECT OF SOYBEAN POPULATION AND SPATIAL ARRANGEMEN T ON NUTRIENT UPTAKE
AND PRODUCTIVITY OF GINGER/SOYBEAN INTERCROP IN SOU TH-EASTERN NIGERIA

NWAOGU, E N., UDEALOR, A. AND ONYEMUWA, L.I.

National Root Crops Research Institute, Umudik®].B. 7006, Umuahia, Abia State, Nigeria.
E-mail. edichek_2007@yahoo.com

ABSTRACT

A field study was conducted in 2007 and 2008 crpgieasons at the research farm of the Nationalt Roops
Research Institute, Umudike, Abia State, to detegrttie effect of soybean population and spatish@gement on
the productivity of ginger/soybean intercrop in 8SolwEastern Nigeria. Treatments comprised four saybe
populations(50,000, 100,000 200,000 and 400,000ntplha) factorially = combined with three spatial
arrangements(one row of soybean to one row of gjng® rows of soybean to one row of ginger ane¢hrows of
soybean to one row of ginger. Intercropping gingéth soybean significantly reduced fresh rhizome gnain
yields of ginger and soybean respectively. Highieigbme yield was obtained by planting soybean pbpulation
of 100,000 plants/ha. One row of soybean to owe @b ginger gave not only the highest intercrop darctivity
expressed by land equivalent ratio, but also tlghést N,P,K nutrient uptake by ginger.
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INTRODUCTION

Growing one annual crop in sole stand is a restficttilization of available land and growth resasic
Intercropping crops that differ in growth habit apldenological characteristics offers a more effitiese of land
and growth resources (Kumat al, 1987). Many authors (Elenet al1990; Katunget d.2000) have reported the
advantages of intercropping over sole croppingutduide efficient utilization of growth resourceskrreduction in
production against crop failures, yield stabilitydasoil protection.

In Nigeria and particularly in Southern part ofdma State where ginger is highly grown, the mashron
practice among resource poor farmers is to interginger with an array of other field crops suchvasze, pepper,
soybean and okra (Menon, 1967). In most casedefinite crop arrangement or population is adojtetthis zone.
In Northwest zone of Nigeria, most farmers intepciginger with other field crops at a very high plapion
resulting in soil impoverishment and low yield diteacute crop competition (Dugje, 2004). Othertgricrop
ginger with other field crops at very low populatsleading to inadequate utilization of growth rgses (Delgado
and Yermanos 1975).

In any cropping system, the geometry and populaifandividual plants have an important role on grewth and
yield of the crops as they have a regulatory or memsation capacity over the resource availabif@ppal;1989).
Although intercropping soybean with ginger has besported to result in higher yield advantage dbeir sole
crop components in South east Nigeria (Nwaogu acldeBdu, 2006), there is little or no information the
optimum population and spatial arrangement of saghtdat will make for sustainable ginger productiorSouth
East Nigeria. The objectives of this study therefare:

® To determine the effects of different populatiorissoybean on the productivity of ginger/soybean
intercrop.
(ii) To determine the best crop geometry for growth dalil in ginger/soybean intercrop in the rainforest

zone of South Eastern Nigeria.

MATERIALS AND METHODS

The study was carried out at the research farrhefNational Root Crops Research Institute, Umuditea State,
Nigeria (Latitude 0529’ N; Longitude 07 33'E) during the 2007 and 2008 cropping seasohs.site used for the
study was fallowed for two years after being pldrite cassava/maize intercrop before commencemehedtudy.
The land used for the experiment was slashed, pkxaignd harrowed using a tractor. The soils ofttgerimental
site were sampled and analyzed for their physi@¥gbal characteristics using standard methods. atifrents
comprised four soybean population levels [50,000cid x 50cm), 100,000 (20cm x 50cm), 200,000 ( 16cm
50cm) and 400,000 ( 10cm x 25cm) plants/ha] inciaak combinations with three spatial arrangeméote row of
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soybean to one row of ginger, Two rows of soybamne row of ginger and three rows of soybeaoni® row of
ginger). Sole ginger and sole soybeans were atsoded for the computation of land equivalent mtio

The treatments were arranged in a randomized cdenpleck design with three replications. The gmgariety
used was Himachal Pradesh (HPL) and soybean vavetyT GX 1440-1E (early maturing variety). Ginghizome
setts (“seed” materials) weighing about 20g werefamm large, healthy and disease-free mother rhiza The
ginger rhizomes were planted at a depth of 5cmeed $eds measuring 3m x 2m. The rhizome seedssoane at
an intra-row spacing of 0.20m and inter row spaaf§.20m.

Plantings were done on2®1ay 2007 and 9 June 2008 (for ginger) and on"28une 2007 and Y6&July, 2008 (for
soybean). All the plots were mulched 2 days aftenting using 20t/ha wilte@anicum maximurgrass. Data on
percentage establishment at six weeks after plaiithAP), plant height at 20 WAP, number of leaves plant at
20 WAP, fresh rhizome yield at 32 WAP and N, P, itake at 20 WAP were collected. The data on plaiutt,
number of leaves per plant and N, P, K uptake wellected on five plants from the inner- most raineach plot.

The two year data on N, P,K uptake were pooled ateon-significant test for heterogeneity of vadas was
established (Gomez and Gomez, 1984). The harvestitite fresh rhizomes at 8 months after plantM@\P) was
done with digging fork.

Laboratory Analyses

Determinations of the relevant physico-chemicalpprties of the soil of the experimental fields weralertaken
before the trial using standard methods as repdryeSioil Science Society of America (1996). Theedmined soil
characteristics included total nitrogen (N); avaléaphosphorus (P); exchangeable potassium (Kdiwral(Ca) and
magnessium (Mg); pH; soil organic matter (OM); aexture.

Data analysis

The data were analyzed statistically using analyfisariance (ANOVA) and treatment means were caeghaising
the Least Significant Difference at 5% level of lpability according to the method reported by Goraed Gomez,
(1984).

RESULTS AND DISCUSSION

Physico-chemical Properties of Soil Used

General nutrient status of the soil used for theytvas low as expressed through low levels of @icgmatter, total
nitrogen and exchangeable calcium, magnesium atasgiam (Table 1). The soil was therefore, of lentility

according to soil fertility classification for gieg production in South East Nigeria (Njoku et aB91).

Table 1: Selected physico-chemical properties obis of the study area before commencement of trigl

N P K Ca Mg pH OM Texture
(%)  (mg/k) .....cmak........ (%)

2007 0.11 11.20 0.14 180 1.46.8 150 Sandyloam

2008 0.16 8.10 0.22 120 0.26.5 1.20 Sandy loam

Effect on Ginger Plant Height, Tillering Capacity and Number of Leaves

The number of tillers per plant was greater in gingntercropped with soybean than in sole-cropgiader. Tiller
formation increased significantly with increasiraylsean population and the highest number of tilkeais recorded
at a soybean population level of 100,000 plants/ha.

Inclusion of soybean in ginger production systesulied in a progressive reduction in ginger plagight relative
to sole-cropped ginger (Table 2). The reductiorgiimger height may be attributed to increased iated intra
specific competition for space, soil moisture, s and light. At a high soybean population dgnsf 400,000
plants/ha, ginger plant height reduced by 39 %0@72and 33 % in 2008 contrary to expectation aedé¢iports of
other scientists (Azraf-Ul-Haq et al., 2007). Itgenerally known that intercropping of field croparticularly at
high population density increases plant height thuetiolation resulting from competition for liglamong the
intercropped species (Egbe and adeyemo, 2006).
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In general, ginger plant height response to soyle@ncrop was better in 2007 than in 2008. Taljieiger plants
were produced in 2007 across all soybean populdgiosls tested compared to 2008.  Across the $oybean
population levels evaluated, best performancerimgeof tiller development, plant height and numbkleaves per
ginger plant was recorded at 100,000 soybean ppanthectare which also produced statistically lsimumber of
tillers compared to 200,000 and 400,000 plants/ha.

Soybean spatial arrangement also significantlyctgfe tiller development in ginger. Tiller formatiamcreased as
the number of soybean rows to one row of gingereased. An opposite trend was however, recordeu plant

height and number of leaves (Table 3).

Effect on Soybean Pod, Seed and Number of Leaves

Intercropping ginger with soybean resulted in ani$igant reduction in weight of soybean pod pempleelative to
sole soybean (Table 2). At a high soybean populdéeel of 400,000plants/ha, the reduction wasigk hs 49%
(in 2007) and 48 %( in 2008). The reduction in pagEight may be attributed to increased intra-specdéimpetition
for light and nutrients between the two intercrapppspecies. Similarly, soybean spatial arrangemksat bad a
significant effect on the weight of soybean podsdpiced per plant. Heavier pods were produced imtigerow of
ginger: one row of soybean arrangement than imther spatial arrangements studied (Table 2).

As soybean population increased, the number ofesnylseeds produced per pod decreased. The higimbenof
seeds per pod was recorded with three rows of soyte one row of ginger. Both soybean populatioth spatial
arrangement significantly affected the number ghsan leaves per plant. Number of soybean leaveplpet was
significantly higher under intercrop than in satespped situations. Highest mean number of soylssares of 33.4
(in 2007) and 48.6 (in 2008) was recorded at 10D $fybean plants /ha. Three rows of soybean torameof

ginger arrangement gave the highest mean numtsytiean leaves per plant with 29.4 and 38.5 in 20072008
respectively (Table 3).

Table 2. Effects of Soybean Population and Spatighrrangement on Yield Parameters of Ginger in a
Ginger/Soybean Intercrop at Umudike

No. of tillers/plant  Ginger plant height (cm) No. of leaves/plant

Treatment 2007 2008 2007 2008 2007 2008
Soybean

Population

Ginger sole 9.2 8.6 53.3 47.2 12.0 12.4
50,000plts/ha 11.3 9.4 44.8 41.8 14.1 741
100,000plts/ha 16.4 13.9 47.9 40.4 16.8 18.9
200,000plts/ha 15.7 12.7 38.9 36.3 13.3 17.6
400,000plts/ha 13.6 12.8 38.6 31.6 14.7 16.6
Mean 13.2 115 44.7 39.5 14.2 16.6
LSD(0.05) 3.71 3.99 9.48 5.04 4.49 72.5
Soybean

Arrangement

11 11.4 9.2 46.3 44.6 18.4 16.7
2:1 135 11.2 33.1 38.7 10.9 12.4
31 14.9 134 30.6 36.4 12.3 12.1
Mean 13.27 11.27 36.67 39.90 13.87 3.7
LSD (0.05) 1.50 1.80 6.73 3.51 NS NS
Pop x NS NS 7.8 6.4 2.6 2.7
Arrangement:
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Table 3. Effects of Soybean Population and Spatighrrangement on Yield Parameters of Soybean in a
Ginger/Soybean Intercrop at Umudike

Wt.of pod/plant No. of seeds/pod No tfaves/ plant
(gm/plant)

Treatment 2007 2008 2007 2008 2007 2008
Soybean
Population
Soybean sole 14.1 13.9 22.1 19.4 28.1 32.1
50,000plts/ha 8.5 10.2 23.2 21.4 28.1 31.7
100,000plts/ha 12.3 12.7 20.9 18.8 334 48.6
200,000plts/ha 7.8 8.9 19.1 15.9 30.1 33.9
400,000plts/ha 7.2 7.3 16.7 14.0 30.0 36.0
Mean 9.98 10.6 20.4 17.9 29.94 36.46
LSD(0.05) 2.08 2.20 2.65 3.02 2.16 6.89
Soybean
Arrang ement
11 10.6 11.8 18.1 15.6 21.7 18.4
2:1 8.1 9.5 185 16.6 28.6 31.7
31 8.2 8.1 234 20.4 29.4 38.5
Mean 8.97 9.8 20.0 17.53 26.57 29.53
LSD (0.05) 1.07 1.59 2.27 2.06 3.3 8.61

Effect on Fresh Ginger Rhizome Yield

Ginger rhizome yield was not significantly (P= O.@Bfected by soybean population in both yearsz&nk yield
significantly decreased as the number of soybeantooone row of ginger was increased by one in 2807 and
2008 (Table 4). Averaged across the four soybegmulption levels evaluated the highest mean rhizgielel of
12t/ha was recorded with 100,000 soybean standsrtthe two years of study and this figure was statistically
different from the yield figures obtained from thele ginger crop yield within the period. The haghintercrop
rhizome yields of 11.6t/ha and 11.8t/ha were olethiwith 1:1 ginger: soybean row arrangement in 280F 2008
respectively.

Table 4. Effect of Soybean Population and Spati@rrangement on the Fresh Rhizome Yield
of Ginger in a Ginger/Soybean Intercrop at Umudike
2007 2008
Soybean Fresh Rhizome Yield (t/ha) Fresh Rhizome Yield (t/ha)
Population Soybean Arrangement Soybean Arrangement
(Plants/ha) 1.1 21 31 Mean 1.1 21 31 Mean
50,000 11.1 93 8.9 9.8 122 88 81 97
100,000 13.3 124 104 120 12.7 113 122 121
11.7 102 9.6 10.5 10.6 106 9.4 10.2
200,000 10.1 89 97 9.6 11.7 93 89 100
400,000 11.6 102 9.7 10.5 11.8 100 9.7 105
Mean - - - 15.6 - - - 13.3
Ginger Sole
LSD (0.05): = NS = NS
Population =0.71 =0.74
Arrangement
Population X
Arrangement = NS =NS

The decrease in rhizome yields at soybean populdgieel greater than 100,000 plants/ha is attribhutepossible
reduction in light interception due to shading effby the soybean crops. The better intercrop yweldormance
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recorded with 100,000 soybean plants/ha is beli¢odzk as a result of microclimate modificationthg soybean
crops in terms of provision of minimal amount o&ding and possible nutrient fixation especially Nickh Njoku et
al, (1995) identified as the most critical elemémtbetter field performance of the crop in thepios. Application
of soybean at population greater than 100,000 pldnat may have caused excessive shading resuttiatiolation
and yield depression. Ginger is known to do weklimenvironment having not more than 21 % shadfeydbai et
al., 2001).

Effect on Soybean Grain Yield

Soybean grain yield was not significantly influedcey soybean population (Table 5). Grain yield oftsean
increased with increase in the number of rows gbean to one row of ginger. There is bound to bénareased
nodulation with increase in soybean population #rsl may have accounted for the increase in gratd ywhen
more number of soybean rows was used (Table 5).

Table 4. Effects of Soybean Population and Spati#drrangement on the Grain Yield of Soybean in a
Ginger/Soybean intercrop at Umudike

2007 2008
Soybean Soybean Grain Yield (t/ha) Soybean Grain Yield (t/ha
Population Soybean Arrangement Soybean Arrangement
(Plants/ha) 1:1 21 3:1 Mean 1:1 21 31 mean
50,000 1.2 1.0 14 1.2 0.9 10 11 1.0
100,000 13 1.7 1.7 1.6 11 12 16 1.3
200,000 1.2 14 18 15 0.8 09 12 1.0
400,000 1.3 15 1.8 15 1.2 0.8 0.9 1.0
Mean 13 14 1.7 - 1.0 09 12 -
Soybean Sole - - - 2.3 - - - 2.1
LSD (0.05)
Population = NS = NS
Arrangement
Population X = 0.22 = 0.26
Arrangement = NS = NS

Effect on Crop Productivity

The land equivalent ratio (LER) (used as an indgxroductivity) showed that all the intercrop mistg were better
than growing each of the component crops sole €r&pl This indicates that the component crops wenepatible
and mixtures more productive than sole crops.

Soybean population significantly affected the prithity of the intercrop mixtures. Intercroppingnger with
soybean planted at 100,000 plants/ha was the modtigtive with LER of 1.45 in 2007 and 1.51 in 2008

The higher productivity obtained when ginger wasricropped with soybean relative to sole croppigttributed
to increased nitrogen use efficiency by ginger fritve atmospheric N fixed by the soybean crop (Nwaagd
Echendu, 2006). Njoku and Ohiri (1988) identifieitragen as the most critical element for gingerldfie
performance. Another reason may be due to shadiegteBecause ginger is a relatively shade-lovpignt
(Meerabai et al., 2001), the inclusion of soybeathe system provided some measure of shade tipetchtihe plant
to perform better under intercrop situations.
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Table 6. Land Equivalent Ratio of Ginger/Soybeanrtercrop as Affected by Soybean Population and
Spatial Arrangement at Umudike

2007 2008
Soybean Land Equivalent Ratio Land Equivalent Ratio
Population Soybean Arrangement Soybean Arrangement
(plant/ha) 11 2:1 3:1 Mean 1:1 21 311  Mean
50,000 123 121 1.40 1.28 135 134 133 1.34
100,000 142 153 1.39 1.45 148 142 1.68 1.51
200,000 127 1.08 1.22 1.19 1.18 1.23 1.28 1.23
400,000 121 135 1.40 1.32 145 1.08 1.10 1.21
Mean 128 129 1.35 1.37 127 1.35
Ginger - - - 1.00 - - - 1.00
LSD(0.05):
Population = 011 = 0.12
Arrangement = NS
Population X = NS = NS
Arrangement

= NS

Effect on NPK Nutrient Uptake

Soybean population and spatial arrangement sigmifig affected soil N and P uptake of the gingeylean
mixture .Inclusion of soybean in the system stirtadaa significant increase in the uptake of sodnd P by ginger
crop (Table 7). At each of the incremental levdlsaybean population evaluated, there was a rerhkrkacrease
in the amount of soil N and P taken up by the ortggped ginger relative to the sole-cropped gingeeraged over
the two years of experimentation, the increase mmpkake of the intercropped ginger over the sotgped ginger
ranged from 73.0 to as high as 193.0 %. Soybeancirps population of 200,000 plants /ha resulteahdore N and
P uptake of 193 and 88.5% respectively over the gimiger (Table 7).

Table 7. Effect of Soybean Population and Spatial ®angement on N,P,K Uptake of Ginger in a
Ginger/Soybean Intercrop at Umudike (Average of 20D and 2008 Cropping Seasons)

Soybean Spatial Arrangement
Nutrient uptake (%)

Soybean
population N P K
(plants/ha)

1:1 2:1 331 Mean 111 12: 311 Mean 11 2.1 3:1Mean
50,000 3.6 2.7 2.2 2.8 4.1 3.3 2.4 3.3 1.6 1.3 1.2.4
100,000 3.8 2.1 1.8 2.6 4.7 3.6 2.8 3.7 1.8 2.1 1.6.8
200,000 5.2 4.3 3.7 4.4 5.6 4.8 4.4 4.9 2.3 2.2 1.3.9
400,000 4.2 3.6 2.4 3.6 5.1 3.1 1.7 3.3 1.2 1.6 1.4.4
Ginger Sole - - - 15 - - - 2.6 - - - 2.0
Mean 4.2 3.2 25 - 4.9 3.7 2.8 - 1.7 1.8 1.4 -
LSD (0.05): N P K
Population = 1.31 1.26 NS
Arrangement = 0.68 0.34 NS
Pop. x Arrang. = NS NS NS

The higher N and P uptake of ginger in intercrofhwibybean relative to sole ginger is suspectdxttas a result of
atmospheric N-fixation by the soybean which makesamN available in the soil for crop uptake. Thesult

corroborates the higher intercrop productivity at¢d in Table 4. Potassium uptake by ginger wasaffetted by
soybean population and arrangement.
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A significant decrease in N and P uptake was asorded with increase in the number of soybean towise row

of ginger. The highest uptake of N and P was oleskwith one row of soybean to one row of gingemére or

less different trend was observed with the N, Pkngbtake of soybean. N, P, K which was in gendrigher in the

sole soybean than in the intercropped soybean € T@bNutrient uptake was higher in the 1:1 rovaagement than
2:1 and 3:1 row arrangements.

Table 8. Effect of Soybean Population and Spatial hangement on N, P, K Uptake of Ginger in a
Ginger/Soybean Intercrop at Umudike (Average of 20D and 2008 Cropping Seasons).

SOYBEAN SPATIAL ARRANGEMENT
Nutrient Uptake (%)

Soybean N P K

population

(plants/ha) 1:1 2:1 3:1 Mean 11 2:13:1 Mean 1:1 2.1  3:1Mean
50,000 1.8 2.2 1.3 4.4 2.1 3.1 1.8 2.3 2.1 2.6 2.2.3
100,000 2.2 2.7 1.6 2.2 1.6 3.3 14 2.4 1.8 1.9 1.4.7
200,000 1.8 2.6 2.1 2.2 14 2.2 1.6 1.7 1.2 2.2 1.2.5
400,000 1.3 2.6 1.8 1.9 1.2 2.0 1.6 1.6 1.3 1.8 1.a.4
Ginger Sole - - - 3.2 - - - 2.5 - - - 2.8
Mean 1.8 25 1.7 1.8 2.7 1.6 1.6 2.2 15
LSD (0.05): _N P K

Population = 2.31 NS NS
Arrangement = NS NS NS

Pop. x Arrang. NS NS NS

CONCLUSION

Intercropping ginger and soybean increases theugtivity of the system but decreases weight of ppd number
of seeds obtainable per soybean plant relativel®msybean. One row of soybean to one row ofegiiag) 100,000
plants/ha gives a better result in terms of rhizoyredd and intercrop productivity and should theref be

recommended.
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