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Abstract

Intensification of maize/legume production duriraylg rains in the High Rainforest region of Soutbufhern
Nigeria is limited by heavy rainfall. Production Gfte season maize/legume by peasant farmers igngai
prominence though yields are low due to low saililfey and improper crop arrangement. The objeztdf this
research was to investigate the yield performarfclate season maize/soybean intercropping in respdo
nitrogen fertilization and spatial arrangementta# tntercrops. The trial was a split-plot desigrrandomized
complete block with three replications. Treatmesdasisted of five rates of nitrogen (0, 25, 50,an8 100 kg
ha') and five crop arrangements (sole maize at 53pB8®s hd, sole soybean at 266,666 plants aad maize:
soybean additive mixture arrangements of 1:1, B &2). Nitrogen fertilization increased yieldboth maize
and soybean at all the treatment levels, when gremim or in mixtures. Application of 100 kg N*h&o maize
increased number of ears per plant, 100-grain wedgib yield and grain yield by 46, 35, 138 and p&8cents,
respectively in 2007, and by 15, 48, 88 and 102qms, respectively in 2008, over no nitrogen aagion.
Similarly, application of 100 kg N Hato soybean increased number of pods per plantbeuwf barren pods
and 1000-seed weight by 53, 120 and 16 percengpectively in 2007, and by 55, 99 and 14 percents,
respectively in 2008, over no nitrogen applicatiOptimum seed yield in soybean was obtained atgb8 ka'.
The vyield values of 1,352.8 and 1,158.2 kg leere higher than those obtained at 0 kg N bg 31 and 21
percent in 2007 and 2008. Increasing the nitrogealIfurther to 100 kg Hadepressed seed vyield by 8 percent
in 2007 over 0 kg ha The nitrogen x crop arrangement interaction ééfean grain yield and all other
parameters were not significant (p< 0.05). Latesseanaize and soybean populations may be superadpms
each other and fertilized with 50 kg N*hto take advantage of optimum soybean seed yiald6&r76 percent
of the maize grain yield.
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1. Introduction

Maize ZeamaysL.) is an important cereal crop in the family Peae. It is an important source of carbohydrate
in human diet and as animal feed worldwide (Onaa&hwl., 2009). Early season maize is planted in méxtu
with other crops and is harvested first for sulesisé or sold as fresh maize to urban dwellers. iEsipa in the
cultivation of the early season maize crop in thenid Tropical Rainforest agro-ecology of South $eut
Nigeria is limited by lack of appropriate techndkxy for preservation of the fresh harvest. The dagap
between demand and supply has necessitated expasfsmultivation into the late cropping season. Is&gn
(Glycine max (L.) Merrill) is a leguminous oil crop in the falyiPapilionaceae It is an important source of
protein for man and animals (Singh, 2011). As aiteigous crop, soybean is superior to other gragonees. It
has an average protein content of 43 percent amdsuah, can greatly supplement human protein needs,
especially in the developing countries, where ahpnatein is too expensive to buy and/or diffictdtcome by.
Despite its importance, soybean is not a commop itrehe farming system of the peasant farmers®htumid
Southern Nigerian. This is due to heavy rainfalickhpredisposes the crop to rot when grown anddsaed as
an early season crop (Olat al, 1991). But soybean crop can successfully beveid#d in the Tropical Rain
Forest of Nigeria during the late planting seasortake advantage of the approaching harmatan wimds
preserving the crop (Oket al, 1991).

Subsistence farmers in the tropics rely on mixeobping as their crop production system (Sivaraman &
Palaniappan, 1996). Recent research findings hbaesrs that mixed cropping shall continue to be more
beneficial to these small scale farmers for obvimemsons. Mixed cropping provides security in faadput
which is considered more important than food mazation (Brintha & Seran, 2009). It also suppressesds
(Dimitrios et al., 2010), increases cash returns to the farmerspamddes higher yield advantage over sole
cropping (Seran & Brintha, 2010). The commonestdfeoops grown in this region are yams, cassavazenai
plantain and cocoyam. Three or more of these faogdscin combination are common on farmers’ plotthwi
rarely any legume in the combinations. Cereal-legunixtures have been adjudged the most produative bf
intercropping since the legume does not compete thi cereal for available nitrogen but fixes ardalits own
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nitrogen (Adu-Gyamfi et al., 2007). The cereal nadso benefit from the nitrogen fixed in the rootduntes of
the legumes in the current year (Chalk, 1996) bssguent yearsGiller & Wilson, 1993.

Information on fertilizer requirements of late ssascereal-legume mixtures in the humid South Souathe
Nigeria is scanty. The information gap may be duedntrasting fertilizer requirements of the comgrancrops
or to uneven fertilizer loss due to heavy raingraythe first raining season, which leaches mucthefsoluble
soil nutrients (Aune & Lal, 1997). Available infoation is conflicting on the effects of increasinigragen
availability on the productivity of legume/non-lega intercropping. Midmore (1993) reported that &ddiof
nitrogen fertilizer to intercrops raised yields bbth components, but reduced the relative advantdge
intercropping. Siamet al. (1998) observed that the yield components and yélthaizePhaseolusntercrop
responded significantly to nitrogen, up to the kg(N/ha applied, in all the intercropping treatnsei@hiezeyet

al. (2005) obtained significant increase in grain yiefdsorghum grown as a component crop with soybean,
the effect of nitrogen on soybean was not significadhere is a clear indication from the above eevthat the
cereal components must be fertilized for appreeiajield to be obtained. The response of the legume
components of the intercrop, however, seems unptedile.

Soils of the Tropical Rain Forest are heavily lesttbf plant nutrients during the early rains (Adnkal, 1997).
Sustainable production of maize on these soils iregunvesting heavily on fertilizers. Fertilizerajhere
available, are used sub-optimally and this accod@mtsthe low productivity under subsistence farmirig
traditional farming, the crops in mixture are pkthiwith no regard to proper arrangement for effectise of
environmental resources. The objective of this asde was to evaluate the effect of nitrogen ando cro
arrangement on the yield attributing charactersyaeld of late season maize/soybean mixtures.

2. Materialsand M ethods

The field experiments were conducted in Septemb&ecember of 2007 and 2008. The study was sitélgeat
Teaching and Research Farm of the Cross River ityeof Technology, Akamkpa. Akamkpa’(%"N;
8°227E) lies in the tropical rainforest agro-ecologfythe Equatorial climatic belt of Nigeria. The ameannual
temperature of the area ranges betwedi® 28 35C with daily range of about’8. The area has distinct wet
and dry seasons with mean annual rainfall rangiog 1,250 to 4,000 mm. The wet season has doubifalia
peaks during July and October with a short breakiimfall, called “August break”, in between theuthdte peaks.
Consequently, there are two cropping seasons (desty March to July, and late: from August to Detdxer) in
the area.

The soils of Akamkpa are formed from Basement cempbredominantly granite and gneiss, and areifiless
as dystic cambisol. The soils are fine, granulat sandy loam in texture and are well-drained (Ilzaetal.,
1989). The 2007 experimental site was under cassdtigation for five years but left fallow for ongar before
the commencement of the experiment.

Hybrid maize (OBA SUPER 2) and soybean (TGX 144p-thltivar were used for the experiment. The
experimental treatments consisted of five nitrodgevels (O, 25, 50, 75 and 100 kg N/ha) and fivepcro
arrangements. The arrangements were sole maizesegbean and maize: soybean intercrop arrangeroénts
1:1, 2:2 and 1:2, respectively. The treatment coatimns were assigned to split plots in a randothzzemplete
block design with three replications. The five saté nitrogen were randomly assigned to the mabtsplvhile
the five types of crop arrangements were randofidgated to the subplots. The gross main plot siae 3 m x
10 mn$30 ), while the subplot size was 3 m x 2 m (& nThe net plot size for data collection was 1 thxm
(1.5 nf).

Soil samples were randomly obtained with a soilesugom a depth of 0-30 cm prior to fertilizatiohhe
samples were composited and analyzed in the Siéin&e Laboratory of the Department of Soil Science,
University of Calabar, Nigeria. Particle size as&#ywas determined by the hydrometer method usbdgus
hexametaphosphate (Calgon) solution as outlinedliby(1979). The textural class was determined éy#e of
standard textural triangle. Soil samples for chafrémalysis were air dried and ground to pass @23 mm
sieve for the subsequent procedures and analysggtFswas measured with a glass electrode pH metsolil
water suspension of 1:2.5 and organic carbon wesrdaed by the Walkley and Black wet oxidation hoets

as given in Juo (1979). Total soil nitrogen wasedetned by the macro-kjedahl method of Bremmer $)96
Available P was determined by the method of MurphiyRiley (1962). Phosphorus was determined
calorimetrically using molybdenum blue. Calcium amégnesium were estimated by the Versenate EDTA
Titration method Juo (1979), while exchangeablend &la were estimated by flame photometry (Juo, 1979
The exchangeable cations were determined on extodttined after leaching soil samples with neutcaimal
ammonium acetate solution (Juo, 1979).

The 2007 crops were planted on 22nd September, 20d& the 2008 crops were planted on 5th September
2008. Three seeds of each crop were sown manualliggde using a meter tape to achieve the desistandes.
The seedlings were thinned to one plant per standeaweek after sowing. Interplant spacing wasaaied at
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25 cm throughout for maize and 5 cm for soybearegixin 1:2 arrangement where it was 10 cm. Thescrop
were sown as sole maize (1:0) or sole soybean &hd three arrangements of maize and soybean riopgiag

of 1 row maize to | row soybean (1:1), 2 rows ma@& rows soybean (2:2) and | row maize to 2 revybeans
(1:2). Plots in a replication were separated fr@aoheother by 1.5 m path. An additive or superimgosedel
was used and plant density was kept constant otabpiot area basis set at the optimum for sadpsand kept
the same in intercrops. Maize was planted at 53(888ts/ha and soybean at 266,666 plants/ha bystauju
within row spacing of the intercrops.

Rows were spaced 75 cm apart in sole maize asdlensoybean plots. Intercropped maize was 75 om fr
maize to maize and 37.5 cm from maize to soybeams in 1:1 arrangement; but 37.5 cm from maize &izm

or maize to soybean in 2:2 arrangement. In 1:2hgament, intercropped maize was 75 cm from maizedize
but 25 cm from maize to soybean. Intercropped saylvews were 75 cm from soybean to soybean andc®i7.5
from soybean to maize rows in 1:1 arrangement B 8m from soybean to soybean or soybean to nraiz2
arrangement. However, in 1:2 arrangement, intepgdpsoybean was 25 cm from soybean to soybean or
soybean to maize.

Phosphorus as single superphosphate (7.8 percemdR)otassium as muriate of potash (49.8 percemiafe
applied at the rates of 30 kg P/ha and 50 kg Kite two fertilizers were uniformly broadcast andrbwed
into the soil before planting. Nitrogen was applédurea (46 percent N) at the rates as per eaatment. Half

of the required dosage was applied two weeks atiaing and the remaining half was applied six wesfker
sowing, all by side placement along the rows. Weeeise controlled post emergence by manual weeditly w
hoe at 4 and 8 weeks after sowing.

The 2007 crops were harvested on 15th Decembei7 gD days after sowing) while the 2008 crops were
harvested on 24th December, 2008 (110 days afteéingh In both years, harvesting was done manuahgn
the maize and the soybean had reached physiologiaalrity. In 2007, earlier harvesting was due aodlier
cessation of rainfall and subsequent dry up oftlaéze crop. Crop data were taken randomly from rejphin

the net plot measuring 1.5nTen plants of maize and twenty soybean plants waken per plot for crop
attributes and for yield measurements and comoutsiti

In maize, thenumber of ears per plantas determined at harvest by finding average nurobears borne by the
plants in the sample. Fdr00-grain weight 300 oven-dried seeds were counted by hand, weigihe then
divided by threeShelling percentageas calculated from the 10-plant sample as (sesidht/cob weight) x
100. Forcob yield sampled ears were dried in the oven &C60ntil three consecutive constant weights were
obtained. These were then weighed with an eleatrscile and the weight recorded and calculatedyihak.
Grain yieldwas determined by drying the seeds from each giafdple to a constant weight al®&an an oven,
weighing the sample and then calculating graindyielkg ha'. Harvest indexwas calculated from the ten-plant
sample as (seed weight/total sample weight) x100.

In soybeannumber of pods per plamtas counted and recorded as mean number of pade bg plants in a
sample at maturityPercentage sterile pods per plamas estimated as (pods with no seed/pods witkaat bne

or more seeds) x 100. Fpod yield hand threshed and oven dried pods were weighgatately and the weight
of the pod samples was added to the correspondanghtvof their oven dried seeds and calculatedoassyjeld

in kg ha'. For seed yieldseeds from each sample were dried in an ovef’& ® a constant weight and the
recorded weight calculated as grain yield in kd./#helling percentageas estimated as (seed weight/total pod
sample weight) x 100.

All the data collected were subjected to statibticelysis appropriate to the split plot in a ramiiced complete
block design using Windows Statistical PackageSocial Sciences (SPSS), Version 14. Analyses oaneg
(ANOVA) were constructed to examine nitrogen effaatl its interaction on the variables measuredatirent
means were separated and compared using Duncartfpl®liRange Test (Gomez & Gomez, 1984) at 5%
probability level.

3. Resultsand Discussion

Results of the physical and chemical propertiethefexperimental sites showed both sites to beyskaaan in
texture (Table 1). However, the 2007 site was loimgotal nitrogen compared to the 2008 site. Galherthe
2007 site was lower in all the nutrient elementsasueed, as well as in base saturation. The salitpavas,
however, higher in 2007 site compared to 2008 $ite. average monthly minimum and maximum tempeeatur
of the site showed little variation in temperatiretween the months in either 2007 or 2008 (TableTBg
sowing month of September in both the years wasneathan the previous month. The highest tempearatur
occurred in December in both the years, which vigeal for ripening and harvesting of the crops. akierage
monthly rainfall showed marked variation in eachtuf years. In 2007, the average rainfall durirenphg in
September was higher compared to 2008. The aveaagfall during harvest (December) in 2007, on dtieer
hand, was lower compared to 2008. Treatment effettthe two crops are presented below. Due to non-
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significant interaction between nitrogen and cra@rgements, all the nitrogen results were averaged crop
arrangement. The effects due to crop arrangemerbéwn reported (Undetal., 2012)

3.1 Number of ears per plant, 100-grain weight gnain yield in maize

In 2007, each increase in nitrogen rate from Ock@a0 kg ha resulted in significant increase in the number of
ears per plant (Table 3). In 2008, raising theogién level from 0 to 50 kg Hehad no significant effect on the
number of ears, but further increase to 75 or D0 kha' significantly increased the number of ears pentpda
each of the levels. The 100-grain weight of maizes wignificantly increased at each rate of appfhitgen
from O to 100 kg Ha in each of the years (Table 3). In both yearsngsagld of intercropped maize was
significantly increased as the rates of nitrogenewaised from 0 to 100 kg N hgTable 3). At the 100kg N ha

! grain yield obtained in 2007 was 47% lower tHzat bbtained in 2008

3.2 Cob yield, harvest index and shelling perceatagmaize

Cob yield increased significantly at each levebpplied nitrogen in both years (Table 4). The hstruedex of
intercropped maize in 2007 increased with nitrogento the 100 kg ha(Table 4). All increases in harvest
index at each level of nitrogen were significantept those between 50 and 75 kg N ba 75 and 100 kg N ha

! which gave statistically similar values. In 200&wever, each increase in the nitrogen rate sigmifly
increased the harvest index up to the 100 kg N used. The shelling percentage of intercropped enaias
significantly affected by nitrogen in both 2007 aB608 (Table 4). Shelling percentages increaseth wit
increased application of nitrogen up to 100 kg.Hdowever, significant differences did not existveeen 0 and
25 kg N had in 2007 or 50 and 75 kg N tan 2008.

3.4 Number of pods per plant, percentage sterildspnd 1000-seed weight in soybean

In 2007, each incremental rate of nitrogen from @%kg N h& significantly increased the number of pollst

a further increase in nitrogen rate to 100 kg peoduced pods that were statistically similar withse at 75 kg
ha' (Table 5). In 2008, increasing the nitrogen rdtesn 0 to 25 or 50 to 75 kg Haproduced significant
increase in number of pods per plant. Nitrogensrate25 and 50 or 75 and 100 kg'moduced number of pods
per plant that were not statistically differentci@asing the nitrogen rates from 0 to 100 kg bagnificantly
increased the percentage of sterile pods per plaeach level of applied nitrogen in both yearsb{&&). For
1000- seed weight, application of nitrogen from@® kg ha significantly increased the weight at each of the
applied rates (Table 5).

3.5 Seed yield, pod yield and shelling percentagmiybean

Seed yield of soybean was significantly increaateelach applied rate of nitrogen from 0 to 50 kg (¥&able 6).

A further increase in nitrogen rates from 50 toof5100 kg ha decreased seed yield at each level over that
obtained at 50 kg N HaHowever, the yield decrease between 75 and 100 kg* was not significant in 2007
but significant in 2008. In 2007 the yields obtaira 75 or 100 kg N Hawere statistically the same with that
obtained at 25kg N Ha In 2008, the yield obtained at 75 kg N'haas statistically similar to that obtained at 0
kg N ha’; while that at 100 kg N Rawas significantly lower than that obtained at othiérogen rates in 2008.
In both the years, the highest grain yields wergiobd at 50 kg N ha Pod yield of soybean was significantly
increased at each nitrogen rate applied up to @fekfy ha in 2007 (Table 9). In 2008, pod yield increased
significantly with nitrogen application up to 50 K§ ha', beyond which there was a decrease but not
significantly. The effect of nitrogen on shellingrpentage of soybean showed that increasing nitrogtes
from 0 to 50 kg hain 2007 significantly increased shelling percertag each of the applied rates (Table 9). A
further increase to 75 or 100 kghsignificantly decreased shelling percentage dvar btained at 50 kg N ha

! Shelling percentages obtained at 75 and 25 kg™Nboh100 and 0 kg N Hawere statistically similar. In 2008,
the highest shelling percentage was also obtaing6é kg N h&. However, the shelling percentages at 25 and 50
kg N ha' were not significantly different. Similarly, thehalling percentage obtained at 100 kg N* heas
siglnificantly lower than that obtained at 50 orkgpN ha' but statistically similar with that obtained ak@ N
ha™.

Application of nitrogen had beneficial effects delgt components and grain yield of both maize anean as
sole crops or intercrops. In maize, yield composeft number of ears per plant, 100-grain weighgllsty
percentage, cob yield, harvest index and grairdyiedre positively and linearly influenced by thepligation of
nitrogen. Thus, at 100 kg N hiacompared to O kg N Hathere were 46, 35, 138 and 153 percent incrdases
number of ears per plant, 100-grain weight, colddyand grain yield, respectively, in 2007. In 20@i8ese
attributes increased by 15, 48, 88 and 109 pemtetite 100 kg N hj respectively. In soybean, application of
nitrogen increased number of pods per plant by &tent, 1000-seed weight by 16 percent, and number
sterile pods per plant by 120 percent in 2007; 008 nitrogen increased number of pods per planb®hy
percent, 1000-seed weight by 14 percent and numbeterile pods per plant by 99 percent. The peesiti
increases in the yield components indicated th#t witrogen fertilization, contribution of assintiés to these
attributes was greatly enhanced. Grain yield has tieked to enhanced current assimilate supptieteloping
yield components and kernel (Boyd¢ al 1991). The highest values of these parametersaize, therefore,
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occurred at the highest rate of nitrogen used, estitg that the 100 kg N fas used in this experiment might
not be the optimum for the production of ‘OBA SUPEFRhybrid maize. This observation agrees with Sian
al. (1998) who obtained optimum grain yield at niadevels above 100 kg has used in this experiment and
recommended rates ranging from 120 to 150 kgfbathe production of sole maize, especially hgbri

In soybean, there was an increase in the numbeodas per plant at nitrogen rates beyond 50 Ky kmwever,
these did not translated to higher grain yielchase nitrogen levels. There was high percentagéespeds that
nullified any gain in grain yield. Optimum graineyd of soybean in response to nitrogen was, thexefd 50 kg
N ha'. Increased availability of nittogen might havexcomitantly increased the number of sterile pods tu
the shading effects of maize on soybean beyon® &g\ ha'. This optimum rate of 50 kg N/H&or soybean
contrasted with the 25 kg N/haeported by Anon (1986) and the 30 kg Nftabtained by Kang (1975). The
work of Chiezeyet al. 005) who obtained no significant response in sagbgrain yield to nitrogen
application also contrasted sharply with the curfarding. The optimum nitrogen rate of 50 kg h this
study, however, agreed with the report of Mandir&bondibaye (1998) who obtained optimum grain yieid
soybean at 50 kg N HaThe higher nitrogen demand may be due to theifrent soil nitrogen because of
heavy leaching or because this variety was growthisnsoil for the first time with no inoculation.

Similar results on the importance of fertilizer gsan intercropping have been given for maize/cawpad
maize/phaseolus (Olasantanal, 1997; Siamest al, 1998). At the optimum rate of 50 kg N*héor soybean
yield as observed in this study, 66 percent in 280F 76 percent in 2008 of the maize grain yieldsevalready
obtained. An additional 50 kg N fdo the intercrops produced only 24 to 34 percérihe maize grain yield,
indicating that the 50 kg N Hamight be considered the optimum rate for the petidn of late season
maize/soybean as intercrops in the humid agro-ggadd South Southern Nigeria.

4. Conclusion

This study demonstrated the role of nitrogen inirgngeld and yield components of maize, soybean and
maize/soybean intercropping in the humid agro-epplof Nigeria. Although grain legumes can signifitg
reduce the need for nitrogen by cereals in intgqirgy situation, inclusion of inorganic fertilizer necessary if
the ultimate goal is to increase yield. Intercraygplegumes with maize in the humid South Southemo-a
ecology of Nigeria can decrease nitrogen use, ggour environment healthier.

From the results obtained in this study, it is ewidthat nitrogen fertilization improved grain ylelin late
season intercropped maize and soybean. The 50 kg'Nwhich was the maximum for soybean production,
might be considered the optimum rate for the prtdnof late season maize/soybean mixture as niene 66
percent (2007) and 76 percent (2008) of the ta&ddiyof maize was obtained at this nitrogen level.
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Table 1.Physical and chemical properties of thés safi the experimental sites in 2007 and 2008 pddéating
season at Akamkpa, South Southern Nigeria

Properties 2007 2008
Physical composition (g/kg)
Sand 10.0 5.0
Silt 13.0 19.7
Clay 77.0 75.3
Textural class sandy
sandy loam |

oam
Chemical characteristics
pH (H0) 4.2 5.1
Organic carbon (g/kg) 1.13 1.63
Total Nitrogen (g/kg) 0.09 0.13
Available Phosphorous (g/kg) 2.75 3.12
Exchangeable bases (cmol/kg)
Ca 0.6 2.2
Mg 0.2 1.0
K 0.07 0.08
Na 0.04 0.05
Exchangeable Acidity (cmol/kg) 4.8 3.0
ECEC (cmol/kg) 5.71 6.33
Base Saturation (g/kg) 16.0 53
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Table 2 Temperature and rainfall data at Akamkpéndiexperiment in 2007 and 2008

Mean TemperaturéQ) Rainfall (mm)
Month 2007 2008 2007 2008
Min Max Min Max
August 23.3 28.1 23.3 28.4 415.5 509.2
September 23.7 28.7 234 29.7 561.7 122.5
October 23.0 29.0 23.0 30.5 297.9 315.0
November 23.0 30.4 23.7 31.6 263.2 102.5
December 23.5 30.5 23.4 31 33.1 77.1

Source: Nigeria Meteorological Services (NIMET), &tzr.

Table 3 Effect of nitrogen on number of ears panpl100-grain weight and grain yield of intercregpmaize in
2007 and 2008.

Nitrogen (kg hd) Number of ears/plant 100-grain weight (g) Gramd (kg/ha)
2007 2008 2007 2008 2007 2008

0 0.72e 0.98c 14.30e 17.07e 1035.4e 1970.8e
25 0.82d 1.00c 15.53d 18.86d 1314.4d 2590.1d
50 0.95c 1.00c 16.42c 21.45c 1719.8c 3134.3c
75 1.00b 1.07b 18.28b 23.17b 2135.0b 3612.0b
100 1.05a 1.13a 19.34a 25.19a 2616.3a 4121.5a
SE+ 0.012 0.013 0.231 0.310 1099 2151

Means followed by a common letter in a column aresignificantly different at 5 percent level.

Table 4 Effect of nitrogen on cob yield, harvester and shelling percentage of intercropped maiZ0D7 and
2008.

Nitrogen (kg hé) Cob yield (kg/ha) Harvest index Shelling petege
2007 2008 2007 2008 2007 2008
0 1500.3e 2739.0e 0.19d 0.21e 68.4d 72.6d
25 1913.7d 3436.8d 0.23c 0.24d 68.9d 75.4c
50 2425.7c 3916.2¢c 0.27b 0.26¢ 70.7¢c 79.7b
75 2950.5b 4533.8b 0.28b 0.28b 72.4b 80.0b
100 3575.5a 5139.3a 0.31a 0.32a 73.4a 80.33a
SE+ 21.71 35.55 0.017 0.002 0.37 0.39

Means followed by a common letter in a column aresignificantly different at 5 percent level.

Table 5 Effect of nitrogen on number of pods peanpl percentage sterile pods and 1000 seed wefght o
intercropped soybean in 2007 and 2008.

Nitrogen (kg hé) Number of pods per plant Percent sterile pods 03<¥ed weight (g)
2007 2008 2007 2008 2007 2008

0 0.98d 30.48c 18.62e 19.97e 10.88e 11.33e
25 0.14c 38.27b 20.07d 20.28d 11.45d 11.43d
50 0.64b 39.25b 29.24c 28.55¢ 11.70c 11.77c
75 0.15a 46.37a 36.03b 34.40b 12.13b 12.48b
100 0.72a 47.39a 41.01a 39.66a 12.58a 12.87a
SE+ 1.108 1.145 0.603 0.543 1.09 0.600

Means followed by a common letter in a column aresignificantly different at 5 percent level.
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Table 6 Effect of nitrogen on seed yield, pod yiatdl shelling percentage of intercropped soybe&0@y and
2008
Nitrogen (kg hd)  Seed yield (kg h§ Pod yield (kg hd) Shelling percentage

2007 2008 2007 2008 2007 2008
0 1030.0c 961.0c 1540.3e 1452.0c 61.10c 71.33c
25 1162.0b 1097.7b 1631.3d 1575.8b 69.33b 74.41a
50 1352.8a 1158.2a 1703.3c 1657.2a 73.25a 74.45a
75 1227.3b 948.8c 1740.5b 1420.6¢ 68.70b 73.28b
100 1203.3b 885.0d 1775.9a 1353.6d 65.85¢ 72.06¢
SE+ 47.39 24.10 13.42 26.19 0.920 0.470

Means followed by a common letter in a columm ot significantly different at 5 percent level.

Mumber of Machines, M= 10 F = forescast rate
Mlaximmum Utilisation, e, =080 ¥ = actual rate
Smoothing Constant, o= 0.30
Rate Mo. of
Year | Month Utilisation Disturbance Idling Workers Remarks
F Y F Y F Y
Jan 0.20 075 0.06 0.04 015 0.z0 225 ()
Feb 079 0.70 005 0.o7 017 023 884 (9
Mlar 076 0.66 0.06 0.09 018 025 838 (8) lower &
Apr 073 0.60 o7 011 0.20 026 183 (8)
D ay 069 055 0.08 0.09 022 nza 143 (7))
! Jun 0.65 0.4 0.08 0.12 0.24 0.28 676 (7)) decreasing Uy
Jul 0.60 0.43 0.09 0.10 025 030 6.l8 (6)
Aug 055 039 0.10 0.08 027 030 54 (5)
Sep 0.50 034 n.n9 005 023 032 463 (5) HICEEASING ¥y
Cict 0.45 0.30 0.08 0.04 029 naz2 376 (4)
Hov 0.41 025 o7 0.08 0.30 033 205 (3
Diec 036 023 o7 01z 031 030 231 ()
Jan 0z 028 0.09 015 031 026 203 ()
Feb 031 033 011 018 029 024 235 ()
Mlar 0z 0.41 013 0.20 028 nz2 27T (%) higher &
Apr 034 0.45 015 018 0.26 0.z0 35T (4
Ml ay 03z 0.53 0.1a 017 0.24 0.1a 426 (4
3 Jun 0.42 0a2 0.1a 01z 022 0.14 513 (5) icreasing Uy
Jul 048 069 015 0.1a 019 niz 504 (6)
Aug 0.54 074 015 0.20 017 o9 600 (7))
Sep 0.40 0.82 0.17 0.17 0.15 0.06 815 (8) | decreasing 1
Cict 0.a7 0E7 017 01z 01z 0.04 0.4 ()
Hov 073 0.90 015 01z 0.10 0.03 | 1006 (10)
Diec n7g 0.90 n.i4 015 0.08 003 | ILTT {1y
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