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ABSTRACT

Food insecurity is caused mainly by inadequate soil fertility and high prevalence of storage
pests. Maize and soybean are splendid food not only to man but also to other living beings. The
present study was conducted to assess the productivity of maize/soybean intercrop system with
inorganic fertilizer and their seed storage. The field and storage experiments were conducted
at Federal University of Technology, Owerri. The field experiment was a 3x6 factorial in a
randomized complete block design consisting of cropping system at three (3) levels (sole maize,
sole soybean and intercrop) levels and NPK fertilizer at six (6) levels (Okg/ha, 200kg/ha,
300kg/ha, 400kg/ha, 500kg/ha and 600kg/ha) replicated thrice. The seed from the harvest of
each were treatments were dusted with different levels of diatomaceous earth (D.E) (0.0g, 0.5g,
1.0g and 1.5g) and put in purdue improved crop storage (PICS) bags. Data collected were
yield parameters, number of number of live Sitophilus zeamais at one month storage and
number of dead S. zeamais after five month of storage. Data were subjected to statistical
analysis using Gentstat and means were separated using least significant difference at 5%
probability level. The productivity from the mean yield data of both crop were assessed by the
land equivalent ratio. The results revealed that maize/soybean intercrop system is productive.
Also the results of the seed storage experiment revealed that PICS bags alone cannot provide
proper control of insect pest and therefore recommended combination of PICS bag and
diatomaceous earth at 1.5g/1kg of maize for proper storage.
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INTRODUCTION

Maize (Zea mays) also called corn belongs to the family poaceae plays a vital role in the food
and nutrition of over one billion people in Latin America and Africa (Gupta et al., 2009).
According to International Institute for Tropical Agriculture (2009), maize constitutes about
50% of the food consumed in Sub-Saharan Africa. Therefore shortage or absence of maize may
result in serious starvation and famine. Maize is grown both at commercial and subsistence
level, it important as a major food, fodder and industrial crop can hardly match other cereal
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crops such as millet and sorghum (Manyong et al., 1996; Ibeawuchi et al., 2007). Soybean is
an important source of protein, carbohydrate, minerals, vitamins, imparts to getting better soil
fertility and reduce striga infestation on farmer’s field. Continues cultivation of crops has
fostered the consumption of the little organic matter content and fertility status of the soil (Wu
etal., 2003). According to Abdurrahman et al., (2016), endeavor aimed at obtaining high yield
of crops would require augmentation of the nutrient status of the soil for higher productivity
and maintaining soil fertility. This can be achieved using inorganic fertilizer such as NPK.

Researches in maize and soybean over the years have focused on the provision of improve
varieties, fertilizers, modification of cropping systems and rotational cropping. These ideas
considerably boosted production (Tinsley, 2009). Nevertheless, their availability in good
quality for consumption is threatened by poor production practice and storage techniques. As
opined by Kader (2008), for over thirty years, resources were allocated to increase agricultural
production significantly but 95% of the researches targeted increasing production with only
5% focused on reduction of losses after harvest. Therefore the present studies focused both on
increasing production and reduce losses in storage.

In spite of the numerous advantages of synthetic insecticides in storing grains the implication
is that synthetic insecticides are expensive, they may not be available regularly and they may
be illicitly blended with other undesirable compounds and their repeated application increase
the chance of human environmental toxicity. Therefore there is a growing need for non
chemical control methods.

The purdue improve crop storage (PICS) bag and diatomaceous has an effective alternative to
chemical pesticides used in storage. The bags consist of two liners and an outer woven that
provide a low oxygen environment and reduces insect development (Korunic et al., 1996;
Murdock et al., 2012). Diatomaceous earth is perceive to be a sound option in storage because
it has no toxicity to mammal, does not affect the end use quality and does not breakdown
rapidly (Desmachelier and Dunes 1987, Korunic et al., 1996).

It is on the basis of the environment problems and food security that the study was designed to
assess the productivity of maize/soybean intercrop system with fertilizer and their storage using
PICS bag and D.E powder in Owerri, Imo state Nigeria. Whereas other specific objectives
include: (1) to determine the productivity of sole maize, soybean and their intercrop using land
equivalent ratio (2) to determine the effectiveness of PICS bag and D.E powder against storage
pests of maize and soybean (3) to determine the optimum level of diatomaceous earth that
would provide effective control of storage insects of maize and soybean.

MATERIALS AND METHODS
Field Evaluation

The experiment was conducted during 2018 rainy season at the Teaching and Research Farm
of Federal University of Technology, Owerri, Imo State, Nigeria. The site lies between latitude
5927N and longitude 7°02E and 55.7m above sea level located in the heart of the rainforest
region of South Eastern Nigeria. It has the following climatic characteristics 1,953mm annual
rainfall, mean annual temperature and relative humidity of 28°C and 88%, respectively
(Adeyemi, 2011). The land was repeatedly used for different crop research and was covered by
small shrubs and grasses.
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The trial was laid out as 3x6 factorial experiment: cropping system at three levels (sole maize,
sole soybean and maize/soybean intercropping) and NPK 15:15:15 fertilizer at 6 levels (Okg/ha,
200kg/ha, 300kg/ha, 400kg/ha, 500kg/ha and 600kg/ha) fitted into a Randomized Complete
Block Design (RCBD) with 3 replications. Each block contained 18 treatments which gave a
total of 54 experimental units measured 3x3 = 9m?.

Soybean (TGX 1835-10E) and Maize (DMR-LSRY) seeds were sown the same day. Manual
weeding was carried out at 4, 7 and 10 weeks after sowing (WAS). Fertilizer application was
done 3 weeks after sowing (WAS) by band placement on sole crop maize, sole crop soybean
and maize-soybean intercrop at alternate rows. Maize was harvested when the cobs were dry.
Further sun-drying was done before shelling, soybean was harvested later, when the leaves had
turned yellow and pods sufficiently dried.

Storage Experiment

The materials used for the seed storage included: eight (8) purdue improved crop storage bags
obtained from Bauchi State Agricultural development Program (BSADP) and diatomaceous
earth powder sourced from Nigerian Stored Product Research Institute (NSPRI) Porthacourt.
200g of maize and soybean from each treatment were visually check for insect infestation and
found not to be infested by insects were put in ziplock bags followed by dusting the seeds with
the different D.E levels (0g/kg (control) , 0.5g/kg, 1.0g/kg and 1.5g/kg) replicated thrice. The
ziplock bags containing the seeds were transferred to the PICS bags base on the treatment
(PICS bag 1+0.0g/kg, PICS bag 2+0.5g/kg, PICS bag 3+1.0g/kg and PICS bag 4+1.5g/kg), the
PICS bags were airtight and placed on a wooden panel that was raised above the ground level
at the Department of Crop Science and Technology for five months.

Data Collection and Analysis

Data collected for the field experiment include cob length, cob weight, 100 seed weight per
plant and grain yield of maize while that of soybean include number of pod per plant, number
of seed per pods, fresh and dried pods weight, 100 seed weight and grain yield. Data collected
for the storage include: number of live maize weevil (Sitophilus zeamais) at 1 month check,
number and number of dead S. zeamais after 4 month of storage

The data collected were subjected to analysis of variance using Genstat software and means
were separated using LSD at 5% probability level. The productivity from the mean yield data
of both crop were assessed by the land equivalent ratio (LER) (Willey, 1990).

_IntercropyieldofcropA IntercropyieldofcropB
LER = +

SolecropyieldofcropA SolecropyieldofcropB

Where LER is equal to 1.0, it means that there is no advantage to intercropping over sole
cropping. LER above 1.0 shows an advantage while number below 1.0 shows a disadvantage
in intercropping.

Results

i. Field Evaluation
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Figure 1: maize and soybean in the field
Table 1: Effect of Cropping Systems and Fertilizer Levels on the Yield and Yield
Parameters of Maize

Fresh Dried Fresh Dried 100

Grain yield cobwt (g) cobwt (g) cobdia. cobdia. Seedwt(g) (kg/ha
)

Cropping Systems

Sole Maize 147.09  97.35 6.61 3.75 22.26 859.50
Intercropped Maize  135.48 87.98 6.38 3.63 19.88 593.10
LSD (0.05) NS NS 0.15 NS 1.76 16.92
Fertilizer levels (kg/ha™)

0 111.54 75.69 5.83 2.65 15.10 579.90
200 159.81 103.48 6.15 3.95 21.22 755.75
300 170.64 115.32 6.75 4.00 21.96 829.25
400 136.53 99.05 6.60 4.01 23.68 801.55
500 134.84 80.26 6.58 3.81 23.79 727.10
600 134.36 85.43 6.52 3.72 19.87 664.30
LSD (0.05) 27.24 NS 0.26 0.23 3.06 29.31

Dia.= cob diameter (cm), Wt = weight

Table 2: Effect of Cropping Systems and Fertilizer Levels on Yield and Yield Parameters
of Soybean

No. of No. of Fresh  Dried 100 grain  yield
pods/plant  seed/pod pod wt (g) podwt (g) seedwt(g) (kg/ha?)

Cropping Systems

Sole Soybean 51.22 2.11 48.67 26.27 12.80 436.36
Intercropped Soybean 38.17 2.13 47.03 28.42 11.54 285.41
LSD (0.05) 6.35 6.35 NS 3.95 0.84 7.77

Fertilizer Levels (kg/hat)

0 34.95 2.07 38.86 24.89 10.99 297.30
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200 49.99 2.14 43.74 30.71 13.37 358.01
300 52.12 2.12 54.47 28.35 12.61 410.26
400 41.99 2.12 55.83 28.93 12.64 386.10
500 38.48 2.19 46.63 25.54 11.97 374.12
600 40.64 2.11 4759 25.66 11.45 339.53
LSD (0.05) 11.00 NS 10.77 6.85 1.46 13.46

NS = Not Significant at 5% probability

Table 3: Land Equivalent Ratio (LER)

partial LER Total LER
Cropping System x NPK levels Maize Soybean
0 x Maize/soybean 0.60 0.66 1.26
200 x Maize/soybean 0.68 0.59 1.27
300 x Maize/soybean 0.71 0.65 1.36
400 x Maize/soybean 0.79 0.63 1.42
500 x Maize/soybean 0.70 0.70 1.40
600 x Maize/soybean 0.63 0.69 1.32

!Partial LER = for maize and soybean were obtained by dividing each intercrop yield by its
corresponding sole crop yield.

2Total LER = sum of the partial LERSs of two component crops in the intercropping system.

ii. Storage Experiment

Figure 2: Weighing and dusting of the maize seeds with the different D.E levels
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Figure 3: Five (5) month storage

Table 4: Efficacy of Diatomaceous earth and PICS bag on number of live maize weevil

(Sitophilus zeamais) counted at one month of storage

PICS bag+0.00g  PICS bag+0.50g PICS bag+1.00g PICS bag+1.50

Cropping Systems

Sole maize 2.00 . - -
Intercrop maize 2.50 _ _ —
LSD (0.05) 0.10

Fertilizer Levels (kg/hat)

0 3.00 _ - -
00 1.50 _ - -
300 3.00 _ - -
400 2.00 _ - -
500 2.00 _ - -
600 2.00 _ - -
LSD (0.05) 0.03

(_) =absence of live insect

Table 5: Efficacy of Diatomaceous earth and PICS bag on number of dead insects

counted after Five (5) month of storage

PICS bag+0.00g PICS bag+0.50g PICS bag+1.00g PICSbag+1.5g
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Cropping Systems

Sole maize 65.70 16.80 6.00 0.90
Intercrop maize 112.90 12.70 9.30 1.00
LSD (0.05) 2.11 1.12 0.01 NS
Fertilizer Levels (kg/hat)

0 123.70 17.50 10.00 1.80
200 50.00 11.65 7.50 0.70
300 117.70 20.85 9.00 1.50
400 86.00 18.83 3.00 0.35
500 54.35 24.50 11.00 1.00
600 104.00 15.34 7.00 0.50
LSD (0.05) 1.22 1.94 0.03 NS

NS = Not Significant at 5% probability
Discussion
Effect of Cropping Systems and Fertilizer levels on yield and yield parameters of maize

Maize yield and yield parameters, fresh cob weight, dried cob weight and dried cob diameter
were not affected by cropping systems while fresh cob diameter, 100 seeds weight and grain
yield were significantly (p<0.05) affected by cropping system. This result is in close conformity
with the findings of Ali et al, (2015) who reported that cob diameter were not affected by
intercropping. Yield parameters of maize do not increase with increase levels of NPK fertilizer
application. This may be attributed to the soil status or climatic factors like temperature, relative
humidity and rainfall that interfered with the crop during their growing periods. Higher yield
components of maize were recorded under sole cropping system compared to intercropping
pointing out that crops in sole plots suffered less from competition. The consequences of this
finding from the present study is that the nutrient requirements of maize and soybean in the
intercropping system were higher than the nutrients need of either crop when grown as sole
crop (Baker (1975), Mbah et al., (2007) Ali et al., (2015) reported that the nutrient demand of
the components crops were always higher than for sole crops. The cob weight, cob diameter,
100 seeds weight and grain yield do not increase with increment in levels of NPK fertilizer
application, higher yield components of maize was recorded at 300kgNPK/ha* application.
This result agree with the findings of Mbah et al., (2007) and Ali et al., (2015) who reported
that application of 300kg/ha recorded the highest yield. They also reported that the nutrient
needs of the intercropping components crops were always higher than for each crop when
grown as sole. The implication of this finding from the study was that increase levels of NPK
fertilizer up to 600kgNPK/ha! did not increase the yield parameters of maize. Control plots
recorded the lowest values for all yield parameters.

Effect of Cropping Systems and Fertilizer levels on yield and yield parameters of soybean

Cropping system significantly (p<0.05) affected number of pods per plant, number of seeds per
pods, dried pod weight, 100 seeds weight and grain yield of soybean but had no effect on fresh
pod weight (Table 2). These yield responses parameters showed higher values in sole soybean
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compared to intercrop soybean. The result agreed with the findings of Enyi (1973) and Fisher
(1977) in corn-cowpea mixtures as well as Olasantan and Lucas (1999) in maize-melon
mixtures and Lesoing and Francis (1999) in maize-soybean mixtures and sorghum-soybean
intercrop, Mbah et al., (2015) in maize-soybean intercrop and Ali et al., (2015) in maize-
soybean that the sole crop components yielded higher than the corresponding crops in
intercropping situation. The result showed that the levels of fertilizer applied in the cropping
system significantly (p<0.05) affected number of pods per plant, number of seeds per pods,
fresh pod weight, dried pods weight, 100 seeds weight and grain yield. These yield and yield
parameters did not increase with increasing levels of NPK fertilizer application from zero to
600kgNPK/ha* used in the study.

Various response of soybean to NPK fertilizer application had been reported by some
researchers (Bhango and Albritton, 1972, Madimba and Mondibaye, 1996) that is not in
conformity to the findings of the present study. This variation may be attributed to different
type of soil, climate or fertilizer. In addition, Kang (1975) in his study reported a significant
straight increase in yield of soybean to nitrogen (N) applied at 0. 30, 60 and 120kg/ha but
suggest that with N at 30 kg/ha™* with inoculation gave significantly higher yields of soybean.
Okpara et al., (2002) in their study with nitrogen fertilizer within the range (0 — 80kg/ha™) in
the humid rainforest zone report that soybean response highly as a result of the fertilizer
application and conclusively noted that nitrogen alone was very effective in increasing soybean
yield and yield parameters with application of up to 100kgN/ha. Related work by Chizey
(2001) conducted in the guinea savanna of Nigeria showed increase nitrogen fertilizer
application from 0 to 80kgN/ha. The results of the present study showed that soybean
benefited more from the (300kgNPK/ha) in both cropping systems. This study reported a
similar result by Mbah et al., (2007) where they investigated and showed that soybean
benefited more from (300kgNPK/ha™).

The zero NPK (control) treatment gave the least yield and yield components assessed. The soil
analysis before the conduct of the experiment showed very low nutrient levels and neutral pH
level, therefore it was not surprising that yields would be low with this poor soil status. In the
intercropping and sole cropping system, soybean yields were generally low due to the shading
effect by the faster and taller growing maize component and because of the heavier rainfall
which might have resulted to leaching of nutrients as well as competition for the available
nutrients and space between the component crops.

The result agree and supported the findings of Mann and Jaworski (1970) and Mbah et al.,
(2007) which showed that shading of soybean plants resulted to cutting of about half the pods
and always lead to lower yield. Moreover, the reduction in seed yield could be ascribed to the
presence of higher number of poorly developed, empty, immature and poorly filled pods.The
lowest number of pods per plant, number of seed per pods, dried pod weight, 100 seeds weight
and grain yield were obtained in zero level of NPK fertilizer application.

Assessment of the Productivity of the Mixture

The land equivalent ratio was used to assess the productivity of the component crops in
intercropping system (Table 3). The study showed that maize-soybean intercropping resulted
in yield advantage, the total land equivalent ratio (LER) was above 1.0 i.e (1.26, 1.27, 1.36,
1.42,1.40, and 1.32) which showed a yield advantage due to intercropping to sole cropping of
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both maize and soybean. The highest LER of 1.42 was obtained in soybean and maize intercrop
that received 400kgNPK/ha in the study.

Efficacy of Diatomaceous Earth (D.E) and Purdue Improved Crop Storage (PICS) bags
on the Storage Seeds

The results showed that PICS bag storage did not completely eliminate insect but suppressed
their development at one month of storage but does so after five month of storage (Table 4).
However, it has resulted to about 98% reduction of storage losses and can be use for longer
storage time ( 53, 56). According to Tefera et al., (2011) and World Bank, (2011), hermatic
storage has been observed to be very effective in reducing storage losses. Another suggestion
by Bakoye et al., (2017) revealed that low-cost PICS bag and other hermatic technologies were
among the numerous technologies that are cost-effective in controlling storage insects.

These results agree with the Bakoye et al’s finding but observed that PICS bag effectiveness
against storage insect increases with increase in storage time because the absence of oxygen
during storage stopped killed and stopped their development. Baoua et al., (2014), observed

95-100% insect mortality after 6% months of storage and seed viability is maintained.

The three D.E levels (0.5, 1.0 and 1.5g/kg) caused significant mortality to S. zeamais (Table
5), live S. zeamais were found in the control (0.0g/kg) and absent in the D.E applied treatments
at one month of storage. The number of death insect counted in maize seeds decreased with
increasing level of D.E, the insecticidal efficacy under dried condition may be due to the
desiccative properties of the powder. Diatomaceous earth showed insecticidal properties on S.
zemais this is because the D.E could contain some chemical compounds that reduced progeny
production and act almost on progeny inhibition by same mechanism. The dust inhibits insect
behavior, affecting movement and reproduction by blocking air space between the seeds. This
result agree with the finding of Mordock et al., (2012) and Khakame et al., (2012) who reported
that a D.E is very effective against S. zeamais progeny. Parsaeyan et al., (2012) found that D.E
reduced the fecundity, adult longevity and egg hatching rate of storage insect. Therefore the
present study revealed that the three D.E levels suppressed S. zemais population increase and
reduced infestation.

Conclusion

The results of the field study showed that maize and soybean could be intercrop base on the
land equivalent ratio values. Fertilizer significantly increases the yield of component crops than
when no fertilizer was applied. The results of the seed storage experiment showed that PICS
bags alone cannot provide proper control of storage pest of maize at one month storage time
but can do so when the longevity of storage is increase. PICS bags and D.E storage is found to
be effective, this research finding recommended the use of PICS bag and 1.5g/kg of D.E for
both short time and long time storage of maize seeds.

Acknowledgement

My word may not be enough to acknowledge and appreciate my supervisors, Prof. I. I.
Ibeawuchi (Agronomy) and Dr. (Mrs) M. O. Ofor (post-harvest) who provided great insight

IIARD — International Institute of Academic Research and Development Page 56



http://www.iiardpub.org/

International Journal of Agriculture and Earth Science E-ISSN 2489-0081 P-ISSN 2695-1894,
Vol 5. No. 3 2019 www.iiardpub.org

and guide for this work, their interest, commitment and support was paramount to the success
recorded in the study. They read through the work critically at each phase and their input went
a long way in molding this work. Thank you very much for your patience and for allowing me
to gained from your wealth of knowledge.

References

Abdulrahman, B.L., Dawaki, M.U and Muhammad, 1. (2016). Effect of Organic and Inorganic
Nitrogen Sources on Soil Properties and Maize Seedling Nitrogen Uptake. Applied
Tropical Agriculture 3:186-191.

Adeyemi, A. 2011. Complete guide to Nigeria tourism, local culture and investment
opportunities. www.cometonigeria.com.

Ali, a.; lIbrahim, N. B and Usman, M. (2015). Yield of maize-soybean intercrop and soil
properties as influence by fertilizer in Southern Guinea Savannah Zone of Nigeria.
International Journal of Scientific and Research Publications. 5: 2250-3153.

Ayoola, O. T. and Makinde, E. A. (2007). Fertilizer treatment effects on performance of
cassava under two planting patterns in a cassava based cropping system in south west
Nigeria. Research Journal of Agriculture and Biological Science, 3(1): 13-20.

Baker, E. F. I. (1975). Mixed cropping in northern Nigeria. Ill. Mixtures of cereals.
Experimental Agriculture, 15: 41-48.

Bakoye O. N et al., (2017). “Quality of maize for sale in markets in Benin and Niger”” Journal
of Stored Products Research 71:99-105

Baoua I. B et al., (2014). “PICS bags for postharvest storage of maize grain in West Africa:
Journal of Stored Product Research 58:20-28.

Bhango, M.S. and Albritton, D. J. (1972). Effects of nitrogen, phosphorus and potassium on
yield and nutrient content of soybean. Agronomy Journal, 64: 743 -746.

Chiezey, U. F. and yayock, J. Y. (1991). Performance of soybean (Glycine max (L.) Merrill)
in the Northern guinea savanna as affected by variety, nitrogen and potassium fertilizer
levels. Nigeria Agricultural Journal, 26: 45-58.

Desmarchelier J. M, and Dines J.C, (1987). Dryacide treatment of stored wheat: its efficacy
against insects, and after processing. Australian Journal of Experimental Agriculture.
27:309_312.

Enyi, B. A. C. (1973). Effects of intecropping maize or sorghum with cowpeas, pigeon peas or
beans. Experimental Agriculture, 9: 83-90.

Fisher, N.M. (1977). Studies in mixed cropping, seasonal difference in relative productivity of
crop mixtures and pure stands in the Kenya highlands. Experimental Agriculture,
31:187-191.

Gupta, H. S., Agrawal, P. K., Mahajan, V., Kumar, A. Verman, P., Srivastava, A., Saha, S.
Babu, R., Pant, M. C. and Mani, V. P (2009). Quality protein maize for nutritional
security: rapid development of short duration hydrids through molecular assisted
breeding. Current Science 96(2): 230-237.

Ibeawuchi, 1. I; Opara, F. A; Tom, C. T and Obiefuna, J. C 2007. Graded replacement of
inorganic fertilizer with organic manure for sustainable maize production in Owerri,
Imo State, Nigeria. Life Science Journal 4(2):8287 (ISSN:1097-8135).

International Institute of Tropical Agriculture (2009). Research for Developing Cereal and
Legumes system. Pp. 35.

Kader A. A. (2003). A perspective on Post-harvest Horticulture (1978-2003). Journal of
Horticultural Science. 38,1004-1008.

IIARD — International Institute of Academic Research and Development Page 57



http://www.iiardpub.org/
http://www.cometonigeria.com/

International Journal of Agriculture and Earth Science E-ISSN 2489-0081 P-ISSN 2695-1894,
Vol 5. No. 3 2019 www.iiardpub.org

Kang. T.A. (1975). Effects of inoculation and nitrogen fertilizer on soybean in western Nigeria.
Experimental Agriculture, 11: 23 -31.

Khakame, S. K., P. Likhayo, F. M. Olubayo and J. H. Nderitu, (2012). Effect of grain moisture
content and storage time on efficacy of inert and botanical dusts for the control of
Sitophilus zeamais in stored maize. Journal of Stored Products Postharvest Research
3: 145-151.

Kumar, D. and Kalita P. (2017). “Reducing Postharvest Losses during Storage of grain Crops
to Strengthen Food Security in Developing Countries” Foods 6.1 (2017):8.

Korunic, Z, Fields P. G, Kovacs M. 1. P, Noll JS, Lukow O. M, Demianyk C. J, Shibley K. J.
(1996). The effect of diatomaceous earth on grain quality. Postharvest Biology
Technology. 9:373-387.

Lesoing, G.W. and Francis, C.A. (1999). Strip intercropping effects on yield and yield

components of corn, grain sorghum, and soybean. Agronomy Journal, 9: 809 — 813

Mandimba, G.R. and Mondibaye, R. 1996. Effects of inoculation and N- fertilization on
soybean grown in Congo soil. Biological Agriculture and Horticulture, 13: 197 — 204.

Mann, J. D. and Jaworski, E. G. (1970). Comparison of stressed which may limit soybean
yields. Crop Science. 10:620-624.

Manyong, V. M., Smith, J.,.Weber, G. K., Jagtap, S. S. & Oyewole, B. (1996). Macro-
characterization of agricultural systems in West Africa: An overview. Resource and
Crop Management Research Monograph, 21. Ibadan, Nigeria: The International
Institute of Tropical Agriculture (I1TA).

Mbah, E. U., Muoneke, C. O. and Okpara, D. A. (2007). Effect of Compound fertilizer on the
yield and productivity of soybean and maize in soybean/maize intercrop in southeastern
Nigeria. Tropical and Subtropical Agroecosystems. 7:87-95.

Okpara, D.A., Nwajiugo, U.C. and Ibiam, B. (2002).The response of soybean to nitrogen and
potassium fertilization in the forest belt of south eastern Nigeria. Tropical Oilseeds
Journal. 7: 53 — 61.

Olasantan, F.O. and Lucas, E.O. (1992). Intercropping maize with crops of differing canopy
heights and similar or different maturities using different spatial arrangements. Journal
Agriculture Science and Technology, 2: 13-22.

Parsaeyan, E., M. Saber and S. Vojoudi (2012). Lethal and sublethal effects from short-term
exposure of Callosobruchus maculates (F.) (Coleoptera:Bruchidae) to diatomaceous
earth and spinosad on glass surface. Acta Entolmology Sin 55: 1289-1294.

Tefera T., et al., (2011). “The metal silo: An effective grain storage technology for reducing
postharvest insect and pathogen losses in maize while improving smallholder farmer’s
food security in developing countries” Crop Protection 30.3: 240-245.

Tinsley, R. 1. (2009). Post-harvest Handling and Seed Quality Evaluation of Selected Value
Chain Commodities in Nigeria. NFAWAS/SeedsUSAID/MARKETS., Pp. 8.

Willey R.W. (1990). Resource use in intercropping system. J. Agric. Water Management, 17:
215-231.

World Bank (2011). “Missing food: The case of postharvest grain losses in Sub-Saharan
Africa”. Washington, DC: The World Bank (2011): 116.

Wu, T. Y., Schoenau, J. J., Li, F. M., Qian, P. Y., Malhi, S. S and Shi Y. C. (2003). Effect of
Tillage and rotation on organic carbon forms in chernozenic soils in Saskatchen.
Journal of Plant Nutrition Soil Science 166:385-393.

IIARD — International Institute of Academic Research and Development Page 58



http://www.iiardpub.org/

International Journal of Agriculture and Earth Science E-ISSN 2489-0081 P-ISSN 2695-1894,
Vol 5. No. 3 2019 www.iiardpub.org

Figure 1. Field and storage experiments
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