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Abstract. Biodiversity and sustainable income are very necessary in ecosystem stability. The food value
chain (FVC) introduced in Nigeria to transform agriculture is commendable because through the system
farmers receive various incentives as highly subsidized inputs from government and loans of low interest
rates from designated Agricultural Banks and Central Bank. However, the system encourages specialization
in the production of the reference crops but intercropping and mixed cropping systems practiced by most
small-holder farmers because of its inherent advantages is de-emphasized or completely abandoned. This
paper presents the results of two surveys of sole pepper and maize growers in 2015 and 2016 respectively
as affected by sudden stoppage of rainfall in Nsukka area. The analyses showed that on the average > 70 %
of the pepper farmers lost = 65 % of their pepper fields while = 57 % of the maize fields were lost. For a
substitute intercropping system, plantain yield data from plantain plus moringa intercrop trials carried out in
2014 and 2015 were analyzed and projected to incorporate a food crop within inter-alleys. The mean
plantain yields from the trials were 20 kg plant™ for fresh bunch and 7 suckers stand”. Based on a 6 m x
5m (=330 plants ha™) spacing and the 2016 prices of bunches and suckers, these yields translated to a
minimum net income per annum of N 1 320 000.00 (N 330 000.00 from bunches and N 990 000.00 from 6
suckers (net) stand™). Proceeds from the food crop, moringa seed and leaf extracts used as liquid fertilizer
took care of the cost of other inputs and cultural practices. The inter-row spacing of 6 m allows mechanical
cultivation of any food crop by the farmer. This system was considered a reliable insurance against climate
change and pest insurgence and can be adopted by farmers in the entire southern Nigeria because both
plantain and moringa can do very well in the subregion.
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Introduction one crop and in most cases add some animals e.g.
poultry, goat and/or sheep but at a small scale
also. It is well known that over 70 % small holder
farmers in Southeastern Nigeria produce their

crops in mixtures [1, 12].

A network of stakeholders involved in growing,
processing and selling the food that consumers
eat - from farm to table constitutes the food
value chain for that particular crop. Thus this

comprise the producers, processors, distributors,
and consumers as well as governments, non-
governmental organizations (NGOs) and regula-
tors that monitor and regulate the entire food
value chain from producer to consumer [5]. The
food value chain introduced in Nigeria to trans-
form agriculture was aimed at waging the war
against food insecurity arising from the surging
population increase. The food value chain system
encourages specialization in the production of a
particular crop by a farmer which does not fa-
vour biodiversity. The traditional small-holder
farmers in Nigeria generally produce more than
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The latest statistics [8] indicates that the contri-
bution of agriculture to the GDP in Nigeria is
23 %, to non-oil exports earnings is 75 % and
70% of the labor force is in agriculture but agri-
culture’s share of Federal budget is 2.0 % only.
The report recognizes that Nigeria is facing two
key gaps in agriculture today: an inability to meet
domestic food requirements and an inability to
export at quality levels required for market suc-
cess. The former problem is a productivity chal-
lenge driven by an input system and farming
model that is largely inefficient [8]. Putting Nige-
ria’s agriculture sector on a path to growth will
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require actions to solve these two gaps: produce
enough fresh, high quality foods for the Nigerian
market; and serve the export market successfully
and earn foreign exchange [8]. It has, however,
been argued that food insecurity being orches-
trated in Nigeria is man-made [4]. The present
Agricultural Promotion Policy (APP) which is
building on the successes of Agricultural Trans-
formation Agenda (ATA) is plausible as a lot of
the guiding principles of the APP are “carryovers
from ATA reflecting the desire for policy stabil-
ity” [8].

Agricultural financing is critical for producers of
all sizes (from small-holder farmers, medium size
farmer and larger commercial farms) as well as
to properly-functioning input supply markets,
processors and traders [8]. However, small-
holder farming system from where currently the
bulk of the food in Nigeria is produced appeared
not to be properly captured in both the ATA and
APP food production guides yet their number is
the highest when private sector farmers are con-
sidered. Both ATA and APP emphasize that agri-
culture should be private sector driven but 70 %
of the labor force in Nigeria is in agriculture and
most of these farmers are small-holder farmers.
Limited investment and low productivity of
small-medium scale producers and the private
sector/ investors are due to poor access to land,
finance, fertilizers and low soil fertility in Nigeria
[8] and this will worsen as specialization in pro-
ducing a specific crop or animal is a requirement
for getting support from the government under
the food value chain programme.

Plantain is a major staple food in Africa, Latin
America, and Asia. Four African countries have
the highest per capita consumption of ba-
nana/plantain in the world, with Uganda having
the highest. They provide food security and in-
come for small-scale farmers who represent the
majority of the producers [9].

According [7] Moringa oleifera is a fast growing
tree native to South Asia and now found
throughout the tropics. It is sometimes described
as the “miracle tree”, “drumstick tree”, or “horse-
radish” tree because of its health and agricultural
uses. The ratio of moringa extract to water
should be 1:30 when used as a liquid fertilizer.
To attain the maximum yield of most crops, the
dilution can be used as the best foliar applicator
to enhance yield because the extract is rich in
NPK along with other wonder nutrients and trace
minerals. Again moringa leaf extract applied on
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the crops does not harm bees, wasps and butter-
flies but helps to control all other pests even ro-
dents [7].

Climate change is one of the major concerns
nowadays as agricultural crop production is most
vulnerable to these changes since any change in
climate translates to change in weather which is
an important factor in agriculture [10]. Periodic
sudden cessation of rain and inconsistent occur-
rence of August break in the month of August in
southern Nigeria often results to crop failure and
the poor performance of second season crops
especially maize [2]. The implication of the cur-
rent agricultural agenda is that researches on
intercropping should be refocused to ensure bio-
diversity and food security against climate
change.

This paper analyzed the value of plantain plus
moringa mixed alley intercropped with food
value chain crop as an alternative intercropping
system that can promote crop production where
the small-holder farmers can guard against cli-
mate change effects and complete loss of income
and in addition promote biodiversity, stable in-
come and prevent unexpected crop failure aris-
ing from climate change and thus enhance food
security.

Materials and Methods

Location of the study. Nsukka is located by Lat.
060 52’N, Long. 070 24’E within the derived sa-
vanna zone of Eastern Nigerian. It is on an aver-
age elevation of 447 m above sea level. It has two
seasons namely the rainy and the dry seasons.
The former lasts from April to October with a
short break (August Break) in the month of Au-
gust. Average annual rainfall is about 1550 mm
and more than 85 % of this rain falls within the
rainy season. The average minimum and maxi-
mum temperatures are about 22 and 30 °C re-
spectively while the average relative humility is
rarely below 60 % [2]. The soil was formed from
the residua of false-bedded sandstone and has
been classified by [3] as Rhodic Kandustalf (Hap-
lic Lixisol). Nsukka location meets the biophysi-
cal requirement for the growth of most tree and
arable crops including plantain and moringa [11].

Field trials and survey. Plantain plus moringa mix-
ture trial. In 2013 tall (3.2-3.6 m) high yielding
plantain variety (Musa spp) from existing planta-
tion at the UNN farm was selected. The selection
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was from a stock that the characteristic of pro-
ducing two bunches per stand and suitable for
intercropping. Four suckers each constituted a
replicate in the mini-plot giving a total of twelve
stands for the three replicates arranged in alley
of four stands. They were planted in holes 30 cm
long x 30 cm wide x 50 cm deep and spaced 3 m
intra-alley by 4 m inter-alley. These were pur-
posely done to accommodate planting of yams
that use moringa stands as life stakes. Before
placing the suckers in the holes, cured 2 kg of pig
dung was introduced into each of the holes and
then covered with earth up to 25 cm after sucker
placement. Planting was done in June, This fol-
lowed farmers’ practice in the area. Again weed-
ing, earth- mulching and staking were done ac-
cording to farmers’ practice. Six stands of plan-
tain labeled 1-6 at the central rows and columns
were used for data collection. Fresh bunch yields
and the number of suckers of mature saleable
size were recorded in August 2014 and 2015.
The data were used to estimate the expected
value of the plantain in the plantain plus moringa
mixed alley system for small-holder farmers for
possible introduction of food crops.

Two field surveys were carried out in April-May
2015 and May-June 2016. They were based on
the information on the effects of sudden cessa-
tion of rainfall on pepper and stem borer attack
on maize respectively.

For the survey on pepper, three locations in
Nsukka Local Government areas namely Odoru
Nsukka, Lejja and Ede-Oballa were purposively
selected as they are known for the production of
Nsukka yellow pepper known as “Ose Nsukka”.
Ten fields were selected in each location and
their owners were interviewed. With simple
questionnaires, data on their age, education, ex-
perience in pepper farming and extent of the loss
due to the short drought were obtained.

The survey done for early maize was to capture
the effect of outbreak of stem borers due to a
sudden break in rainfall. The study was done at
the University of Nigeria (UNN), Nru Nsukka,
Obukpa and Ede-Oballa. The proportion of the
fields visited that was damaged by the borers
was estimated visually and ranged from 10 to 20.

Results and discussion

Table 1 shows the characteristics of the pepper
farmers while Table 2 presents the colossal
losses of pepper and maize encountered by the
farmers in Nsukka area in 2015/2016. These
were clearly associated with unexpected drought
and stem borer attack.

Table 1 - Effect of sudden drought on pepper at Nsukka in 2015 obtained from ten farmers in each location

Farmer’s Background Loss to drought
Location Statistics | Age (yrs) Ed_ucatlon Experience in farming (yrs) (% of entire holding)
(yrs in school)
Range 30-56 6-12 3-8 45-95
Ede-Oballa Mean 42.3 6.5 5.2 75.6
Cv (%) 28.6 42.7 32.8 34.5
Range 35-57 6-30 2-12 35-65
Odoru-Nsukka |Mean 46.5 124 8.8 57.8
Cv (%) 24.8 38.5 41.4 23.6
Range 31-60 6-18 5-10 50-75
Lejja Mean 47.8 9.1 8.4 65.2
Cv (%) 27.3 24.7 20.4 35.1

In the case of pepper farmers, from the Table 1, it
is clear that all of the farmers are of age (average
> 42 yrs), fairly educated (average = 7 yrs in
school) and experienced (average = 5 yrs in pep-
per farming) so that the issue of negligence was
not the cause of the losses. One of the farmers
who could not muster courage because he lost
over 90% of his entire holding was reported to
have committed suicide at Ede-Oballa location.
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From Table 2, stem borer attack was sporadic
and it came before tassling and spread fast affect-
ing most of the fields in the area visited. Most of
the farmers interviewed informally applied all
sorts of insecticides including furadan but they
appeared to be ineffective. Even at UNN, fields
owned by the fourth year industrial training stu-
dents of the Faculty of Agriculture were among
the hardest hit (Figure 1). Climate change is one
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of the major concerns nowadays as agricultural
crop production is most vulnerable to these
changes since any change in climate translates to

change in weather which is an important factor
in agriculture [10].

Table 2 - Proportion of maize field of over 40% stem borer attack in Nsukka in May/June 2016

Location Number of fields visited Proportion of attacked (%)
UNN farms 15 60
Nru (common boundary with UNN) 20 45
Obukpa (common boundary with UNN) 12 52
Ede-Oballa (four km south of UNN) 10 56
Mean 14.2 56.7

Figure 1 — Abandoned maize field seriously hit by stem borer at UNN

Weather also controls the outbreak of diseases.
C.Asadu [2] has shown that one of the major
constraints frustrating second season maize
cropping in Nsukka is the break in rainfall within
the “August Break” because there was always
outbreak of stem borers.

A plantain plus moringa alley intra-row mixture
would serve as alternative to insurance against
total crop failure associated with climate varia-
tion and pest insurgence from the results of a
mini-plot trials (Tables 3). This would also meet
the crop production specialization requirements
the food value chain.

From the mini-plot trial an average of 20 kg fresh
bunch of plantain per plant was obtained for the
2 yrs (Table 3).

Only one of the six stands (No 4) produced two
bunches 2015 (Table 3, Figure 2) with a total
bunch weight of ~ 31 kg .It was the highest yield
that year and that was = 56 % above the overall
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average yield of 20 kg stand! showing that dou-
ble bunch has overriding advantage over single
bunch yield.

Table 3 - Plantain fresh bunch yield and Yield of
Plantain suckers at Nsukka in 2014 and 2015

Plantain fresh bunch

yield at Nsukka in Yield of Plantain suck-

Plant 2014 and 2015 ers at Nsukka in 2014
No. (kg plant) " | and 2015 (No plant)

2014 2015 2014 2015

1 22.5 20.5 4 6
2 12.8 16.8 6 5
3 15.6 14.6 7 8
4 24.2 31.2 8 9
5 23.1 23.1 5 6
6 20.4 15.4 7 8
Mean 19.8 20.3 6.2 7.0
Cv (%) 23.1 15.6 23.7 22.3

However, the production of two bunches by one
stand was noted to inconsistent even from the
observations in the current year (2016) data.
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The number of suckers ranged from 4 to 9 suck-
ers per plant with a mean for the two years of 7
suckers plant! (Table 3). Plate 3 shows a plant
stand with nine suckers in 2015. Sucker produc-
tion is also a money yielding business in the area.

Figure 2 - A single stand of plantain with two
bunches at Nsukka

Figure 3 - Plantain stand with nine suckers in 2015
indicating how prolific the stand was

From market information obtained from two
Nsukka markets, the price per bunch ranged
from N 500.00 to N 2 000.00 with a mean of
about N 1000.00; that of suckers ranged from
N 350 to N 1000 with a mean of about N 500.00.
Considering the mean number of suckers 6 per
plant (7 less one sucker used for planting) this
translated to approximately N 3, 000 per stand
per year.

The spacing of 5 m x 6 m would accommodate
the tractor movement between the inter-row al-
leys but gives a plant population = 330 of plan-
tain stands per hectare. From the results of the
mini-plot trials above, a farmer could realize
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N 990 000.00 per year from suckers and
N 330 000.00 from sale of bunches giving a total
of N 1320 000.00 per annum from plantain
alone. This was considered the minimum net
profit as the other input costs would be less than
proceeds from both the food crop and moringa
seeds and leaf extracts. The data on the food
value chain crop were not presented because the
proceeds would far exceed the cost of other in-
puts and it is well known that the efficiency of
crop mixtures often far exceed that of sole crop-
ping [4, 6]. Other advantages from the system are
derivable from the joint weed and pest control
for both the food value chain and plantain; con-
tribution of moringa as a legume in nitrogen fixa-
tion as well as the health benefits of moringa
seeds [7]; the insurance against crop failure as-
sociated with climate change and pest attack as
well as compliance with food value chain re-
quirements. Plantain plus moringa alley cropping
is highly suitable for the entire southern Nigeria
because the normal climatic variables required
by plantain according to [11] namely: annual
rainfall of 1000-3000 mm; temperature of 27-
35°C; dry months of 3-7 months/yrs are what
prevail in the subregion. Moringa and its extracts
can provide organic and all-natural alternative to
the harmful chemicals for crops, gardens, and
lawns ensuring amazing increase in yield and
quality of product with a great soil quality even
after harvesting and making the planet green [7].
Therefore, plantain plus moringa intra-row alley
spacing of 5 m and inter-row spacing of 6 m is
recommended for the small-holder farms of
southern Nigeria so as to accommodate the food
value chain of the APP agenda.

Conclusion

The prevailing traditional mixed cropping system
by the small holder farmers that form greater
proportion of the food producers in southern Ni-
geria could have plantain + moringa alley inter-
cropped food value chain as an alternative sys-
tem. This system insures against total crop fail-
ure and income loss associated with climate
change and also encourages biodiversity which is
necessary for sustainable environment. Evidence
of climate change effects devastating pepper and
maize crops were presented to affirm the need
for the farmers not to “carry all their eggs in one
basket” in order to ensure food security.
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Moapep)Ka 6MoNOrMYeCcKoro pa3Hoo6pasus U JOXOAHOCTH ManbiX pepMepcKux
xo3siicTB B l0)Hoi1 HUrepun c npumeHeHneM cUCTEMbI NULLEBOI LLEHHOCTH
B U3MEHSIOLLUXCA KNMMaTUYECKHX YCIIOBUSAX

Asadu Charles Livinus Anija
University of Nigeria, Department of Soil Science, PhD, Professor, Hurepus

AHHoTauma. bruopasHoobpasue 1 yCTONYMBbIN AOXOA UMEIOT BaXXHOE 3HaYeHMe B CTabUIbHOCTM 9KOCUCTEMBI.
Llenouka A06aBNEHHO CTOMMOCTM MPOAYKTOB MWUTaHWSA, BBeAeHHas B Hurepuu pna TpaHchopmaumm
CeNbCKOro X03AMCTBa, 3aCNy)XUBaeT BbICOKON OLIEHKM, TaK Kak Yepes faHHyl cucteMy Gepmepbl noayyatoT
pasiMyHble CTUMYNbI, TakKue Kak BbICOKOCYbCMAMpYyeMble BKafbl CO CTOPOHbI NPaBUTENbCTBA U KPEAUTbI C
HU3KUMM MPOLEHTHbIMU CTaBKaMM OT LLENEBbIX CENbCKOXO3ANCTBEHHbIX 6aHKOB U LleHTpanbHOro 6aHka.
HecMoTpss Ha TO, 4YTO cCMUCTemMa MOOWPSEeT chneyuanusauuio B MNPOM3BOACTBE 3TaNOHHbIX KYNbTyp,
MeXAypAgHble W CMeLllaHHble CUCTeMbl BO3JeNbiIBaHUA CeJIbCKOXO3ANCTBEHHbIX KYNbTyp, MpakTUKyemble
60MIbLIMHCTBOM MeNKuX GpepmMepoB K3-3a NPUCYLLUX UM MPEUMYLLECTB, ABAAKOTCA O0CNabNEHHbIMU UK Xe OT
HUX TMONHOCTbK OTKasblBalTCA. B paHHOW CcTaTbe MpeAcTaB/eHbl pesynibTaTbl  OMNPOCOB  [BYX
npoussoguteneil nepua n Kykypyabl B 2015 1 2016 rogax COOTBETCTBEHHO, KaK MOCTPajaBLUNX OT BHE3AMNHOro
npekpaweHus poxaen B panoHe Nsukka. AHanusbl nokasanu, yto B cpegHeM > 70% depmepos,
BblpalMBaKOLWMX Nepew, notepsnn = 65% cBoux nonen, B TO BPeMSA TONbKO = 57% nonen KyKypysbl 6biau
noTepsHbl. [115 3aMeHbl CUCTEMbI MPOMEXYTOUHbIX KYNbTYp, 6bl/IM NPOaHanM3nMpoBaHbl faHHbIe YPOXanHOCTH
NOAOPOXHMKA NpK MPOGHOM MEXAYPALHOM BbIpalLyBaHUM NOAOPOXHMKA W KyNbTypbl moringa B 2014 1 2015
rogax. bbino 3annaHupoBaHO NPUMEHWUTb MEXAYPSAHOe BblpaliuBaHWe [AaHHOW NPOAOBOJIbCTBEHHOM
KynbTypbl. CpefHUii BbIXOA YPOXANHOCTM MOJOPOXHMKA MPU WCMbITaHWM cocTaBun 20 Kr pacteHuit” ans
Myyka 3eneHn u 7 6oKoBbIX 0TPOCTKOB'. Ha OCHOBaHWUM pacyeToB NpW MHTEPBaNe BbICAXMBAHNA 6 M X 5 M
(=330 pacTeHus ra'1) W LieH Ha CBeXWe Ny4kn n oTpocTkm B 2016 roay 6bin onpeAeneH MUHUMAaNbHbIA YNCTbIN
poxop B rog ot N 1320 000.00 (N 330 000.00 ot nyukos 1 N 990 000.00 ot 6 oTpocTKOB (HeTTO0). [loxoapl OT
NPOAOBONbLCTBEHHBIX KYSIbTYP, CEMAH MOringa u 3KCTPaKTOB U3 JIMCTbEB, UCMONb3YEMbIX B KAYECTBE XUAKOr0
yA0OpEHNS, NOKPbINKM CTOMMOCTb APYrUX PacXoA0B M KyNbTYpHbIX NpakTuK. Mexaypsagbe B 6 M nossonset
MeXaHWYecKoe KyNbTUBUPOBaHMe GpepmMepoM 060 NULLEBON KyNbTypbl. ITa CUCTEMA CUNTAETCA HaZLEXKHbIM
CTPaxoBaHMEM OT U3MEHEHUs KNumata 1 60pb0bl C BPeAUTENSMU U MOXKET NPUMEHATbCA Gepmepami BO BCEN
FOXKHOW YacTu Hurepuu, NOTOMY 4TO U NOAOPOXHUK W Moringa MOrYT AaBaTb XOPOLLYH YPOXKAWHOCTb B 9TOM
cybperuoxe.

KnioueBble cnoBa: MeXAypsIHOE BbipallMBaHUE;, KNMMATUYECKUE W3MEHEHUS; MpPOA0BONbCTBEHHANA
6e30MacHOCTb.
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