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Shortage of organic matter hinders agricultural production in the Sahel, and this lack of enough organic
matter is more severe for peri-urban horticulture, which depends heavily on it. Alternative sources of
organic matter that offer new options for peri-urban horticulture can help reduce the potential for con-
flict over finite resources between traditional crop production and peri-urban horticulture. Both agro-
nomic and economic evaluations of an organic amendment called heated sewage sludge (HSS) were
conducted in the research station of International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT)-Niamey, Niger, West Africa. For this study, HSS, a material imported from Japan, applied at a
dosage application equivalent to 20.0 kg 108 m~2 on lettuce fields led to production levels as high as
Net returns those of conventional methods, and the yield became even higher than those of ¢onventional methods
Millet-based cropping system when the dosage was increased to 50.0 kg 100 m™2 and 100.0 kg 100 m~2. Even though H$$ was
Sahel imported, its benefits outweighed its cost, as evidenced by the positive net returns, Since profitability
in peri-urban horticulture is much higher than that of traditional crop production, the results of this
study irply that if adopted, the use of HSS can lead to increased availability of organic matter for tradi-
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tienal cropping systems.
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1. Introduction

Peri-urban horticulture is becoming an important practice in
the sub-Saharan Africa as it contributes to poverty alleviation for
subsistence smallholder households by enhancing their income
generation (World Vegetable Center, 2007). However, for re-
source-poor countries such as Niger, insufficient organic miatter
supply in peri-urban agriculture is a problem as production re-
quires large quantities of organic amendments using organic mat-
ters such as farmyard manure and crop residues.

Farmyard manure and crop residues are two of the traditionally
used organic resources in Niger, and both are important for upland
production of millet, sorghum, and cowpea. Many scientists have
pointed out the importance of those organic matters for highly de-
graded sandy soils {Batione and Mokwunye, 1991a; Bationo and
Buerkert, 2001; Yamoah, 1998) and concluded that their judicious
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utilization in agriculture due to the scarcity of existing resources is
critical for maintaining or increasing production (Schlechr et al,,
2004), Equally critical are issues of income generation and utiliza-
tion of crop residue for livestock feed, which results in large quan-
tities of crop residues being sold by farmers ({Bationo and
Molkwunye, 1991b). Since agricultural production in the country
depends highly on upland rainfed cereal production, there is a seri-
ous competition between the traditional crop production and peri-
urban horticulture for the usage of the remaining available organic
matter. Agricultural research has been locking into this problem
and especially trying to find how to make organic amendments
available to both traditional crop production and peri-urban horti-
culture as both are very important to increase foed security and
income.

Heated sewage studge (HSS) as an organic amendment for agri-
cultural production has been studied in Japan, and its profitability
has been documented (Moritsuka et al, 2006; Matsuoka et al,,
2006). Despite its prefitability, the amount of this material for
the purpose of agriculture or reforestation was estimated to ac-
count for only 14% (Moritsuka et al,, 2006), and this was due to
the slackening in growth of agriculture in Japan. Even though
HSS could potentially help enhance agriculture production, it has
never been tested for agronemic and economic performance in
Niger.
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The objective of this study is to evaluate the agronomic and eco-
ymic performance of HSS, imported from Japan, in peri-urban
srticulture in the Sahel,

Materials and methods
1. Site description

The experiment was conducted at the research station of Inter-
itional Crops Research Institute for the Semi-Arid Tropics (ICRI-
\T)-Niamey, Niger, West Africa, which is located in the Sahelian
wo-ecological zone. In this region, there are two main seasons,
rainy season from June to October and a dry season from Novem-
T to May. A mono-modal rainfall pattern during the rainy season
15 an annual average of 560 mm, the highest being the month of
lgust. Agriculture is the most irnportant economic activity of Ni-
i, with 90% of the population directly engaged in different agri-
ntural production activities. Rainfed producticn is the main
rricultural system for cereal crops such as millet (Penniseturn
aucum) and cowpea (Vigna unguiculata), and the cultivated area
approximately 99% of the total agricultural area and 70% of the
ital agricultural production. Although vegetable production used
» be the alternative production system during the dry season, it
becoming an important income-generating activity for small-
slder households of the peri-urban area due to changes in the
ymsumption patterns among urban populations. The main types
" vegetables grown in Niger and their annual production are
wown in Fig. 1. Lettuce is among the most frequently produced
:getables in the country and is being used for this evaluation.

2. Heated sewage sludge (HSS}

Kurita Co., Ltd. in Japan produced a HSS derived from human
ight soils and urine treatment plants. This is a new technology
| which sewage sludge is heated at comparatively low tempera-
wres of approximately 150-180 °C, a process that eliminates neg-
ive factors such as high moisture content, offensive smell,
athogenic problems in sewage sludge, and bulkiness, which are
mventional constraints for utilization of such material. Because
1e process does not involve burning, nitrogen contents are never
zcreased (Matsucka et al., 2006). After the heating, the material
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Table 1
Nutrient facts and assessment of heavy metals content in HSS along with supervisory
faw of fertilizer in Japarn. Referred from Matsui et al. (unpublished data).

Parameter Results Unit Thresheld value
pH R : % HS:H;0=1:10 - !
o.M 234 (%) -
M.Ct 69,23 €3] -
T-N 552 (%) -
P05 5.08 (%) -
K20 031 (%) -
Ca0 1.39 (%) -
MgC _ 0.51 (%) -
= Organic C 3359 . (%) -
Alkalinity 2.4 {%) . ‘ ’ -
CiN 6.1 - -
Hg 1.05 mg/kg DMW 2
As 2.7 mgfkg DMW 50
cd ) 2.2 mglkg DMW 5

2 Organic matter content,
b Moisture content.

hecomes a grain-like substance and can be easily applied to the
field as a chemical fertilizer. HSS contains higher amounts of nitro-
gen and available phosphorous compared to local materials such as
manure, and its heavy metal contents are below the threshold va-
lue (Table 1). HSS was used in previous studies that showed high
potential in production of komatsuna plants (Brassica campestris
L. var, rapa) (Moritsuka et al.,, 2006; Matsuoka et al., 2006). HSS
for the study was purchased from the Tsutsumigadani center, the
Association of environmental hygiene in Kyonan subdivision in Ja-
pan at a price of US$ 0.13 per 20 kg.

2.3. Experimental design

The experiment was conducted from December 2002 to Febru-
ary 2003, which is the season for vegetable production in Niger. A
plastic pot {0.22 m in diameter and 0.23 m in depth) was used,
with the soil taken from the experimental field of the research sta-
tion. The chemical characteristics of the soil used for the experi-
ment were as follows: pH (H,0)=5.3, 0.9% of organic carbon
content, 4.2 mg kg™ of available phosphorous (Bray 1 method),
and 160.6 mg kg~! of total nitrogen. The experiment was designed
in a split-plot with varieties as a main factor and fertilization as a
sub-factor. The lettuce varieties Noga (NG), Aviram (AV), and Great
Lakes (GL} were obtained from ICRISAT-Niger and used for the
experiment. Dosages of HSS application were as follows: T1=0.5
kg 100m~2 (0.03kgN100m™2%), T2=1.0kg100m™=* (0.05kgN
100m™2), T3=25kg100m™2 (0.14kgN100m2), T4=50kg
100m=2 (027 kgN100m™2), T5=100kg100m=2 (0.54kg
N100m™2), T6=20.0kg100m2 (1.08 kgN 100 m~2), T7=50.0
kg 100 m™2 (2.70 kg N 100 m~2), T8 =100.0kg 100 m~2 (5.41 kg N
100m~2). A conventional application method with 3.75kg of
NPK (N:P205:K;0 = 15:15:15) 100m™2 (T9; 0.56 kgN100m=2)
and 3.75kg of NKP 100 m~2+200 kg of farmyard manure (FM)
100 m~2 (control; 2.56 kg N 100 m ) were also designed as a com-
parison to the treatments. 0.4 | of irrigated water per day were ap-
plied to each pot throughout the period of experiment.

2.4. Economic analysis

Net return was used to determine the feasibility for the utiliza-
tion of HSS in peri-urban horticulture of the Sahel. Net return was
calculated with the following formula:

r=R—ZC

where r is net return, R is the revenue obtained by multiplying per
unit price and yield, and C is the cumulative total cost estimated
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Table 2
Parameters for economic analysis.
Parameter . Quantity Price
{kg 100 m™2) (USs kg1
(1) Lettuce product - 213
(2) Lettuce seed 0.003 127,66
(3) Eield work (PDE) 0.2° 3.19°
(4) Organic amendment (Cow manure) - 200 0.21
{5) lnorganic amendment (NPK} 3.75 0.55
(6) Humificated sludge 20 0.4°

* Retailed price, 1 US$ =470 FCFA.
® Unit is PDE 100 m~2 for quantity and US$ PDE™ for price.
© Estimation based on total cost of shipment.

with each unit price presented in Table 2. Actually, this net return
should be understood as a return to capital and management be-
cause their opportunity costs were not accounted for in the
calculations,

Two pricing scenarios for the HSS were used. In scenario 1, it
was assumed that the HSS would have the same price as a locally
available inorganic fertilizer, NPK (15-15-15) formula in this case.
The price of NPK was a direct quote from Centrale d'Approvisione-
ment du Niger (CAN), a government agency in charge of importing
and selling fertilizers and other inputs.

In scenario 2, the Cost-Insurance-Freight value (CIF) of direct
importation from Japan by a private agent was used. The CIF was
estimated by MAERSK {an international shipping company) in Nia-
mey, and the estimated cost was 11,659,13 US$ per 40 tones size
of container. Note that no import tax was added since Niger has
stopped taxing agricultural materials in an effort to boost
production.

The yields obtained in the experiment were converted to the
100 m~2 one based on the recommended density for lettuce pro-
duction in Niger of 2500 hills 100 m~2 An average price of lettuce
of 2.1 US$ kg~! was used. In addition, given the high seasonal var-
jation in lettuce prices, a sensitivity analysis was conducted using a
50% increase and decrease in lettuce price.

3. Results

3.1. Performance of heated sewage sludge (HSS} on vegetable
production

The fresh weight of lettuce preduction is shown in Table 3, With
conventional practice (designated as control), the varieties NG, AV,
and GL produced 77.3, 94.7, and 95.3 kg 100 m~7, respectively.

Table 3
Comparison of productivity of lettuce produciion between conventional practice and
different dosages of HSS applications.

Tredtment Yield (kg 100m~2)

NG AV GL
Control (2.56kg N 100m™?)  77.27 ¢ 9467 od 9529 ¢
T1(0.03kg N 100m™) 1,74 d 187 e 144 e
T2 (0.05kg N 100m2) 2.16 d 270 e 221 e
T3 (0.14kg N 100m2) 1.17 d 296 e 318 e
T4 (0.27kg N 100m™2) 2,04 d 438 e 654 e
T5 (0.54kg N 100m™) - 3.14 d 2588 e 1748  de
T6 (1.08kg N 100m™) 30.98 cd 9885 ¢ 7770 o
T7 (2.70kg N 100m™2) 179.567 b 33478 b 28614 b
T8 (5.41kg N 100m™2) 290,05 a 43050 a 42144 a
T9 (0.56kg N 100m2) 2.40 d 1869 e 1613 de
Mean 57.04 a 10229 b 9247 ab
Variety P <0.001
Treat P<0.001
Variety x Treat P=0.012

Yield data followed by same alphabet shows no significant difference at 5% by
DMRT.
* Average of four replications.

With treatments T1-T5 where dosages of nitrogen in H5S applied
ranged from 0.03 to 0.34 kg 100 m™2, yield for each variety was
still far below that of the control. The production started increasing
with T6 and became as high as that of the control. It became even
higher when the dosage of nitrogen was further increased to
2.70kg 100 m~2 (T7) and 5.41 kg 100 m~2 (T8). However, produc-
tion decreased again when fertilization was done using only inor-
ganic fertilizer, such as NPK (T9).

The results of statistical analysis on analysis of variance {ANO-
VA) test showed that there is a significant difference among varie-
ties and treatments. Combined effects of variety and treatment
were also significant because of obtained p value (0.012). Accord-
ing to the results of Duncan's multiple range test (DMRT), all vari-
eties produced much less than control when dosage was less than
0.54kg 100 m~2. Production at the dosage of 1.08 kg 100 m~?
showed a non-significant difference from control, and it became
significantly higher than control when dosages reached
2.70kg 100 m~2 and 5.41 kg 100 m™2. Among the varieties, AV
and NG were significantly different while AV and GL or GL and
NG were not. Fig. 2 shows the response curve of the lettuce produc-
tion to different dosages of nitrogen. This figure indicates that the
production of AV and GL had better response to the increase in
nitrogen dosage than that of NG, and this implies better efficiency
for those varieties in nutrient utilization.

3.2. Net returns of conventional production compared to HSS in
different scenarios

According to production results, T6, T7, and T8 had the highest
production among all treatments, and thus only these treatments
were evaluated for profitability. Net returns for each treatment
were calculated based on the total cost and revenue as explained
above and results compared with those of the conventional meth-
od. Table 4 shows that the revenue of T6 in scenario 1 was almost
the same amount as the control, although its total cost was 74%
lower than that of control, Only NG in this treatment resulted in
lower revenue compared to the control. When the dosage of HSS
was increased to 50 kg 100 m~2 (T7), total cost remained 39% low-
er than that of control, but the revenue for NG, AV, and GL became
134%, 254%, and 200% higher than that of control, respectively. At
the dosage of 100 kg 100 m—2 (T8), revenue for NG, AV, and GL be-
came 279%, 356%, and 342% higher than that of control respectively
while total cost increased by only 22%, A small difference in net re-
turn between the two scenarios was noted for all treatments. In
scenario 2, total cost was considerably lower compared to the con-
trol and even T8 showed 11% lower cost than the control in spite of
being the largest dosage among the HSS treatments,

500.0 -
YAV} = -13.356x 3+ 157.61x - 25.044
NG BAV AGL R = 0.9807
&~ 4000
's ¥ (GL)=-7.6046x7+ 123.71x - 19.847
=] R2=0,9841
I 300.0 4
z 5 (NG)= -2.09625%+ 68.317x - 13,445
_'9':_0 200.0 R*=09757
o U
E3
E
= 1000
0.0 4 T v
0.0 2.0 40 6.0

Nitro,;gen supply (kg 100m?)

Fig. 2. Response of three varieties of lettuce to different dosage of nitrogen through
HSS application.
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bie 4
tal cost and net return in peri-urban horticulture with the application of HSS.
Variety ' Yield Revenue Taotal cost Net return
- (kg 100 m™2) {Us$ 100 m—3) {Us$ 100 m~2) (US$ 100 m™2)
‘ Scenarin 1 Scenario 2 Scenario 1 Scenario 2
Control NG 77 © 163 45 - 117 . -
(FM 200 kg 100 m™2, AV 95 : 201 45 - 155 -
NPK 3.75 kg 100 m™2) GL 95 203 46 - 157 ' ) -
TG NG 31 66 12 g 54 . .57
(HS20kg 100 m™) AV 59 - 210 12 ] 198 .20
"GL 78 : 165 12 i ' 153 156
7 - ; NG 180 - ’ 382 28 21 354 361
(HS 50kg 100 m~2%) AV 335 712 28 21 - 684 - 691
A ' GL 286 609 28 21 581 588
T8 NG 290 - 8617 56 41 . 561 576
(HS 100 kg 100 m™?) AV. . 431 918 56 41 ) 860 875
' B « SR > 897 56 ! . 841 856

' Scenario 1 unit price of HSS = 0,39 US$ kg~", scenario 2 HSS=0.28 US§ kg~'.

~ The net return results indicate that for T6, only the variety AV
d better in terms of returns than the conventional, In fact, for
ie other two varieties, at the T6 dosage level HSS return was sig-
ficantly lower for the variety NG and slightly lower than that of
1e control treatment for the variety GL. At the higher application
ites of T7 and T8, all varieties have much higher returns than the
mventional practice (Table 4). In the second scenario, with a low-
- price for the HSS, the results remained the same in terms of
mking of the treatments.

A lettuce price sensitivity analysis was conducted to account for
le considerable seasonable price variability of lettuce in Niger.
/hen lettuce price was increased by 50%, only the magnitude of
1e net returns was increased, but that did not lead to any change
1 the choice of treatments. The HSS treatments at high dosage (T7
1d T8) are still better than the control. Even when lettuce was
1ade cheaper by 50%, the changes were negligible due to the big
ifferences in productivity noted earlier.

. Discussion

Vegetable production in peri-urban horticulture (available only
y a limited number of farmers in Niger) is a better alternative than
-aditional rainfed crop production for generating and enhancing
icome of the subsistence farmers in the region who have access
» it. Conventional vegetable production exhibited profitability
wough its net return, which ranged from 117 to 156 U$$ 100 m~—2
1our study. According to the previous study (Hayashi et al., 2008),
-aditional crop production of millet, which is the main staple crop
1 Niger, could only obtain its net return with 0.025 US$ 100 m™2
rithout fertilization and 0.079 US$ 100 m~2 with micro-dosing
rrtilizer application, This gap in benefits might lead to a situation
f skewed resource allocation toward peri-urban horticulture com-
ared to traditional cereals production. According to a survey of lo-
al producers in Niger, even smali-scale peri-urban producers tend
3 use intensive management by using more inputs such as time,
ibor, and fertilizer because they are aware of the higher profitabil-
y in peri-urban horticulture (data not shown). This will lead to a
ritical situation for traditional cereals production, which cannot
ompete with horticulture in terms of income generation. Thus,
wer of the inputs will go to traditional cereal producticn.

The importance of organic amendment in peri-urban horticul-
1re is well recognized (Weinberger and Lumpkin, 2007), and this
/as confirmed through the study. The lettuce production was far
elow the level of conventional methods when manure was not
pplied along with inorganic fertilizer. This complementarity was
scognized by farmers and led to increased prices of manure for
eri-urban horticultural activities. With the increased value of

manure, a serious competition has developed between its usages,
especially for traditional cereals production. On the other hand,
the organic resource in traditional agriculture is considered one
of the insufficient resources in this country {Schlecht et al,,
2004), and this constraint has been discussed over the years
through different studies {Bationo and Buerkert, 2001; Yamoah,
1998). Soil fertility is one of the critical constraints to increased
agricultural production in Niger, and utilization of locaily available
organic resources such as manure is imperative to mitigate the
problem. Most local farmers are subsistence farmers and, in the
current conditions, can afford to buy few or no amendments pur-
chase inputs (Abdoulaye and Sanders, 2006; Hayashi et al., 2008),
which makes organic matters more critical for tackling the soil fer-
tility problem. Nonetheless, increase in activities in peri-urban
horticulture will make organic resources scarcer than before for
rainfed production. Alternative sources of organic matter such as
HSS can play a crucial role in mitigating this serious problem and
creating a more balanced system in organic matter supply.

Despite high cost due to importation from overseas, our study
showed utilization of HSS is profitable, as evidenced by the positive
net return. Although the experiment was designed in pot scale and
thus the economic evaluation was carried out under conirolled
conditions, obtained information can be used as a guideline to de-
velop a suitable technology/system for HSS application, Further-
more, it will probably be ultimately even cheaper for Niger to
find ways to produce HSS locally and make it available to its hor-
ticulture farmers. In the meantime, the unit price could be reduced
through using an Official Development Assistance {ODA) scherne
based on bilateral agreement between Niger and Japan. An eco-
nomic feasibility analysis taking into account cost of production
factors in Niger should provide a better answer to the question
of local production versus import of HSS.

5. Conclusion

Alternative sources of organic matter for peri-urban horticul-
ture are needed in the Sahel to reduce the competition on finite re-
sources between the traditional and a more modern preduction
system. This study has shown that HSS, an imporied material from
Japan, can lead to lettuce production as high as the conventional
production practice at a dosage rate of 20.0 kg 100 m~2, Production
will become even higher when the dosage is 50.0 kg 100 m~2 and
100.0 kg 100 m~2, Although HSS needs to be imported from over-
seas, it is more profitable to use than the control practice, even
at a higher dosage. Since peri-urban horticulture is much more
profitable than traditional crop production, more investment
in purchased organic amendment could be possible in order to
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naintain required nutrients while leaving the farmyard manure to
‘he traditional system. In the near future, following economic fea-
sibitity studies, this organic amendment could be produced locally
n West Africa because its production process of controlled heating
s simple, and it is hoped that this can lower its cost and help dis-
'eminate this organic material in the Sahel of West Africa.
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