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Abstract

Witchweed, (Striga hermonthica (Del.). Benth) is a major threat to the realization of yield potentials of cereal crops especially
maize. This study was designed to determine the economic benefits of IR coated hybrids against local landraces in western
Kenya. The experiment was laid in a Randomized Complete Block Design with three replications. Data on the prices of
fertilizer and seed was collected from the Agro-shops around the study site. Labour cost was taken as the price that ICRISAT
pays for per Mondays in the station. In addition, the overall yields of IR and local landrace was measured on the on-station and
on-farm experiments conducted in Alupe and Rangwe during the consecutive 2018 and 2019 cropping seasons. Data collected
was analyzed using SAS analysis tool (Version 9) and the treatment means were further subjected to T-test to determine their
significant differences. Gross margins and cost to benefit ratios were also used in data analysis. Yield results indicated higher
grain yields on FR425IR of 2.4376 t ha? compared to 1.152 t ha?in local landraces. In contrast most hybrids varieties H513,
DK8031, Duma43 and DH04 recorded grains less than 1 t/ha. Further, results indicated higher gross margin on treatments of Kes
12,400 in FRC425IR compared to a net loss of Kes 17, 550 on local landrace. Additionally, there was higher Benefit Cost ration
of 4.3 and net marginal rate of 3.3. Evaluation of the use of IRM indicated that the technology is profitable and viable. Overall
findings of this study indicated that the use of IR technology in maize production would increase farmer income and food
security.
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1. Introduction

Maize productivity for majority of smallholder farmers in
sub-Saharan Africa (SSA) is highly constrained by parasitic
striga weed mainly the Striga hermonthica Benth. (Oroban-
chaceae) which causes severe losses to staple crops [14, 34].
Striga weed causes an estimated yield loss of 35- 80% in rice
[33], 50-100% in Sorghum [1], and 21-74% in Maize [5].
The invasiveness of Striga, long persistence and economic
impacts is mainly due to its unique biology which is associ-

ated with production of large amounts of microscopic seeds
[13], that results to high weed density within a short period
of time [10]. These seeds have the ability of remaining in the
soil for long periods, up to 20 years, causing vast economic
damages [31].

Continued intensification of cereal-based systems in the
region as a result of rising demographic pressures that has
led to an increase in the area under Striga infestation [30].
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Despite the development of high-yielding varieties and im-
proved cultivation methods, Kenya is still unable to meet its
domestic demand of maize grains. The deficit in production
is bridged through imports from the neighboring countries
[12]. In western Kenya the average maize productivity has
stagnated at between 1.2-1.6 t ha' [35]. This situation is
triggered by a number of constraints including Striga weed
infestation and low levels of soil phosphorous and nitrogen
[6, 11]. This not only affects quality but also adversely re-
duces grain yields. Typical yield losses range from 5 to 70%
depending on the degree of infestation and susceptibility of
the cultivar [21]. Severe infestation of sorghum by S. her-
monthica has been reported to cause 30-50% land being
abandoned [37].

Several integrated control initiatives have been promoted
for adoption by farmers in different regions of SSA to control
Striga [2]. These measures include: Integrated management
that incorporates technologies such as use of herbi-
cide-resistant cultivars intercropping with legumes and use
of improved fallows system [15, 20]. Despite the use of
herbicide technology for management of Striga in
high-intensive agriculture, levels of herbicide use in SSA
remain at very low levels, due to limited access to capital [9].
These make farmers in the affected regions using local recy-
cled seeds due to inadequate capital, lack of knowledge on
the availability of IR treated seed and high cost of seed [22].
Further, recommended potential control measures from re-
search have not been adopted, especially in the maize, sor-
ghum and millet based cropping systems. This may be due to;
poor understanding of the biology of Striga and long-term
effects of control options, low efficacy of individual control
options in reducing Striga to tolerable levels, lack of adapta-
bility of control options to the local farming systems, and
high cost-benefit ratio of control options compared to exist-
ing farmer practice [30].

The use of small doses of herbicide imazapyr and pyrithi-
obac for seed coatings have shown an early control of Striga
[18]. The herbicide has been reported to inhibit production of
branched amino acid that is responsible for normal plant
growth [3]. Upon absorption by Striga weed, the weed is
eradicated and the un-absorbed herbicide combines with wa-
ter and moves within the soil killing Striga seed in the soil
[16]. Additionally, the herbicide is reported to reduce losses
associated with Striga, depletes the seed bank and ultimately

Grain Yield (kg ha™) =

reduces the amount of new seeds added to the soil the fol-
lowing season [32]. Limited comparative study on the eco-
nomic benefit of IR technology over the use of commercial
hybrids and local landraces has been reported in Kenya. This
study was therefore conducted to determine the cost—benefit
ratio (CBR) and marginal rate of return (MRR) of Ima-
zapyr-resistant (IR) maize technology against commercial
hybrids and local varieties in control of Striga in western
Kenya.

2. Materials and Methods

2.1. Experimental Design and Treatments

Experimental treatments were arranged in a randomized
complete blocked design with three replicates KALRO
ALUPE and Rangwe. Each experimental plot consisted of 5
m by 5 m. Planting was done at spacing of 0.75 m X 0.25 m.
During planting 2 seeds was planted per hill and later thinned
to 1 plant per hill at 2 Weeks after planting. At KALRO
Alupe, the experimental plots were artificially inoculated
with one teaspoon full of preconditioned S. hermonthica
seeds per hole. Basal fertilizer was applied in the form of
di-ammonium phosphate (DAP) (18:46:0) during planting
and topdressing with calcium ammonium nitrate (CAN)
(26:0:0). Topdressing with CAN was done in two splits, with
1t split applied 2 weeks after planting and the 2" done at 4
weeks after planting (WAP) giving 60 kg N ha! [28]. Hand
weeding was done twice while removing all other weeds
except Striga. Local landrace was used as the control in
evaluating the economic analysis against IR.

2.2. Data Collection

At harvest, all ears harvested from each plot were dried,
shelled. Percentage grain moisture was determined using a
DRAMINSKI -Twist Grain moisture tester. Grain yield was
adjusted to 12.5% using ear weight and grain moisture, as-
suming a shelling percentage of 80% according to [19].
Grain yield was determined from the net harvestable area
and using the following formula.

(FW*10000 M? ha)*(100— AMC)

Where, FW= field weight (kg), AMC = actual grain mois-
ture content at harvest and SMC = recommended storage
moisture content. On-station grain yield obtained was ad-
justed to 10% as described by [27] to match yields obtained
by farmers before subjecting them to partial budgeting anal-
ysis.

(HarvestArea*1000kgt *)*(100 —SMC)

2.3. Statistical Analysis

Benefit-Cost analysis was done to assess the economic
value of treatments. The partial budget analysis as described
by was carried out to assess the costs and benefits associated
with IR maize technology compared to use of local landrace
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in maize production under Striga infested fields [4]. Gross
margin (GM) analysis was also done using farm budgeting
techniques by Microsoft Excel spreadsheets. Parameters used
in determining the performance of maize variety under Striga
infestation included; yield in kilogram per hectare and re-
turns to investment in inputs, which was expressed as GM
per hectare. In order to compute associated revenues of vari-
ety yields was multiplied by 2019 season average market
prices (mean of prices immediately after harvest and at the
onset of the new season). The GM was the difference be-
tween the gross farm revenue earned and the incurred total
variable cost. The GM analysis was used to justify whether
the selected variety was financially and technically viable to
address the need of the targeted farmers [25]. In order to de-
termine GM, all the varieties were subjected to the same seed
quantities, fertilizer rates and agronomic practices. The only
difference was the cost of the technology, which was the
price of IR seed. This study only focused on the Cost-Benefit
ratio and the MRR associated with maize production under
Striga infestation. All harvested yield at the end of the season
priced at the prevailing market price. Economic analysis was
done using the prevailing market prices for inputs at planting
and for outputs at the time the crop was harvested (Table 1).

2.3.1. Statistical Analysis Model

Combined Analysis of variance was done in SAS using the
model shown below:

Yij = p + Li + Hj + &ij

Where,

Yij is the observed yield at each location:
u is the overall mean for grain yield;

Li is the effect of the i™ location;

Hj is the effect of the j™ treatment;

eij is the residual effect.

2.3.2. Economic Analysis

Economic analysis of maize from different treatments was
determined using gross margin and cost-benefit analyses.
Cost and benefit estimates were based on revenues and costs
incurred in production of maize using the different treat-
ments. Total revenue represented the value of maize har-
vested from each plot based on prevailing prices at the time
of the study. The price of 2 kg of ‘Local landrace’ at the
Busia Municipal Market and ‘FRC425IR’ from FRESCO
Seed Company Ltd. were KES 100 and KES 425 respective-
ly, in the month of September 2019. Variable costs accrued
from purchase of seeds and labor involved in land prepara-
tion, planting, weeding, harvesting, drying and shelling were
determined based on the prevailing market prices (Table 1).
Benefit/cost ratio was determined by dividing the revenue by
variable costs from each treatment, while gross margin was
obtained from revenue less variable cost accrued in each
treatment.

10

2.3.3. Benefit-Cost Analysis (CBA)

Partial budget analysis as described by was carried out to
assess the costs and benefits associated with IR maize tech-
nology compared to use of local landrace in maize produc-
tion under Striga infested fields [4]. Gross margin (GM)
analysis was also done using farm budgeting techniques by
Microsoft Excel spreadsheets. Parameters used in determin-
ing the performance of maize variety under Striga infestation
included yield in kilogram per hectare and returns to invest-
ment in inputs, which was expressed as GM per hectare. To
compute associated revenues of variety yields was multiplied
by 2019 season average market prices (mean of prices im-
mediately after harvest and at the onset of the new season).
The GM was the difference between the gross farm revenue
earned and the incurred total variable cost. The GM analysis
was done to determine if the selected variety was economi-
cally viable (is it worth investing in this varieties) by targeted
farmers [25]. To determine GM, all the varieties subjected to
the same seed quantities, fertilizer rates and agronomic prac-
tices. The only difference was the cost of the technology,
which was the price of IR seed. This study only focused on
the Cost-Benefit ratio and the MRR associated with maize
production under Striga infestation. All harvested yield at the
end of the season priced at the prevailing market price. Eco-
nomic analysis was done using the prevailing market prices
for inputs at planting and for outputs at the time the crop was
harvested (Table 1).

3. Results

3.1. Input and Labour Prices

Fertilizer, seed, and pesticides prices were obtained from
local Agro-shops in the markets found within the Striga in-
fested areas of western Kenya. The input prices: KES4000
for 50kg bag of DAP, KES1600 for 50kg bag of CAN, price
for 2kg packet of IR seed (H528IR) KES 450, price of 2
packet seed FRC425IR was KES 500, and price of I kg local
seed was assumed to be KES 100. Labour cost was KES 300
price paid by KARLO Alupe to casual Labour per person
(MD) and the price of a bag of 90 kilogram of maize was
Kes 3000 (Table 1).

Table 1. Average Input and Output Prices.

Type Unit Quantity Unit Price (KES)
Grain Kg 90 3000

DAP Kg 125 80

DAP Kg 125 32

IR Seed Kg 25 225


http://www.sciencepg.com/journal/aap

Advances in Applied Physiology

http://www.sciencepg.com/journal/aap

Type Unit Quantity Unit Price (KES)
Local Seed Kg 25 100
Labour Man Day 300

3.2. Grain Yields

Results from this study indicated significant differences

between the yields from the IR varieties and the local landrace
used. The highest maize yields were obtained from IR coated
maize FRC425IR (2.37 t/ha) and lowest on local landraces
1.152 (Table 2). A paired T-test computed on grain yield
showed significant (P<0.05) differences among the test
maize genotypes. The observed higher grain yields observed
on FRC425IR compared to Local landraces indicates the
ability of the IR variety to tolerate the effects of Striga weed
hence giving higher farm output.

Table 2. Paired T-test between FRC425IR and Local landrace.

Variety yields (t/ha  Difference Observ df
IR 2.37 1.27%%* 12 11
Local 1.152

Note *** denote statistical significance at 1% level.

3.3. Partial Budget Analysis

Partial budget analysis was carried out based on the yield
data and inputs prices collected. Partial Budget evaluation
indicated that changing from using local landrace to use of
IR maize technology was a profitable venture for the affected
small-holder farmers in the Striga hot spot areas (Table 3).
The process involved tallying up all costs of required for
both varieties FRC425IR and Local and then subtracting that
amount from the total benefits from the change. The total
revenue was obtained by multiplying average unit market
prices with the mean output of the various genotypes tested
per hectare (Table 3).

Table 3. Partial budget analysis.

Seed Type
Variable

Local seed IR
Adjusted grain yield (bags/ha) 13 26
Average price per 90 Kg bag 3000 3000
Gross output per hectare (Kes) 39,000 78,000
Total Variable Cost 56,550 65,600
Net benefits Gross benefit -17, 550 12,400

11

mean stddev stderror Tvalue

1.59 0.51 0.15 8.5

3.4. Computation of BCR and MRR

Total cost incurred in producing IR maize was Kes 65,600,
against a gross income of Kes78 000, giving a net return of
Kes12, 400. Similarly, the total cost incurred in producing
Local landraces was Kes 56,550 against a gross income of
Kes 39,000 (giving net negative returns of Kes 17,550). The
total Net change realized in changing from local landrace to
IR variety was Kes 29,950 and the total gross change in total
variable cost was Kes 9, 050 (Table 3).

Therefore,
Change in Net benefits Kes 29,950
MRR= - - = =33
Change in total variable cost Kes 9050
Change in Gross benefit Kes 39,000
BCR= : _ = =43
Gross change in total variable cost Kes 9050

3.5. Determination of Gross Margins

Gross margin was obtained from revenue less variable cost
accrued in each treatment. Results indicates that it costs more
to produce IR maize compare producing local landrace,
however the gross margin and the benefit cost ration was
higher on using IR coated maize. Generally, comparisons
between FRC425IR and the local variety showed no signifi-
cant differences in cost of land preparation, cost of fertilizer,
and cost of Labour (Table 4). Therefore, they were treated as
non-experimental variable and hence the two varieties were
subjected to the same conditions to determine the gross mar-
gin. Further, there was significant differences with respect to
the cost of seed, which further reflected in differences in the
cost of bags and transportation (Table 4).
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Table 4. Gross margin analysis between FRC425IR and Local landraces in Western Kenya.

Variety Input costs
Yields bags@ha
Price kes@bag
Revenue Kes

Cost of seed 25kgs

Cost of DAP Kes80@125kg
Cost of CAN Kes32@125
Cost of Insecticide kes2000@11it
Cost of Land preparation kes

Cost of Labour kes300@85MD
Cost of bags kes50@bag
Transport cost Kes@bag
TVC

GM

BCR

4. Discussion

The observed yield difference between IR herbicide coated
maize genotypes compared to local landrace indicated that
coating of IR-maize seeds with imazapyr herbicide sup-
pressed the development of Striga, especially in the early
stages. Similar studies reported higher grain yield in plots
that received treated maize genotypes [3, 23, 19]. Further,
results from this study revealed that the grain yield of
FRC425IR maize genotype doubled the overall yields. Simi-
lar findings were reported [29]. Despite farmer’s preference
in using local landraces in the area, results further showed
that there use results into negative returns to the farmer. Sim-
ilar findings in a study on the adoption of IR Maize in
Nyanza and western Kenya [25]. In addition, it has been re-
ported that IR coated maize hybrids are more drought toler-
ant compared to susceptible maize genotypes [7].

Furthermore, economic analysis in the present study
demonstrated higher gross margin, higher benefit cost ratio
derived from using IR maize. This was attributed to the abil-
ity of IR coated maize in suppressing the damages caused by
the parasite. Higher yields and higher profit were reported in
earlier studies [5, 8, 38]. Further findings in the current study
clearly showed improved gross margin and higher Benefit
cost ratio therefore changing from local landraces into IR
maize technology will be economically worth for farmers
challenged with striga. Similar findings showed that IR

12

Local FRC425IR
13 26
3,000 3,000
39000 78000
2500 6250
10,000 10,000
4,000 4,000
2,000 2,000
11,250 11,250
25,500 29,300
650 1,400
650 1,400
56550 65600
-17550 12400
0.7 1.2

coated genotype treated with low dose of herbicide was able
to increase yields more than four-fold with an additional cost
of less than US$4 per hectare (cost of herbicide added to
other existing seed treatments). The added cost was equiva-
lent to about 25-50 kg/ha maize yield depending on market
prices, suggesting potential benefit: cost ratios of greater
than 25:1 even under the least favorable circumstances [17].

However, the low gross margin observed in this study was
associated with low market prices of maize grain compared
to high input prices at the time of study. In addition, the low
economic benefit derived from the use of local landraces in
farmers’ fields was principally attributable to competition for
nutrients by heavy Striga infestation. Present study indicates
a higher BCR, thus the change is economically worth. This
conforms with suggestion that a change in investment is pos-
sible if the BCR is greater than one [24]. Despite this, small
holder farmers in western Kenya continue to use local land-
races due to the unavailability of IR coated genotypes and
high associated costs. Reports indicates 80% of farmers in
western Kenya use local landraces seed due to financial con-
straints [36]. It therefore means that cost of technology is a
major consideration in the choice of varieties by farmers
alongside other factors. Despite higher cost of IR seed, the
extra revenue generated can pay for the cost.

5. Conclusion and Recommendations

The findings of this study showed that the use IR technology
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(FRC4251R and H528IR) in maize production in striga prone
areas is economically viable. Findings showed a MRR and
BCR of 3.3 and 4.3 respectively. Hence, there is need for
smallholder farmers to adopt the technology to manage striga
weed, improve farm household income and alleviate poverty
among maize farming households. Despite the effectiveness
of the technology, there is scarcity in the availability of the
coated seeds in the striga prone areas. A collaborative initia-
tive between seed companies, research institutions and ex-
tension service providers are recommended for dissemination
of the technology.
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