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Abstract

The Savelugu-Nanton District of Northern Ghana is a beneficiary of irrigation projects mostly on small scale
basis schemes. Poor data situation due to inadequate appraisal of these schemes results in difficulty to track their
progress and impacts, which threatens their sustainability. This study was conducted to assess the profitability
and productivity of the Libga and Bunglung small scale irrigation schemes in the District between 2013 and
2015. Sixty households were selected using random sampling techniques. Production data, costs, yield and soil
data were gathered using structured questionnaires and field measurements. Data on traditional rainfed systems
were gathered from secondary information. The results indicated that yields of rice were greater in Bunglung
than in Libga scheme but both schemes had greater yields than rainfed systems, resulting in greater profits under
irrigation. However, yields of pepper were greater in Libga than in Bunglung. Crop water productivity (CWP) in
terms of harvested weight of rice was 0.50 and 0.58 kilogram per cubic meter in Libga and Bunglung
respectively while CWPs in terms of gross value of harvested rice were 0.38 and 0.41 Ghana cedis per cubic
meter respectively. For pepper, the CWPs were 0.74 and 0.64 kilogram per cubic meter in terms of crop weight
in Libga and Bunglung respectively while CWPs in terms of gross value were 1.23 and 1.07 Ghana cedis per
cubic meter respectively. Irrigation improved farmers’ incomes, however, pepper production was more profitable
than rice production at both schemes. More investments by farmers are important to achieving maximum yields.
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1. Introduction

Agriculture plays a key role in poverty reduction and rural development. In Sub-Saharan Africa the number of
food-insecure people rose from 125 million in 1980 to 200 million in 2000 (Molden, 2007). Any strategy to
reverse this trend must include agriculture. Kyei-Baffour and Ofori (2006) indicated that in Ghana, economic
growth and poverty reduction targets cannot be achieved without significant improvement in the agricultural
sector. Agriculture in Ghana has however been challenged by factors such as erratic rainfall patterns, low access
to credit, high cost of input, post-harvest losses and poor access to effective markets. These challenges associated
with rain-fed agriculture have compelled successive governments to place emphasis on irrigation development.

Crop yields are higher under irrigation due to reliable water supply. Twenty percent of the world’s croplands are
irrigated, but they produce 40% of the global harvest, meaning that irrigation more than doubles land
productivity (Fernandez-Cirelli et al., 2009). Irrigation development will therefore be appropriate to achieve food
security, poverty reduction and rural development, more importantly in Northern Ghana which is characterized
by unimodal rainfall of short duration and excessive evapotranspiration, allowing only 4 to 5 months of farming
and 7 to 8 months of extended dry season (Namara et al., 2011). Since the 1960s, successive Governments in
Ghana have made efforts to introduce and promote irrigation through the settlement of a number of small-scale
farmers on irrigation facilities in anticipation of the benefits associated with irrigation development. Ghana has a
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potential area of 500 000 hectares for irrigation and it has been projected that the total area of irrigation facilities
will be increased to 100 000 hectares by the year 2020 (Gordon, 2006). United Nation’s predictions of global
population increase by the year 2025 require an expansion of food production of about 40-45%. Irrigation
agriculture will be an essential component of any strategy to increase the global food supply. Irrigation enables
small-holder farmers to be able to cultivate high value crops for increased income, increased food production and
other socio-economic benefits (Namara et al., 2005). The estimated population of Northern region is 2,468,557
and out of this 1,811,921 representing 73.4 % of the total population of the region live in rural communities
(GSS, 2011). It can therefore be deduced that if irrigation schemes in rural communities perform to their desired
results then their impact on socio-economic improvement of the rural folk would be very significant. Addressing
water crisis can help reduce extreme poverty and hunger, decrease child morbidity and mortality due to
water-related illnesses, help children (especially girls) obtain an education, and promote gender equality (UNDP,
2006). This underscores the significance of sustainable management of water resources in addressing challenges
that confront humanity especially vulnerable children and women who are mostly found in rural communities.

Most often, community-based irrigation schemes are established to reduce poverty among rural folks. The
establishment of these schemes serves as source of employment and incomes. This is expected to improve the
socio-economic conditions of these poor communities. However, information on irrigation schemes in Ghana is
scanty, meanwhile it is also reported that deterioration of many schemes have resulted in low efficiency hence
productivity of these schemes may be affected (Frenken, 2005). There is the need to appraise and compare
schemes to ascertain their current impacts on beneficiaries, and to identify issues regarding the sustainability of
these schemes. Irrigation projects like other projects require periodic appraisal of their performance to keep track
of the intended purposes so as to derive maximum benefits from them. There have been various appraisal studies
of small scale irrigation schemes in parts of Sub-Saharan Africa (Behailu et al., 2005; Dejen et al., 2012). Some
of these kinds of studies were also conducted in Northern Ghana (Faulkner et al., 2008; Abdul-Ganiyu et al.,
2012a, 2012b), however, as far as we know there has not been much study appraising the Libga and Bunglung
schemes. Attaching importance to all small irrigation systems was the new paradigm suggested by Vincent (2003)
as part of a comprehensive water management strategy. Due to differences in demographics, human behaviour,
soil types, market opportunities and so on, there is the need to appraise each scheme uniquely. This study was
conducted to assess the performance of the Libga and Bunglung irrigation schemes by assessing farmers’
incomes and crop water productivities, so as to provide on-the-ground information on actual status of the
schemes as means of tracking their impacts and progress.

2. Materials and Method
2.1 Description of Study Area

The study area is in the Savelugu-Nanton District (Figure 1) of Northern Region of Ghana. The District’s total
land area is 1 790.70 km®. The dominant economic sector is agriculture. Agriculture engages about 97 percent of
the labour force, with majority producing staple crops at subsistence level (Savelugu Nanton District Assembly,
2012). Cash crop production is very minimal and this includes sheanut, Soy beans, cotton and cashew. Major
economic activities in the district include: agriculture, trading in foodstuff such as maize, beans, rice and other
grains, sand winning, fishing and sheanut processing. Like most communities in Northern Ghana, income levels
and economic status are generally low especially among women. Majority of the people depend on rainfed
agriculture, however there are a few small scale irrigation schemes.

2.2 Description of Libga Irrigation Scheme

Libga is a community located about 4 km away from Savelugu, the district capital of the Savelugu-Nanton
district. The geographical co-ordinates is 9°35’ N, 0°51" W. The Libga irrigation scheme is found in the Libga
community but provides services to about 6 communities including Libga, Savelugu, Zazzi, Nyoglo, Kanshegu
and Behenayili (Adongo, 2015). The Libga reservoir was completed in 1971 and rehabilitation works were
carried out in 1984, 2005 and 2008 respectively. The reservoir has a storage capacity of 5.9 Mm®, a potential
irrigable area of 40 hectares but a developed area of 20 hectares (Asante, 2009). The Libga scheme is one of 22
formal schemes managed by the Ghana Irrigation Development Authority (GIDA). Major crops cultivated in the
scheme include rice, onion, leafy vegetables and maize. GIDA oversees the overall management of the scheme
including rehabilitation of the infrastructure such as the dam wall maintenance, reservoir desilting, canal
construction, spillway construction, etc. It is also responsible for planning, organisation of farmer groups,
technical training, water distribution schedules and conflict resolution. The water users association (WUA) is
responsible for operation and minor maintenance of the scheme. The WUA in this scheme is made up of 41
registered members. However there are many non-registered members cultivating in the scheme.
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2.3 Description of Bunglung Irrigation Scheme

Bunglung is a small community found in the Savelugu-Nanton district. The geographical coordinates is 9°36'0"
N, 0°48'0” W. It is about 5 km east of the Tamale-Bolgatanga road from Savelugu. The Bunglung irrigation
scheme is not one of the 22 formal irrigation schemes managed by GIDA. It is jointly managed by an
Agricultural Extension Agent (AEA) on behalf of Ministry of Food and Agriculture (MoFA) and the community.
However GIDA was consulted to provide consultancy services during its rehabilitation in 2008 by MoFA.
Rehabilitation works that took place included desilting of the reservoir and rehabilitation of the canals. A water
bailiff who is also a farmer in the irrigation system manages the outflow of water into the canals and distribution
to various farms is ensured by the WUA. Farmers from Savelugu, Bunglung and surrounding communities use
water from the reservoir for dry season farming, domestic use and livestock watering (Yussif, 2012).
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Figure 1. Map of Ghana showing Savelugu-Nanton District

2.4 Data Sources and Collection Procedure

Libga and Bunglung irrigation schemes were selected to be investigated. Sixty households were selected using
random sampling techniques from each scheme. The gathered information from farmers included their
production activities between 2013 and 2015. Table 1 indicates the demographic characteristics of sampled
respondents in this study.

Table 1. Gender and age distribution of farmers

. Frequency/Percent
Demographic factor -
Libga Bunglung
Gender
Male 40 37
Female 20 23
Total 60 60
CAge
18-29 8.3 10.5
30-45 53.3 51.2
46-60 31.7 26.8
> 60 6.7 11.5
Total 100 100
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A structured questionnaire was used to collect data from sampled households. Yield, production cost, market
prices and revenue data were gathered from the farmers. Yield figures were also confirmed by taking samples
from farmers’ fields in various irrigation laterals and measuring in-situ. Most farmers reported yields in
bags/acre. These were then converted to tons per hectare. For the rainfed systems, secondary data on crop prices
and yields of crops in the district were obtained from Statistics, Research and Information Department (SRID) of
MoFA. Two crops were selected: rice (Oryza sativa) and pepper (Capsicum frutescens), to assess farmers’
profitability and water productivities under irrigation. Rice was selected because it is the main crop grown in
most formal irrigation schemes in Ghana especially in the rainy season, while pepper was selected as
representative for high valued vegetables which is also mostly grown in the dry season. These 2 crops were the
most widely cultivated as well in these schemes as shown in Figure 2. Cost Benefit Analysis was conducted by
analyzing net income expressed as total revenue from crops harvested less production cost (Etwire et al., 2018),
and represented mathematically by Equation 1. Benefit/Cost ratio (Equation 2), was also used to evaluate the
ratio of net benefit to production cost.

Net Income = Gross return on investment — Average variable cost €8
Benefit-Cost ratio = % 2)

Where, B = Average net revenue per acre; C = Average production cost per acre.

Crop water productivity was calculated as expressed in Equation 3 (Molden, 1997; Ahmad et al., 2004; Rashidi
& Gholami, 2008):

—cX
CWP=C— 3)

Where, CWP is the crop water productivity (kg/m’); Y is the actual yield (kg/ha); ET is the evapotranspiration or
crop water requirement (mm); C is a conversion factor of 0.1.

CropWat Model (version 8), was used to calculate the crop water requirements for rice and pepper cultivation,
which were then used as the evapotranspiration (ET) in this study. CropWat is a computer program developed by
Land and Water division of FAO for calculation of crop water and irrigation requirements using climatic, crop,
and soil data (Smith, 2001). Climatic data of Tamale was obtained from Climwat software, version 2.0 which
contains long term agroclimatic data (1971-2000) of over 5000 stations worldwide (Mufioz & Grieser, 2006),
which is also developed by the Water Development and Management Unit and the Climate Change and
Bioenergy Unit of FAO. Soil texture, field capacity, permanent wilting point and soil saturation water content
were obtained by taken soil samples for analysis in the laboratory. Infiltration rate was measured in-situ by the
double ring infiltrometer method (Haise et al., 1956). These were inputted into the CropWat software for
estimation of ET.

The gross value of production per unit water consumed, expressed as economic water productivity (EWP) was
calculated by equation 4 as modified from Molden et al. (1998).

EWP =" =CWP x P @)

Where, EWP is the economic water productivity in Ghana cedis per cubic meter (GH¢/m®); P = Local price of
the crop per kilogram in Ghana cedis (GH¢/kg).

2.5 Statistical Analysis

The Statistical Package for Social Scientist (SPSS) version 19 (IBM Corporation, Chicago, USA) and Microsoft
excel (2007) were used to analyze the data. Frequency counts and percentages of demographic data, crops
produced in each scheme and farmers’ perceptions on impact of irrigation on household incomes were analyzed
while averages and standard errors of production cost, average yield per acre, average prices of crops and
revenue were also analyzed. Regression analysis was also conducted to establish the relationship between crop
yield and revenue. Means of yield for rice between the two irrigations schemes and the traditional system were
separated at 95% confidence interval using the Duncans multiple range tests.

3. Results
3.1 Crops Cultivated and Crop Yields in the Schemes

Majority of farmers at the Bunglung scheme cultivated pepper whilst some farmers cultivated tomato during the
dry season as well as rice and maize during the rainy season. Farmers at Libga cultivated leafy vegetables,
pepper and onions during the dry season but planted rice in the rainy season (Figure 2). Average yields of rice at
Libga and Bunglung were 3.9 ton per hectare and 4.5 ton per hectare respectively while yield in the traditional
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rainfed system was 2.9 ton per hectare (Figure 3). Average yield of pepper in Libga was 4.0 ton per hectare while
that of Bunglung was 3.4 ton per hectare (Figure 3).
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Figure 2. Crops grown at Libga and Bunglung Schemes by percentage of area covered (2013-2015)
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Figure 3. Average yield of rice and pepper in Libga and Bunglung schemes (2013-2015)

Note. Error bars represent standard error of the mean.

3.2 Household Incomes in the Irrigation Schemes

Farmers in Bunglung community invested an average amount of 310.00 Ghana cedis (Figure 4a) and accrued
revenue of 1 260.00 Ghana cedis, therefore making a profit of 950.00 Ghana cedis annually from rice only
(Table 2). In a similar trend, farmers in Libga invested an average amount of 464.00 Ghana cedis and accrued
revenue of 1 184.00 Ghana cedis therefore making a net profit of 720.00 Ghana cedis. Rice production had
benefit-cost ratio of 2.6 and 4.1 for Libga and Bunglung respectively.

The average cost of pepper production per acre was 553.2 and 320.5 Ghana cedis in Libga and Bunglung
schemes respectively (Figure 4b). These resulted in average revenue of 2 640.0 Ghana cedis in Libga scheme
and 2 250.00 Ghana cedis in Bunglung scheme, amounting to net income of 2 087.00 and 1 929.50 Ghana cedis
respectively (Table 3). Pepper production had a benefit-cost ratio of 4.8 for Libga and 7.0 for Bunglung.
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Figure 4. Cost of production for rice (a) and pepper (b) at the Libga and Bunglung irrigation schemes

Note. ISC means irrigation service charge.

Table 2. Net income on investment and benefit-cost ratio (Rice)

Total Variable Cost  Gross Return On

Per Acre (GHg) Investment/Acre (GHg) Net Income/Acre (GH¢)  Benefit-Cost Ratio

Project Site

Libga Scheme 464.0 (23.06) 1184.0 (18.9) 720.0 (18.67) 2.6
Bunglung Scheme 310.0 (4.25) 1260 (21.29) 950.0 (22.79) 4.1
Traditional (Rainfed)  349.0 720.0 371.0 2.1

Note. Values in brackets are standard errors of the mean.
Ghana cedis (GH¢) is the currency of Ghana. The rate in 2013 was 1 GH¢ = $0.42.

Table 3. Net income on investment and benefit-cost ratio (Pepper)

Total Variable Cost ~ Gross Return On
Per Acre (GH¢) Investment/Acre (GH¢)

Libga Scheme 553.2(20.97) 2640.0 2087.0 (75.76) 4.8
Bunglung Scheme 320.5 (11.85) 2250.0 1929.5 (127.64) 7.0

Project Site Net Income/Acre (GH¢) Benefit-Cost Ratio

Note. Values in brackets are standard errors of the mean.
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Farmers perception were surveyed about whether their income levels had increased since they joined the
schemes, and the results indicated that 70.0% of Libga farmers strongly agreed that their incomes had increased,
26.7% agreed while only 3.3% disagreed. Response from Bunglung farmers indicated that 83.3% strongly
agreed that their household incomes had increased whilst 16.7% agreed that their incomes had increased since
they joined the scheme (Figure 5).

Ly Bunglung Scheme

E3 Libga Scheme
804

Percentage of farmers (%)

Agree Strongly Agree Disagree

Farmers' Response on Increased Income

Figure 5. Farmers’ perception on increased household income

3.3 Water Productivity

Crop water requirement of rice in the Libga scheme was 746.7 mm while that of pepper was 527.4 mm. The
CWP for rice was 0.50 kilogram per cubic meter at the Libga scheme and 0.58 kilogram per cubic meter at the
Bunglung scheme. In monetary terms, the gross value per unit water required for rice were 0.38 and 0.41 Ghana
cedi per cubic meter respectively as shown in Table 4. The CWP of pepper for the Libga and Bunglung schemes
were 0.74 and 0.64 kilogram per cubic meter respectively while gross value per unit water required was 1.23 and
1.07 Ghana cedi per cubic meter respectively (Table 4). Comparison between water productivity of rice and
pepper in Libga and Bunglung Schemes showed that water productivity of rice was greater in Bunglung while
that of pepper was greater in Libga.

Table 4. Water productivity in terms of crop yield and gross value of production

CWP (kg/m®) CWP (GH¢/m’)
Scheme - ;
Rice Pepper Rice Pepper
Libga 0.50 0.74 0.38 1.23
Bunglung 0.58 0.64 0.41 1.07

Note. CWP means crop water productivity, kg/m’ means kilogram per cubic meter while GH¢/m® means Ghana
cedis per cubic meter.

3.4 Effect of Yield on Farmer Revenue

Figure 6 shows regression analysis between crop yield and revenue. There was significant correlation (p <
0.0001) between crop yield and revenue for both rice and pepper production. Yield considered as a sole factor
accounted for 64.52% of variations in gross revenue in rice cultivation and 98.36% of gross revenue variations in
pepper cultivation.
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Figure 6. Regression analysis between average yield within an irrigation lateral (Bags/acre) and average revenue
(GH¢) for rice (a) and pepper (b)

Note. A bag of rice weighed 85 kg/bag while a bag of pepper weighed 45kg/bag at both schemes.

4. Discussion

Compared to the traditional rainfed practice in the district, rice yields under irrigation increased (Figure 3). So an
increase in food availability and accessibility in both Libga and Bunglung is expected. Cultivation of fresh
vegetables in the schemes will also increase access to nutritious meals by households within these communities
thereby improving the food security condition of the rural folk. Farmers are also able to meet their consumption
demand and sell the surplus to earn income. Irrigation has been shown to have a strong positive relationship with
poverty alleviation and food security (Dixon et al., 2001). In India irrigation districts had their poverty levels
reduced significantly compared to non-irrigated districts (Beero & Narayanamoorthy, 2014). Yields obtained in
this study for pepper and rice were within range of irrigated rice yields reported in a nearby district
(Abdul-Ganiyu et al., 2012a, 2012b). Rice yields as reported in this study have increased, compared to traditional
practices, yet there exists the potential to make higher gains if farmers improved management activities. As high
as 7.0 ton per hectare could be obtained under irrigation but low investments, bird attacks, and poor management
practices often lead to moderate gains (Abdul-Ganiyu et al., 2012a). Similarly, pepper yields in this study (3.4 -
4.0 ton per hectare) were far lower than those reported by FAO (2010) from commercial farms, which were in
the range of 10-25 ton per hectare. This indicates that the level of commercialisation by farmers in our study area
is still very low. Lower investments in general and low use of inputs specifically, which characterises
non-commercial oriented producers may result in lower yields, hence low incomes.

Variation in net income for rice production between Bunglung and Libga could be due to significant greater
yields in Bunglung of 4.5 ton per hectare compared to 3.9 ton per hectare in Libga (p < 0.05) (Figure 3). Higher
yields may result in higher revenue. This is evident by the fact that, in this study, we found highly significant
positive correlation (p < 0.0001) between average crop yield of an irrigation lateral and revenue accrued for both
rice and pepper (Figure 6). The regression analysis indicated that considering yield only as a factor, it accounted
for 98.36 and 64.52% of variations in revenue from pepper and rice production respectively. Another factor
which might contribute to the profit variation is lower amounts charged for water use per acre at Bunglung (11.0
Ghana cedis) which reduces the production cost for Bunglung farmers as compared to 40.00 Ghana cedis paid by
Libga farmers per acre (Figure 4). Farmers in Libga also spent more on inputs than farmers in Bunglung to
sustain the fertility of soils which have been cultivated over and over for several years. This, together with
relatively higher labour cost in Libga (Figure 4) increased their cost of production. Production costs incurred by
farmers played influencing role on the profits they made (Faulkner et al., 2008). During focus group discussions
with Libga farmers, they indicated that, continuous cropping of the Libga soils since its construction in 1969
may have caused a reduction of its soil fertility. However, using net income, pepper production was more
profitable in Libga than in Bunglung. High investment due to relative high input use increased the yield of
pepper in Libga resulting in greater profit margins while lower investment by farmers in Bunglung scheme
(Figure 4) resulted in relatively lower pepper yields. The use of other inputs such as improved seeds and
fertilizer could maximise benefits from irrigation. Reliable water supply from irrigation, coupled with high
yielding varieties and optimum fertilizer use accelerated the contribution of irrigation to food production
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between 1966 and 1990 (IWMI, 2000). Comparing profitability of crops, pepper production was more profitable
than rice in both schemes (Table 4). This could be attributed to the fact that vegetables usually have higher prices
than grain crops.

The crop water requirement of rice (746.7 mm) in this study was lower than reported by Abdul-Ganiyu et al.
(2012b) in their study in the Bontanga irrigation scheme in the Northern region (939.9 mm). Our result of water
requirement for pepper were in line with findings by Agodzo et al. (2003) that, for vegetable crops, the
requirements of water by the crops will range between 300-700 mm depending on the climatic condition, the
season of the crop and the location. The variation in water requirement of rice in this study and that of
Abdul-Ganiyu et al (2012b) could also be attributed to difference in soil properties and seasons as indicated by
Agodzo et al (2003). Furthermore, the seasonal crop water need is also influenced by the growing season
(Brouwer et al., 1985).

Water productivities varied between the schemes studied and these arose due to yield differences. Due to the
higher yield of rice in Bunglung, water productivity of rice was higher in Bunglung compared to that of Libga
while higher pepper yield in Libga also resulted in higher water productivity for pepper in Libga. Using average
dollar rate of 1 United States Dollars = 2.4 Ghana cedis in 2013 (http://www.freecurrencyrates.com/
exchange-rate-history/USD-GHS/2013), the gross value in terms of crop water required for rice in this study
were 0.16 and 0.17 United States Dollars per cubic meter for Libga and Bunglung respectively whilst that of
pepper were 0.51 and 0.45 United States Dollars per cubic meter respectively. These were in line with other
studies. Molden et al. (1998) in a study in Burkina Faso and Niger, reported water productivities ranging
between 0.11 and 0.91 United States Dollars per cubic meter. Dejen et al., (2012) also showed output per unit
water consumed ranging between 0.33 and 0.48 United States Dollars per cubic meter in their assessment of
performance of irrigation systems in Ethiopia. In both Libga and Bunglung, pepper production was more
economical in terms of water saving than rice production. This could be attributed to the high yield and price of
pepper compared to rice production. More so, crop water requirement for rice was much higher than that of
pepper.

5. Conclusion

The results of the study revealed that pepper production had higher returns and greater water productivity
compared to rice in both schemes although irrigation generally improved farmer’s incomes. The results also
showed that rice production under irrigation yielded more crop per land compared to traditional rainfed systems
in the area. Irrigation holds a huge potential of improving farmers’ profitability and socioeconomic conditions
through increased yields. However, the level of commercialisation of farmers in the study area is still low and is
characterised by low input use. Farmers should invest more in maintaining or improving their soil fertility
through increased use of both organic and inorganic fertilizers, pesticides and improved seeds in order to reduce
the current yield gap.
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