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a b s t r a c t

Efficient utilization of crop straw is a determining factor for cleaner production and sustainable devel-
opment in Ghana’s agricultural sector. However, extensive field burning of crops straw is hampering the
effective utilization of straw resources in the Northern region of Ghana. The aim of this research was to
identify rural households’ crops straw utilization methods and investigate the occurrence as well as
effects of crops straw burning. Cross-sectional data collected from 384 farmer households’ in Yendi
municipality, Saboba and Tatale-Sanguli districts in the Northern region of Ghana were analyzed with
Statistical Package of Social Sciences (SPSS). The total crop yield for major cereals and legumes produced
was 1.29 kton with a total crop straw yield of 3.05 kton. Cereals straw contributed the highest yield
percentage of 56.4% while legume straw contribution was 43.6%. About 1.23kton (40.3%) of straws from
major cereals and legumes were utilized for different purposes such as returning to the field to enrich the
soil, fodder for livestock, cooking fuel, sale and other traditional purposes. The remaining 1.82kton
(59.7%) of crop straws were burnt on the field. The percentages of straw burnt on the field for each crop
were 77.6% for maize, 58.6% for sorghum, 56.5% groundnut, 49.7% for millet, 47.4% cowpea, 42.2% for rice
and 41.4% for soybean. Farming and farm size are the key influencing factors that affect straw burning.
Open field burning of straws caused a decline in yield for about 65.7% of respondents. The present
findings indicates that utilization of crop straw in the Northern region of Ghana is poorly practiced and
needs to be encouraged because of its associated benefits. Government of Ghana needs to develop
appropriate policies and legislative measures to encourage effective utilization of straw and prohibit field
burning of straws.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Crop and livestock productions dominate Ghana’s agricultural
system. The Northern region is one of the top five regions in Ghana
which produces cereals and legumes in high quantities. Some of the
major cereals and legumes cultivated in Ghana are maize, rice,
millet, sorghum, cowpea, groundnut and soybeans (MoFA, 2017).
Utilization of biomass such as straw is important for Ghana’s
development (Pr€ager et al., 2019). Crops straw are important re-
sources with economic and environmental consequences (Lal,
2005). It also serves as an important biomass resource with en-
ergy potential and the generation of biofuels from crops straw
promote second generation of biofuels (Ayamga et al., 2015).

Albeit challenges such as bulky nature of straw, high
transportation cost and field burning affects straw management.
Burning is the cheapest method of removing straw (Long et al.,
2016) in order to prepare land after harvesting crops (Cassou,
2018). Large amounts of crop straw are normally destroyed on
the farm by bush burning (Quartey and Chýlkov�a, 2012). Research
on crops straw utilization in Ghana has received less attention and
its documentation is inadequate. Crops straw utilization in Ghana is
mostly at the traditional stage whilst large quantities ends up burnt
on farms. A research by Ansong Omari et al. (2018) indicated that
some farmers deliberately burn straw to prepare the farm for the
next planting season. In Ghana, a total of 36, 099, 878 tons of maize
and rice straws were burnt from 1961 to 2017 (Fig. 1) (FAOSTAT,
2018). There has been an increasing trend in the burning of maize
straw as compared to rice straw. The quantity of maize straw burnt
was the highest (32, 891, 495.8 tons) followed by rice straw
(3,208,382.3 tons). This indicates that cereal straws particularly
maize straws are highly burnt in Ghana.
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Fig. 1. Trend of burning maize and rice straws in Ghana from 1961 to 2017.
Data source: FAOSTAT, 2018.
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Field burning and decomposition of straw are considered as
waste of valuable resources and often result in environmental
degradation and pollution to humans (Aruya et al., 2016). Heat
generated from straw burning has a significant negative impact on
soil nutrients which increases erosion and renders the soil infertile
(Smith et al., 2015). The emissions from field burning impacts
negatively on the atmosphere (Azhar et al., 2019) which contributes
immensely to particulate matter (PM) in the atmosphere (Shi et al.,
2014). Thus, affecting human health, global climate change (Chen
et al., 2019) and contributes to global warming through green-
house gas emissions (Romasanta et al., 2017).

Field burning of straw is both a regional and global environ-
mental burden (Long et al., 2016). In the 1980s, about 600,000 ha of
crop straw was burnt annually in the United Kingdom (UK) (Prew
et al., 1995). Crop straw burning was popular in the Great Plains
of the United States of America (USA) (Jenkins et al., 1992). From the
year 2000e2004, crop straw burning in southeastern USA occurred
annually and it was the major cause of fire activities (McCarty et al.,
2007). In Australia, rice straw generated in summer were burnt on
the field to make way for winter rice production (Vagg, 2015). In
addition, field burning of rice straw contributed to increase PM10
concentrations in eastern Spain (Viana et al., 2008). Straw is often
burnt on farms in countries like China, Thailand and northern India
(Bakker et al., 2013). In china, consistent increase in straw over the
years made farmers resort to burning. According to Cao et al.
(2008), the total amount of straws burnt in China was about
140*106 tons per year, this contributes to 86.02e97.58% of atmo-
spheric pollution (Zhou et al., 2017).

However, these countries have taken measures to help stop or
reduce the state of straw burning. Field burning of crop straw was
banned in the UK in 1992 (Tomlinson et al., 2017). Currently in the
UK, straws are mainly used as fertilizer, feed and bedding in the
livestock sector, power generation, fuel and mushroom production
(Townsend et al., 2018). Field burning of straw was banned in the
USA and some European Union countries (Vagg, 2015). According to
a recent economic and environmental evaluation of advanced en-
ergy technologies of rice straw in India, production of ethanol
through integrated fermentation and anaerobic digestion was a
preferred technology whiles integrated technique has environ-
mental and economic benefits. In addition, gasification is the most
preferred for electricity production. The authors indicated that,
electricity and bioethanol production has the potential to reduce
environmental pollution and plays a pivotal role in the economic
development of India (Singh and Basak, 2019). Chinese government
adopts practical approach and policies to manage its crop straw
(Ren et al., 2019). Straw burning was banned in China coupled with
the use of monitoring teams and remote sensing to track straw
burning spots (Tian et al., 2011).

Effective utilization of crop straw must be affordable and suit-
able to the environment for sustainable cleaner production (Aruya
et al., 2016). Cleaner production in this context means the effective
utilization of straw resources without resorting to open field
burning (Chen et al., 2019). This has potential environmental,
health and economic benefits (Smith et al., 2015; Romasanta et al.,
2017), hence the government of Ghana must prioritize efficient
straw utilization. According to Badarinath et al. (2006) maintaining
straws on farms after harvest is a sustainable and cleaner approach
of managing it. In addition, practicing other utilization methods
and prohibiting burning will help to promote an eco-friendly
environment (Yodkhum et al., 2018). The efficient utilization of
straw for energy generation is also a potential area which will help
resolve energy crises and promote a cleaner environment (Ghaffar
et al., 2015).

In Ghana, some efforts have been made towards promotion of
cleaner production on the utilization of straw resources. Recent
study by Seglah et al. (2019) focused on the estimation of straw
resources based on secondary crop production data obtained from
Food and Agriculture organization (FAO) and the Ministry of Food
and Agriculture (MoFA). Investigation on the various utilization
methods was not base on questionnaire survey but reviewed from
literatures. In addition, the research focused on the broader context
of straw utilization in Ghana without considering detailed research
in the Northern region, which is a major producer of cereals and
legumes. Previous studies conducted did not explore utilization of
straw resources in a holistic form but rather focused on one or few
utilization methods. The research conducted by Adjapong et al.
(2015) focused on the use of crop straw as substrate for mush-
room production while others were on generation of energy from
crop straw (Arranz-Piera et al., 2016). Other research conducted
focused on sale of crop straw as animal fodder (Konlan et al., 2015)
and utilization of straw as soil management option (Ansong Omari
et al., 2018). Field burning of straw is a major mitigating factor on
crops straw utilization but earlier studies conducted (Ofosu et al.,
2013) did not consider the major causes of open field burning of
crop straw and its implication on crop productivity in the Northern
region of Ghana. A study conducted in the coastal savannah zone of
Ghana assessed the impact of straw burning on soil organic carbon
and release of carbon dioxide (CO2) in the atmosphere (Parker et al.,
2010) but they however, did not include the Northern region of
Ghana where agricultural straw burning is rampant. Even though
straw resources are abundant in the Northern region of Ghana,
research on the various straw utilization methods and effects of
straw burning is minimal. Field burning of crop straws occurs often
and detailed information is needed for policy makers to address it.

There is inadequate documentation on the proportion of
households’ who practice various straw utilization methods, rea-
sons why straw is burnt and the type of government intervention
farmers need to curtail the continuous burning of crop straw. The
high diversity of smallholder farming systems makes it worthy to
investigate the different straw utilization methods to establish
realistic information on the value farmers place on crop straw in the
Northern region of Ghana. Therefore, the current study was con-
ducted to know the collective utilizationmethods of crop straw and
field burning in the Northern region of Ghana. This research will
provide relevant information on how farmers’ utilize their straws
and identify the proportion of households who practice it as well as
ascertain the state of field burning of straw. The study will also help
to predict the future occurrence of field burning of straw and
suggest appropriate government interventions needed to curtail
field burning and ensure effective utilization of straw. The aim of
this research was to identify rural households’ crops straw
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utilization methods and investigate the occurrence as well as ef-
fects of crops straw burning.
2. Methodology

2.1. Description of the study area

The study was conducted in Yendi municipality, Saboba and
Tatale-Sanguli districts located in the Eastern corridor of the
Northern region of Ghana (Fig. 2). ArcGIS was used to draw themap
of the study area. The region has the highest land size of 29.5%
compared to the other nine regions of Ghana. The Northern region
is located at Latitude: 9� 290 59.9900 N and Longitude: 1� 000 0.0000

W. It is among the top five regions in Ghana that produces major
starchy staples, cereals and legumes particularly for maize, rice,
sorghum, cowpea, cassava and yam. A significant proportion of
farmers in the region keep livestock andmost of the farmers rely on
rainfall for their agricultural activities (MoFA, 2015). About 81,490
agricultural households can be found in the three districts. The
specific number of agricultural households in Yendi are 30,972,
Saboba (25,547) and in Tatale-Sanguli 24,971 (MoFA, 2017). Yendi
Municipality is located in the eastern corridor of the Northern Re-
gion and lies between Latitude 90e350 North and 00e300 West and
00e150 East. The Municipality cuts through the Greenwich Merid-
ian and shares boundaries with six other districts including Saboba
district to the east with Zabzugu and Tatale districts to the south. Its
total land surface area of 5350 km2 is ranked 6th in the Northern
region (Abdulai and Al-hassan, 2016). Saboba district lies between
Latitudes 24� and 25� north, Longitudes 27� and 13� east, covering a
Fig. 2. Map of th
total land area of approximately 1751.2 km2. Tatale -Sanguli to the
south and Yendi municipal to the west surrounds the district. On
the east is River Oti, which serves as the international boundary
between Ghana and Togo. Tatale-Sanguli district covers an area of
about 1090.47 km2 and shares boundaries with Togo to the east,
Zabzugu district to the south, Saboba districts to the north and
Yendi Municipality to the west (Government of Ghana, 2013). From
2014 to 2016, Tatale-Sanguli and Saboba were the highest millet
and sorghum producers among the top ten districts in Ghana
whiles TataleeSanguli was also among the top 10 groundnut pro-
ducers within the same period. Yendi was the second highest
producer of cowpea and soybeans among the top ten districts in
Ghana from 2014 to 2016. All three districts are among the leading
maize producing districts in the Northern region of Ghana (MoFA,
2017). Even though the northern area supplies Ghana with major
cereals and legumes, there is rampant burning of crop straw in the
region during the dry season where Yendi, Saboba and Tatale-
Sanguli are no exception. This leads to planting crops on bare soil
(Kombiok et al., 2012).
2.2. Sampling and data collection

A multistage sampling technique was adopted in choosing the
communities for the study putting into consideration the
geographical, socioeconomic and demographic profiles of the
households in Yendi, Saboba and Tatale - Sanguli districts. The
socio-economic and demographic profiles were based on popula-
tion trend, housing structures, family size, ethnic composition,
employment rate, land use characteristics, major source of income
e study area.
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and poverty rate of households. Ten communities were randomly
selected from each district making 30 communities for the survey.
The research targets were mainly farming households. The ques-
tionnaire was designed based on review of literatures and consul-
tations with experts in the field of agricultural resource utilization.
A semi-structured questionnaire was used to gather both quanti-
tative and qualitative data. However to ensure the quality of the
data to be gathered, after the first draft of questionnaire was
developed, we did a pretest with some selected farmers in ten
communities in two districts (Yendi and Saboba) of the study area
to modify the questionnaire before the final draft was used. Face-
to-face interaction interviews with 384 households represented
by the household heads were conducted from January to February
2019. For a fair representation of gender, special attention was
made to include women to ensure the sample size had a good
representation of women respondents. All information gathered on
households was based on demographic characteristics, crop and
ruminant production information, methods of crop straw utiliza-
tion and field burning of crop straw. The survey focused on the
quantity of crop straw produced, how they utilize the straw and the
state of straw field burning in the area.
2.3. Estimation of crop straw yield

Straw yield was calculated with Residue to Product Ratio (RPR)
or Straw to Grain Ratio (SG) value from Kemausuor et al. (2014). We
used the formula by Bi et al. (2009) shown in Eq. (1) to estimate
yield for each separate straw type (maize stalks, husks and cobs;
rice stalks and husks; millet straw; sorghum straw; groundnut
stalks and husks; cowpea straw as well as soybeans stalks and
pods).

WS¼ WP*SG (1)

Where WS¼ crop straw yield, WP¼ Crop yield, SG¼ Straw to Grain
Ratio/Residue to Product Ratio.

The total straw yields of maize (stalks, husks and cobs) were
calculated in Eq. (2). Total rice straw yield (stalks and husks) was
calculated using Eq. (3). Straw yield for groundnut stalks and shells
were used to calculate the total groundnut straw yield shown in Eq.
(4).

WSTM¼ WSMS þ WSMH þ WSMC (2)

Where WSTM ¼ total maize straw yield, WSMS ¼ maize stalks yield,
WSMH ¼ maize husk yield, WSMC ¼ maize cobs yield

WSTR¼ WSRS þ WSRH (3)

Where WSTR ¼ total rice straw yield, WSRS ¼ rice stalks yield,
WSRH ¼ rice husks yield

WSTG¼ WSGS þ WSGSh (4)

Where WSTG ¼ total groundnut straw yield, WSGS ¼ groundnut
stalks yield, WSGSh ¼ groundnut shell yield.

We calculated the grand total straw yield of all the major cereals
(maize, rice, millet, sorghum) and legumes produced (groundnut,
cowpea, soybeans) based on Eq. (5).

WSGT¼ WSTC þ WSTL (5)

Where WSGT ¼ grand total straw yield, WSTC ¼ total cereal straw
yield, WSTL ¼ total legume straw yield.
2.4. Data analysis

The questionnaire data was analyzed with IBM Statistical Pack-
age for Social Sciences (SPSS version 22). The data was subjected to
descriptive and bivariate statistics. The descriptive statistics tools
included frequencies, percentages and proportions of the informa-
tion gathered. The data was also subjected to cross tabulation and
correlation analysis. A linear regression analysis was done as shown
inEq. (6) toanalyze factors thatdeterminecontinuous strawburning
in Ghana using the major crops, cereals and legumes cultivated.
Statistical test for significance was at 5% confidence level.

Y ¼aþ b1X1 þ b2X2 þ b3X3 þ…þ bnXn þ ε (6)

Where Y¼ dependent variable, a¼ Intercept, b1-n¼ Coefficients of
the dependent variables.

X1-n ¼ Independent variables that affect straw burning,
ε ¼ Residual term.

3. Results and discussion

3.1. Demographic characteristics of respondents

From the total respondents interviewed 33.1% were from Yendi
municipal, 33.6% from Saboba and 33.3% from Tatale - Sanguli
districts. Farming is the primary occupation for 99.7% of the re-
spondents whiles 0.3% were employees of government and non -
government organizations (Table 1). The higher proportion of
farmers indicates agriculture is the major source of income and this
helps to promote their economic livelihood. Gender representation
of the respondents was more of males (54.4%) than females (45.6%)
with the age of all the respondents ranging from 15 to above 50
years. Our conscious effort to engage women is to get a fair rep-
resentation of straw utilization practices and field burning in the
area since they play a major role in straw utilization.

A significant percentage (34.4%) of the respondents were be-
tween 36 and 45 years old. Household size for majority of re-
spondents ranged from 3 to 10 (42.7%) and 11e20 (42.7%). The large
family size observed was because majority of the households in the
northern region practice extended family system (Ansah and
Issaka, 2018). These large households support farm work, which
helps to ease the burden of hiring farm laborers.

The common cropping systems in the study area are mixed
cropping and crop rotation. The crops cultivated by the households
are maize (98.7%), rice (54.8%), millet (68.2%), sorghum (79.4%),
groundnut (84.9%), cowpea (68.8%) and soybeans (66.1%). Maize
was the predominant crop cultivated by most households. The
straws produced by these households are from cereals and le-
gumes. Major cereal straws produced are from maize, rice, millet
and sorghum while the major legume straws produced are from
soybeans, groundnut and cowpea. Crop livestock system is a
commonpracticewhere livestock rearing plays an important role in
the agricultural system of the area. The farmers usually rear goats,
sheep, cattle, pigs and poultry. All the surveyed households relied
on rainfall as their main source of water for farming. From the re-
sults of the survey, about 92.7% of households rear goats, sheep and
cattle as a source of generating extra income to meet family needs.
The integration of crop and livestock production diversification can
be viewed as a climate change mitigation strategy, which can help
improve the sustainable livelihood of farm households. Ghana’s
farming systems is characterized by livestock production and rain
fed agriculture (MoFA, 2007). Household’s diversification into
livestock production can influence the utilization of straw as feed
for ruminants particularly in the dry season when there is scarcity
of feed.



Table 1
Differences in Demographic characteristics.

Characteristics Categories Percentage
(%) (n ¼ 384)

P value
based on
mean

District Yendi 33.1
Saboba 33.6
Tatale 33.3

Gender Male 54.4 0.294
Female 45.6

Age (years) 15e25 3.9 0.367
26e35 19.0
36e45 34.4
46e55 21.9
Above 55 20.8

Household size 3e10 42.7 0.066
11e20 42.7
21e30 10.4
31e40 4.2

Educational level No education 82.0 0.508
Primary education 4.7
Junior High School (J.S.S) 6.5
Secondary (S.H.S) 5.2
Tertiary 1.3
Adult Education 0.3

Primary
Occupation

Farming 99.7
Employee (Government or Non-
Government Organizations)

0.3

Ruminants reared Yes 92.7 0.133
No 7.3

Main source of
water for
farming

Rainfall 100

Main source of
household
energy

Firewood 100

At 5% significant level.
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A significant proportion (82%) of the household heads had no
formal education. However, those who had primary, junior high,
senior high and secondary educationwere 4.7%, 6.5%, 5.2% and 1.3%
respectively whiles 0.3% had some form of adult education. Farmers
educational level coupled with their indigenous knowledge can
positively influence crop straw utilization. When farmers are
educated, they tend to appreciate the need to practice sustainable
methods of straw utilization and this helps to promote a cleaner
environment. Major source of cooking fuel for all the households
was firewood. However, some households use crop straw as cook-
ing fuel when there is scarcity of firewood or to supplement fire-
wood. There were similarities in gender, age distribution of
household heads, household size, farmers’ level of education and
ruminants reared for the three districts indicating a demographic
homogeneity. All the districts were considered as a uniform pop-
ulation in the analysis.
3.2. Straw yield for major cereals and legumes

Table 2 shows the total straw yield for the major cereals and
legumes. From the results, the average farm size per household for
crops cultivatedwere 4.5 acres (1.8 ha) formaize, 3 acres (1.2 ha) for
rice, 5 acres (2 ha) for soybeans, 3 acres (1.2 ha) for groundnut, 2
acres (0.8 ha) each for millet, sorghum and cowpea. The findings of
our results for farm sizes are similar to the report of Aruya et al.
(2016) where they reported 87% of respondents used 1e5acres of
farm size. Farm size can be associated with utilization of straws. A
research done by Jaleta et al. (2015) showed that farm size posi-
tively influenced quantities of straw incorporated into the soil
while it negatively affected the quantities of straw utilized for an-
imal feed. Our results shows a total crop yield of 1.29 kton was
produced in the study area for major cereals and legumes during
the production season. Using the Residue to Product Ratio (RPR) or
Straw to Grain Ratio (SG) values of Kemausuor et al. (2014), total
crop straw yield produced was 3.05 kton with soybeans straws
having higher yields of 1.04 kton than maize straw (0.97 kton)
(Fig. 3). This shows that more maize and soybeans straws are been
re-used compared to the other types of crop straws. These straw
resources are less costly and readily available at the community
levels. Crop straws are normally available immediately after har-
vest. The availability of abundant straw resources depends on
numerous factors such as crop production and type of farming
system practiced (Illo et al., 2018). Climatic factors also play a major
role particularly when farmers solely rely on rainfall for their crop
production.

Although, soybeans straw yield is higher than maize straw, the
total cereal yield is 1.72kton whiles legume straw yield is 1.33kton.
Cereal straw accounts for 56.4% of the total straw and 43.6% for
legume straw. Our results partly confirm the findings of (Ansah and
Issaka, 2018) who stated that the average straw yield per household
produced for legumes were higher for soybeans followed by
cowpea and groundnut. Lal (2005) discovered that total cereal
straw produced by farmers constituted the highest percentage
(75%) than other straw. The abundance of cereal straw was
emphasized by Alkhtib et al. (2017) where 76.1% cereal straws and
23.9% legume straws were produced in part of Ethiopia. According
to Seglah et al. (2019) cereal straw recorded 72.3% out of the total
straw produced in Ghana from 2006 to 2016 whilst legume straw
was 26.8%. Our results show that there are abundant of cereal
straws produced than legume straws in the study area. Production
of different types of straw has a close association with the abun-
dance of straw resources. This promotes the alternative utilization
of straw instead of focusing on only one re-use method. According
to Jaleta et al. (2015) production of straw has close associationwith
its effective utilization. Estimation of straw resources is necessary
for the quantification of straw utilization methods. Prioritizing the
use of these crop straws for different utilization methods such as
returning to the field, animal fodder, cooking fuel and others will
help reduce farmer’s financial burden. In addition, managing these
straws will satisfy long-term productivity needs of farmers how-
ever if not managed well can cause serious environmental
problems.

3.3. Farm households crop straw utilization

Considering the total cereal and legume straw produced, only
1.23kton (40.3%) of straws were utilized. The utilization methods
are returning to the field to enrich the soil, fodder for livestock,
cooking fuel, for sale and other traditional uses. Out of the total
straw (3.05kton) produced only 40.3% were utilized indicating that
a larger proportion produced by households are considered as
waste. Crop straw is re-use occasionally or every time by house-
holds. Table 3 shows the various straw utilization methods and
proportion of households who practice these methods. 37.0% and
37.8% households returned rice and cowpea straws to the field
(either used as mulch or incorporated into the soil). The proportion
of farm households who return crop straws to the field was higher
than all the other utilization methods. Using straw as mulch or
incorporating it into soil helps in restoring the soil nutrient level for
the next cropping season. Our results corroborates with Ansong
Omari et al. (2018) whose research in the Guinea Savannah zone
of Ghana revealed that a significant proportion of farmers return
straw to the field. Kombiok et al. (2012) emphasized, straw is used
as mulch in the Northern region of Ghana. Abukari (2014) showed
that in Nyankpala, 28.5% and 15% of respondents return maize
stover and cob to the field whiles 7.5% of respondents used maize



Table 2
Total straw yield for Major cereals and legumes.

Crop Farm size cultivated (Acres) Crop yield in kton (WP) Straw SG/RPR (g/g) Straw yield in kton (ws) Total straw yield in kton (WST)

Cereals straw
Maize 1678.5 0.47 Stalks 1.59 0.74 0.97

Husks 0.2 0.09
Cobs 0.29 0.14

Rice 648 0.24 Stalks 1.66 0.39 0.45
Husks 0.26 0.06

Millet 597.5 0.08 Stalks 1.83 0.15 0.15
Sorghum 706 0.07 Straw 1.99 0.15 0.15
Total cereal straw (WSTC) 3630 0.86 1.72
Legume straw
Groundnut 1061.5 0.08 Stalks 2.15 0.18 0.21

Shells 0.37 0.03
Cowpea 478.8 0.05 Shells 1.75 0.08 0.08
Soybeans 1259 0.3 Stalks and Pods 3.5 1.04 1.04
Total legume straw (WSTL) 2799.3 0.43 1.33
Grand total 6429.3 1.29 3.05

WP¼ crop yield. SG/RPR¼ Straw to grain ratio/residue to product ratio. WS¼ straw yield. WST¼ total straw yield. Source: Residue to Product Ratio (RPR) from Kemausuor et al.
(2014).

Fig. 3. Crop straw yield for major cereals and legumes (kton).
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stover as compost. Returning straw to the field is a common straw
utilization method (Huang et al., 2019). Based on our findings, a
high proportion of households incorporate straw into the soil. This
can be attributed to the fact that the practice is the cheapest way to
utilize straw as a mitigation approach to field burning (Liu et al.,
2019). This implies encouraging more farmers to return straw to
the field might be much easier and a cheaper strategy to adopt. Soil
fertility plays a significant role in increasing crop productivity. In
Sub Saharan Africa, soil erosion is a major problem which affects
Table 3
Straw utilization methods and proportion of farmer household practice.

Method of utilization Type of straw and Percentage (%) utilization

Maize straw Rice straw Millet straw Sorg

No use 52.5 54.0 49.4 25.3
Returning to the field 24.8 37.0 36.4 25.0
Fodder 1.1 1.4 1.5 e

Fuel 6.3 e 4.6 14.9
For sale e e e .3
Returning and Fodder 6.1 7.1 5.0 2.6
Returning and Fuel 3.7 e 2.7 9.4
Fodder and Fuel 1.1 .5 1.3
Other use 1.1 e .4 18.8
Returning to field, fodder and fuel 3.4 e e 2.3
Total 100 100 100 100

Note: The blank spaces shows farmers do not use the straw for that particular purpose.
plant growth (Yageta et al., 2019). Returning straws to field is an
effective way to resolve soil erosion problems particularly when
sufficient amounts are maintained on the farms after harvest
(Karlen and Huggins, 2014). This helps to enrich the soil with ni-
trogen, phosphorous, potassium and sulphur (Gadde et al., 2009). It
also improves the physical, chemical and biological properties of
soil (Zhao et al., 2015) which have positive implications on crop
productivity and livelihood of farmers (He and Zhuang, 2013).
Returning straw to the field will help reduce the application of
inorganic fertilizers and promote a cleaner environment (Yin et al.,
2018). It can help farm households spend less in purchasing fer-
tilizers and increase their income levels since the profitability rate
of incorporating straw is higher (Uddin and Fatema, 2016). In
addition, utilization of straw as a soil management option helps to
mitigate climate change issues (Mohammadi et al., 2016).

In using straw as a fodder for livestock, straws from soybeans
(9.3% of households), groundnut (7.6% of households) and cowpea
(7.15% of households) were mainly used. This indicates that farmers
prefer to feed their livestock with legume straws than cereal straws.
The utilization of legume straws as fodder for livestock can be due
to their palatability and high nutritional value when compared to
cereals straws (Illo et al., 2018). In addition, legume straws have
good level of digestibility (Ayatunde et al., 2019). Crops straw plays
important role in crop-livestock farming systems (Teshager, 2019)
and households with livestock are more likely to utilize crops straw
as feed (Jaleta et al., 2015). Crop straws are main source of feed in
the dry season (Ayatunde et al., 2019) due to their abundance after
hum straw Soybean straw Groundnut straw Cowpea straw Other straw

46.5 51.1 48.4 57.4
29.1 32.4 37.8 26.6
9.3 7.6 7.1 11.7
e e

e e e 1.1
15.1 8.9 6.7 3.2
e e e e

e e e e

e e e e

e e e e

100 100 100 100
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harvest. Their nutritive value for ruminants (Haile et al., 2016) can
help improve on meat and milk products. In addition, it enhances
livestock productivity, which helps farmers generate more income.
Growth in the livestock sector can serve as employment for people
and income generated can be used to purchasemore food and other
family needs. This can serve as a driving force to achieve sustain-
able food security as well as improve on the standard of living of
households (Smith et al., 2013). We found that 18.8% of households
used sorghum straw for other purposes such as fencing, making
soap, weaving of baskets andmats, albeit some households practice
2 or more utilization methods.

For the combined utilization of straws, returning straw to the
field and fodder was high for soybeans straw (15.1% of households)
followed by groundnut (8.9% of households), rice (7.1% of house-
holds), cowpea (6.7% of households), maize (6.1% of households),
millet (5.0% of households), other crops (3.2% of households) and
sorghum (2.6% of households) straws. The proportion of house-
holds that practice returning to the field plus fuel were 9.4% for
sorghum straw, 3.7% for maize straw and 2.7% for millet straw
(Table 3). Some households utilize straw as fodder and cooking fuel
using sorghum (1.3% of households), maize (1.1% of households)
and rice (0.5% households) straws. Simultaneous utilization of
straw by returning to the field as fodder and fuel is common with
maize (3.4% of households) and sorghum (2.3% households) straws.
The adoption of more than one utilization method was emphasized
by Berazneva (2013) where out of the 310 households interviewed,
143 re-used maize straw to enrich their lands, as livestock feed and
cooking fuel. This indicates that adoptingmultiple uses of straw is a
household decision. The various utilization methods practiced
shows farmersmight be aware of the benefits of straw utilization as
a mitigation approach against open field burning which is an
environmentally friendly approach (Silalertruksa and Gheewala,
2013). However, demand and utilization of straw resources are
influenced by crop production, individuals’ preferences and avail-
ability of alternative resources. Higher population and livestock
densities can also influence straw use (Valbuena et al., 2015).

Adoption of straw management option is based on factors such
as geographical location, educational level of farmers’, farming
experience, primary occupation and farm size (Ahmed and Ahmad,
2013). Even though straw utilization is being practice, the propor-
tion of households that did not utilize straw was higher than those
who re-use it. The households who did not utilize their strawswere
54.0% (rice), 52.5% (maize), 51.1% (groundnut), 49.4% (millet), 48.4%
(cowpea), 46.5% (soybeans) and 25.3% (sorghum). The high pro-
portion of households that do not re-use crop straws is closely
associated with high quantities of straws unutilized, which are
considered as waste. When large quantities of straws are unuti-
lized, its disadvantages override the benefits. According to Quartey
and Chýlkov�a (2012) large quantities of unused straw get burnt on
the field. Effective straw utilization is unattainable if straws are
considered as waste and abandoned. Even though crop straw is
abundant in the area its utilization rate is minimal which can be
attributed to the fact that farmers had little knowledge on the
benefits of straw utilization while there are vast range of potential
utilization methods which can be practiced effectively (Rosmiza
et al., 2017).

3.4. Farmers’ crop straw field burning practice

From our findings, farmers and hunters mainly burn straw on
the field and in few instances by both (farmers and hunters).
However, some households do not practice straw burning. Fig. 4
shows that 45% of farmers burn their own straw, 36% of house-
holds indicated their straw is burnt by hunters and 4% indicated
both farmers and hunters burn. The combined burning (farmers
and hunters) of straw occurs when hunters partly burns and the
farmers burn the straw remains at the beginning of the farming
season during land preparation. In total, 85% of the respondent’s
crop straws were burnt consciously or unconsciously whiles 15%
practice no burning. The 15% of respondents normally re-use straw
for three main purposes such as returning to the field, as animal
fodder and cooking fuel. The annual occurrence of bush fires
instigated by both hunters and farmers in the savannas (Yahaya and
Amoah, 2013) can cause field burning of straws. The activities of
hunters using fire as a way of getting more wild animals has a
negative impact on crop straw, wildlife species, land and the
vegetation. Based on field observations, burning crop straws and
vegetation leaves the land bare, which causes land degradation. The
quest of getting hunted species is a common practice in the area
with severe environmental implications that needs to be banned.
Our results shares similarities with Yang et al. (2014) where straw
burning in Anhui province of China is still rampant. From our study,
the high proportions can be attributed to the fact that straw
burning is a demographic issue and low educational level of re-
spondents makes burning a common phenomenon in the study
area. Straw burning is a major obstacle in the utilization of straw
which is caused by conscious or unconscious human factors (Shi
et al., 2014).

Field burning of straw is done in the dry season, Table 4 shows
that late dry season (February to April) records the highest period
of straw burning by households (44% of household’s) while the
remaining straw are burnt in the early dry season (November to
January) and early wet season (MayeJuly). From our findings, field
burning of straw is rampant during and after the harvest season.
According to Saggu et al. (2018) straw burning is normally practiced
after harvest. This can cause increasing trend in smoke related
health problems, property loss and affect crop productivity.
Kombiok et al. (2012) indicated that burning of crop straw is
practiced in the dry season when the straws are prone to bushfire.
Majority of farmers in the forest transition zone of Ghana burn in
March and April and this agrees with our findings where most
straw is burnt in the late dry season (February to April). Different
geographical locations and harvesting seasons influence the time of
straw burning. Rice and wheat straws were burnt in parts of Malwa
region in Punjab (India) in OctobereNovember and AprileMay
respectively (Saggu et al., 2018). The period of burning straws can
vary depending on the harvesting period of the crop. In some parts
of Northeast China, straw burning is practice in April, November,
October and March (Fang et al., 2020). In addition, wheat, corn and
rice straws were burnt in June, October and December in Tianjin
(Guan et al., 2017). Emissions due to straw burning were observed
in June whiles some farmers burnt straws at the beginning of the
farming season in spring in other parts of China (Zhang et al., 2016).

3.4.1. Proportion of crop straw and farm size burnt
The amount of straw burnt in the field is about 1.82kton, which

accounts for 59.7% of major cereals and legume straws burnt. From
Table 5, large quantities of straw (82e100%) were burnt. The per-
centage of maize straw burnt was 77.6% while the percentages of
other crops straw burnt are rice (42.2%), millet (49.7%), sorghum
(58.6%), soybean (41.4%), cowpea (47.4%), groundnut (56.5%) and
other crops (sesame, pigeon pea and Bambara beans, 16.9%) straws.
In Malaysia, most straws particularly rice straw is often disposed by
burning on the fields (Rosmiza et al., 2017). On average 23.0% of rice
straw was burnt in Thailand (Junpen et al., 2018). Over half of the
total straw for major cereals and legumes produced were burnt
(59.4%). Maize straw is highly burnt because of its abundance in
most of the households. Continuous burning of straw will have
negative impact on agriculture and farmers livelihood (He and
Zhuang, 2013). Burning of these straws leads to loss of valuable



Fig. 4. State of field burning of crop straw.

Table 4
Season of field burning of crop straw.

Season when burning is normally done

Frequency Percent Valid Percent Cumulative Percent

Valid Early dry season (NoveJan) 72 18.8 22.4 22.4
Late dry season(FebeApril) 169 44.0 52.5 74.8
Early wet season (MayeJuly) 67 17.4 20.8 95.7
Late dry season and Early wet season (FebeJuly) 14 3.6 4.3 100.0
Total 322 83.9 100.0

Missing System 62 16.1
Total 384 100.0
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resources and nutrients, which can be used to fertilize farmlands
and improve on farmers’ livelihood. Frequent burning of straw in-
creases farmers cost of production since they will spend more in
purchasing fertilizers. Farmers in the study area complained of low
crop yields and this could be because of large quantities of straw
burnt instead of incorporating into the soil. These fires can spread
to other areas and destroy farm and forest vegetation (Kumar et al.,
2015). Burning of straws pollutes the atmosphere, which can
release toxic emissions like Methane, Carbon dioxide (CO2) and
Volatile organic compounds (VOC). Continuous release of CO2 will
diminish the oxygen level and greenhouse emissions (Gadde et al.,
2009). When straw burning increases, the higher the probability of
rise in pollution (Wu et al., 2018). These harmful pollutants can
affect both human and animal health. Emissions from straw
burning affect the health of children by decreasing the function of
their lungs (Saggu et al., 2018). Farmers might have to spend more
money to alleviate the health problems associated with field
burning of straw particularly during the months when pollution is
high. Straw burning causes a reduction in working days of farmers
Table 5
Proportion of crop straw burnt.

Proportion Burnt Type of crop straw burnt (%)

Maize straw Rice straw Millet straw Sorghu

1e15% 9.1 6.5 9.4 9.9
16%e30% 18.2 13.3 15.4 18.0
31%e45% 5.2 3.1 2.6 3.1
46%e60% 6.3 3.1 4.4 9.4
61%e81% 6.0 1.0 2.9 4.2
82%e100% 32.8 15.1 15.1 14.1
Total 77.6 42.2 49.7 58.6

Note: The blank spaces shows crop straw was not burnt at that proportion. Other straw
as well as increase their medical cost. In addition, farmers might
spendmore on buying agro inputs such as fertilizers and pesticides.
This can negatively affect the finances of households (Kumar and
Kumar, 2016).

The size of farmland burnt for majority of respondents was
0.1e2.0 acres (Table 6).When households heap crop straws on parts
of the farm to burn they end up burning on small pieces of lands.
This was confirmed by Domínguez-Escrib�a and Porcar (2010) who
indicated that straw is often piled up on some portions of the land
for burningwhich is likely to cause the accumulation of ash at some
parts of the farm. In addition, these households are mostly small-
holder farmers who farm on small portions of land. The size of
farms burnt between 0.1 and 2 acres are as follows maize straw
(60.1%), rice straw (80.9%), millet straw (90.6%) sorghum straw
(90.7%), soybean straw (49.7%) groundnut straw (94.5%) and
cowpea straw (77.4%). Even though the higher proportion of
farmlands burnt were between 0.1 and 2 acres, there were in-
stances where larger farm size between 40 and 50 acres were
equally burnt. Our findings show that farm size plays an important
m straw Soybean cowpea Groundnut straw Other straw

2.9 9.1 16.1 1.0
5.7 14.1 10.7 .8
2.1 2.6 .5 e

3.1 4.4 4.4 1.3
3.4 1.0 1.3 e

24.2 16.2 23.4 13.5
41.4 47.4 56.5 16.9

s include pigeon pea, sesame and Bambara beans straw.
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role in determining the quantity of straw burnt. The size of land
cultivated is closely associated with the size of land burnt. Ac-
cording to McCarty et al. (2007) an average of 40 acres of farm size
were burnt in Arkansas (U.S.A) from 2001 to 2004. In other research
Badarinath et al. (2006) stated that 5504 Km2 and 12,685 km2

under wheat and rice cultivationwere burnt respectively. Farmland
is a principal resource for farming activities but straw burning
cause damaging effect on soil organic carbon. The top soil becomes
dark in colour and easily heats up. Burning can increase the soil
temperature to about 33.8 �C to 42.2 �C, this heat penetrates into
the soil and causes negative effects on soil quality which affects
plant growth particularly shallow rooted crops (Parker et al., 2010).

Straw burning exposes the land to high erosion (Hesammi et al.,
2014), and continuous erosion degrades the soil which might affect
crop yield. The negative effect of erosion on food supply is a global
issue (Sartori et al., 2019). Parker et al. (2010) highlighted that, field
burning of straw is not a sustainable approach since it was observed
that there was a 21% reduction in soil organic carbon which caused
release of 1446 CO2 kg ha�1. The Northern region is agriculturally
driven, and the study area is ranked among the top districts that
provide food in the region. Hence, a reduction in food from these
areas will negatively affect Ghana’s food supply that will be a threat
to food security, increase hunger and poverty levels of farm
households.

3.4.2. Reasons for burning crop straw
Field burning of straw is practiced for numerous reasons, in

Table 7, 154 farm households indicated the essential reason for
burning straw is that, it saves time for them to work on the farm.
The practice also makes ploughing and working on the farm easy
after planting. Other respondents (28) indicated they burn to
reduce pests infestation, increase soil fertility and sometimes
because there is no alternative for utilizing straw after harvest.
Farmers opt to burn straw to reduce the high incidence of scor-
pions, snakes, rabbits and rats, which harm them and destroy their
crops. Some of the reasons for burning straw were lack of training
from extension officers and government support. Lack of govern-
ment support to prohibit field burning of straw influenced the
continuous burning of straw in the area. Our results agrees with
Ahmed et al. (2015) who reported that farmers completely or partly
burns straw to ease farm machinery usage, time saving, increases
yield and improvement of soil quality. In addition, straw burning
helps to reduce pest and rat infestation as well as the spread of
diseases (Rosmiza et al., 2014). According to Aruya et al. (2016) lack
of ignorance on efficient management of straw resources caused
poor management of straw in part of Kaduna state in Nigeria. This
reason might be that farmers do not get access to agricultural
extension trainings on the efficient re-use of straw resources.
Farmers have numerous reasons for practicing field burning of
Table 6
Farm size burnt.

Farm size in Acres

Maize
Straw

Rice straw Millet straw Sorghum straw

0.1e2.0 60.1 80.9 90.6 90.7
2.1e5.0 25.5 10.5 7.8 8.4
5.5e10 9.4 4.3 .5 .9
10.5e15 3.0 1.9 .5
15.5e20 .3 1.2 e e

20.5e25 .7 .6 e e

25.5e30 e e e

30.5e40 .3 e e e

40.5e50 .3 e e e

Note: The blank spaces shows that farm size was not burnt. Other straws include pigeon
straw although most of these reasons have negative effect on the
environment. Their reasons were based on immediate benefits but
they do not consider the long-term effects of their actions.

3.4.3. Negative effects of straw burning
The proportion of respondents who incurred injury or health

issues in the process of burning or trying to quench field fire are
4.2%. The types of injuries were body burns, severe foot injury, high
body temperatures and coughs. However, a larger section of
households did not experience any form of injury. This value is far
below the findings of Yang et al. (2018) where 36% of farmers
indicated they experienced health issues due to open field burning
in China. The low proportion of farm households who experienced
some form of injury may be because some farmers did not directly
burn their straws but rather by hunters. About 82% of respondents
were aware of the bad effects of smoke on human health. Although
high proportion of households indicated they were aware of the
health hazards of burning, they did not have any measures in place
to prevent themselves from any smoke related illness (Kumar et al.,
2015). During straw burning periods, the levels of particulate
matter (PM) are higher (Gupta, 2016). The emissions from straw
burning have negative impact on household health, climate and
crop yield (Lohan et al., 2018). Health problems associated with
straw burning can be cough, skin disorders, pulmonary illnesses,
irritation and dryness of the eyes (Singh, 2018). In some cases, it can
cause asthma and lung cancer (Batra, 2017). In addition, smoke
related issues can affect farmers’ active working time. Farmers’
health and lives are important for the continuous production of
food to satisfy the needs of citizens (Gadde et al., 2009). Pregnant
women and children are more at risk to health problems of straw
burning (Singh, 2018), with severe pulmonary problems experi-
enced by girls than boys (Gupta, 2016). People who experience
severe illness might even die prematurely in the process. Rampant
straw burning can affect visibility and cause road accidents (Singh,
2018). Pollution from straw burning affect both people within and
far away from the burning sites (Batra, 2017) which can affect the
general population. Even though few households did encounter
severe health issues, continuous burning of straw in the area might
cause severe illnesses in the future. Government needs to formulate
policies to help reduce continues burning of straw (Ravindra et al.,
2019) and its negative effects on human. About 8.3% of the
households’ lost their properties due to activities of hunters. Some
of the properties lost were bags of cereals and legumes and har-
vested tubers of yams stored in barns on the farm. In one instance, a
farmer lost his motorbike. According to Raza et al. (2019), field
burning of crop straw causes loss of property and can cause conflict
among farmers. It also decreases agricultural productivity. The
households indicated that field burning of straws affects crop
productivity both negatively and positively. Most of the households
Soybean straw Groundnut straw Cowpea straw Other straw

49.7 94.5 77.4 95.4
32.1 3.8 17.1 4.6
11.9 1.6 4.6 e

5.0 e .5 e

e e .5 e

e e e e

.6 e e e

.6 e e e

e e e e

pea, sesame and Bambara beans straw.



Table 7
Reasons for burning crop straw.

No. Reasons Proportion of households in terms of ‘Order of Priority’ base on reasons for burning

Not a priority Low priority Medium priority High priority Essential

1 Saves time to work on the farm 51 77 8 32 154
2 Saves money 173 139 6 4 e

3 Lack of machines for straw returning to the field 285 37 e e e

4 Lack of machines for collecting straw 286 35 1 e e

5 No alternative method for straw utilization after harvesting 64 56 172 28 2
6 Labour was not available 256 58 6 2
7 No time to remove straw from field before next farming season 88 58 51 102 23
8 Decreases pests infestation 86 81 98 49 8
9 Easy for ploughing 73 88 50 89 22
10 Ease of post planting operations 67 73 47 111 23
11 Increases soil fertility 227 55 23 14 3
12 Lack of training from Agriculture Extension Officers 16 12 212 81 1
13 Lack of government support to ban straw burning 9 3 174 123 13
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(65.7%) indicated field burning of straw decreases their yield while
11.2% said it increases their yield and 6.8% of the respondents stated
they did not observe any change in yield. Our results corresponds
with Ansong Omari et al. (2018) who reported farmers were aware
of changes in crop yield as a result of field burning, there was
decrease (39.5%), increase (37.7%) and no change (10.5%) in yield.
The high proportion of farmers who experience reduction in straw
yield implies that field burning of straw negatively affects crop
yield. The continuous burning of strawwill affect crop productivity,
which can lead to a threat on food security at the study area. This
may cause shortage in food supply particularly cereals and legumes
which will affect both producers (farmers) and consumers. The
negative effects of burning which farmers usually experience calls
for the sustainable utilization of straw resources (Cardoen et al.,
2015).
3.4.4. Determinants of future burning and interventions to reduce
straw burning

A linear regression analysis based on educational level, primary
occupation, farm distance, farm size of major crops harvested, age,
years of farming, farm size of cereals and legumes shows the main
factors that can influence the future occurrence of field burning of
straw. Primary occupation of respondents, farm size of major crops
harvested and major legumes are key influencing factors that affect
farmers’ practice of burning straw at a significance level of 0.27,
0.38 and 0.45 respectively (Table 8). Since primary occupation of
majority (99.7%) of respondents is farming, our results show that
farming activities are more likely to increase the state of burning
crop straw. In addition, expansion in area of major crop harvested
or legume straw farm size can influence the state of burning. This
may be because legumes straws are re-use as livestock feed instead
of multiple utilization methods. This renders majority of legume
straws to be abandoned on the farm for animals to graze on or left
on the field to be burnt. Increase in farm size can cause abundance
of straw resources which will be difficult for farmers to manage
hence they might resort to straw burning.

This agrees with Ahmed et al. (2015) who indicated that farm
size has a negative effect on field burning of straw. According to the
authors farm size plays an important role in affecting how farmers
manage straw. They hypothesized that the larger the farm themore
likely straw will be burnt. Straw field burning increases with farm
size (Ahmed and Ahmad, 2013). Findings from Junpen et al. (2018)
showed that burning of rice straw by farmers increased from
284,000 ha in 2011 to 465,000 ha in 2012. In addition, Wu et al.
(2018) indicated that there were records of high straw burning
emissions in some provinces in China due to vast farm sizes. Farm
size has a relationship with farm household’s decision to practice
field burning of straw (Haider, 2013) which has a negative impact
on the environment and its inhabitants. In England, farm size is a
determinant for farmers to incorporate straw into the soil. Which
implies that increase in farm size positively influence farmers
returning straw to the field (Townsend et al., 2018). This contrast
can be due to the policies and measures various governments have
put in place towards field burning of straw. From our findings
majority of households (99%) indicated they were not aware of
government intervention to prohibit burning. Only 1% of the total
respondents were aware of government’s intervention against field
burning. This indicates that, government intervention towards field
burning have future implications. Large farm size can positively
influence the availability of straw resources (Iye and Bilsborrow,
2013). In addition, increase in crop productivity will lead to in-
crease in the total straw burnt (Arai et al., 2015). If appropriate
measures are not enforced, crops straw burning will increase over
time (Jin et al., 2018) specially when farmers continue to expand
their farmlands.

The households indicated the need for government and in-
dividuals to play their role to stop field burning of straw. About
18.2% of farmers stated they will stop field burning of straw while
20.3% indicated they will decrease the rate of field burning. Their
decision to stop straw burning can be because of their attitude and
experience over the years. Farmers’ attitude can be linked to their
long time experience of field burning and the alternative methods
of straw utilization available. Those who experience negative ef-
fects of straw burning are more likely to stop and practice straw
utilization (Raza et al., 2019).

Field burning of straw is difficult to stop over a short time (Wu
et al., 2018). From our research, even though some farmers agreed
they will stop burning, Cassou (2018) emphasized that farmers
always procrastinate hence their intention to stop field burning of
straw is never accomplished. Some farmers (10.2%) also indicated
they would need education/trainings on straw utilization methods
whiles 6.5% iterated they would create fire belts around their farms
in the dry season to prevent the spread of fire caused by hunters
from burning their farms. Majority (80.5%) of the households
indicated they need government intervention to help stop straw
field burning. The type of government support varied with 46.9%
indicating government needs to enact laws to prohibit straw field
burning. However, others stated government needs to empower
the Ministry of Food and Agriculture (MoFA), fire service unit,
Chiefs, traditional authorities to pass laws at the district levels and
punish culprits. Government’s intervention can also be through
education and creating awareness through training of farmers by
Agriculture extension Agents (AEAs) in utilizing straw. Education
helps individuals to be aware of problems associated with the



Table 8
Regression Analysis of Major legumes and cereals cultivated.

Model Standardized Coefficients p value

Beta

1 (Constant) .805
Level of Education .089 .089
Primary Occupation of respondent .115 .027
Farm size harvested in Acres for major crop �1.109 .038
Age in Years .027 .693
Years of farming .032 .634
Major crop farm size in Acres .771 .155
Major cereal farm size in Acres .236 .052
Major legume farm size in Acres .232 .045
Distance in Km -.010 .851

At 5% significance level.
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environment and their health (Kumar and Kumar, 2016). It also,
influences their decision to utilize crop straw. These trainings
enlighten farmers to adopt new and improved methods of straw
utilization (Supaporn et al., 2013). Rosmiza et al. (2017) emphasized
the need for government and agricultural agencies to provide
technical trainings and necessary machinery and logistics for
farmers to re-use straw resources efficiently and stop burning.
Agricultural extension services helps to build the capacity of
farmers and this has a positive influence on straw utilization.
Effective agricultural extension service delivery increases farmers
rate of straw utilization (Jaleta et al., 2013). There is the probability
that farmers’ who have access to agricultural extension services
practice straw utilization in a sustainable manner (Raza et al.,
2019).

Both government and farmers play an important role towards
the utilization of straw resources. Farmer households need to invest
in straw utilization, however, without the intervention of govern-
ment, it will be difficult for this to be sustainable (Zhang and Wu,
2018). Government support should also focus on eco-friendly
ways to manage straw which requires less funding (Qu et al.,
2012). There is the need for a combination of both farmer and
technical knowledge (Ingram et al., 2018) for effective utilization of
straw resources. In addition, Ghana needs a national policy on crop
straw burning to reduce the rampant state of burning. Government
supporting farmers through education, awareness creation, train-
ings coupled with policies will empower farm households to un-
dertake sustainable environmentally friendly practices (Parker
et al., 2010) which will promote cleaner production.

4. Conclusion and recommendation

The total crop straw yield produced in Yendi, Saboba and Tatale-
Sunguli for major cereals and legumes was 3.05 kton. Cereal straw
yield had the highest percentage of 56.4% while legume straw was
43.6%. About 1.23kton (40.3%) of crop straws were utilized. The
major utilization methods of crop straw in the districts are
returning to the field (as mulch or incorporated into the soil),
cooking fuel, fodder for livestock, sale and other uses (fencing,
weaving, constructing huts and making soap). About 1.82kton
(59.7%) of straw were openly burnt on the field. Either farmers,
hunters or both normally practiced field burning in the dry season.
The major reasons farmers burn straw are to save time during land
preparation, ease ploughing and post planting operations. It also
increases soil fertility, however, farmers indicated they burn straw
because of inadequate knowledge on alternative methods of straw
utilization which is closely related to inadequate agricultural
extension trainings and lack of government support to ban field
burning of straw. Field burning in Northern region has negative
effects on human health, land, crop productivity, household
livelihood and the environment. A linear regression analysis
showed farming and farm size (major crop harvested and legumes)
are the key influencing factors that affect straw burning practice.
Increase in farming and farm size has a higher probability that field
burning of straw will be practiced. There is the need for a
comprehensive role on the parts of farmers, hunters and govern-
ment to curtail field burning of straw which will help ensure the
effective utilization of straw resources. We suggest that at the
community levels chiefs or traditional leaders need to set voluntary
monitoring teams to stop the activities of straw field burning. In
addition, farmers need to form cooperatives or intensify already
existing ones and prioritize straw utilization methods. Base on the
inefficient utilization of straw resources and constant field burning,
we suggest the following to government:

� Invest in Irrigation and mechanized farming: Government in-
vestment in irrigation system andmechanized farm implements
particularly in the study area will help to promote crop pro-
ductivity and ensure farming all year round. Provision of farm
machinery eases farming operations and increases productivity.
Increase in crop productivity will positively influence straw
yield.

� Intensify trainings and Campaigns on effective crop straw uti-
lization: Government must equip the Ministry of food and
Agriculture (MoFA) to train farmers on various straw utilization
methods. These trainings must be instituted throughout the
farming seasons. Liaising with Non-Governmental Organiza-
tions (NGOs) to train farmers will also help to inform them
about the benefits of straw utilization and thus reduce burning.

� Promote research and development of crop straw: The Gov-
ernment needs to support scientists to research and develop
straw utilization across the country. Promoting and financing
research and development of utilizing straw will help ensure
effective management of straw. Efficient utilization of straw will
help promote economic development of the country.

� Prohibit field burning of straw: Government needs to employ
administrative measures such as policies, which are consistent
across all regions in Ghana to prohibit and punish culprits
against field burning of straw. The policies must be supported
with constant monitoring to make the approach more effective.
Prohibiting field burning of straw will help to promote the
effective utilization of straw in a sustainable manner.

These measures will ensure abundance and efficient utilization
of straw resources within the study area and in the Northern region
in general. The prevention of field burning of straw will promote
cleaner production and sustainable development. The limitations
in this research are that, respondents were only farmers but we
could include non-farmers since hunters unconsciously practiced
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straw burning as well. Further research will require the involve-
ment of government institutions particularly Ministry of Food and
Agriculture and other agricultural related institutes and stake-
holders to ascertain their engagement in straw research and field
burning. We focused on major cereals and legumes straw but other
sources of crop straw can be explored since there are diverse straw
resources in Ghana. In addition, future research should quantify the
proportions of straw re-used for the various utilization methods
coupled with the cost benefit analysis of straw utilization and
burning to help give a better idea on the need to efficiently utilize
crop straw. Future research must be extended to remaining regions
of Ghana to cover the whole country.
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