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Identifying the socio-economic constraints of seeding technologies uptake and analyzing the
Received: December 24, 2022 yields, milled quality and growers’ income under various seeding methods are a strategy for
sustainable rainfed lowland rice. A survey and an on-farm experiment were carried out at

Accepted: January 13, 2023 five locations with a random sample of 50 farmers grouped in five of the fourteen partner
Published: January 17, 2023 Fcfc;operatiyes of ESQP—Pagouda. The survey focused on socio-economic data collecti.on.
e experiment, replicated at five locations, involved three treatments: broadcast seeding,

direct seeding, and transplanting. The paddy rice yields and milled rice quality were analyzed
using R software version 4.1.3, and arithmetic means discriminated at the 5% by the Duncan
test. The profitability indicators, such as the Gross Margin (GM) and the Benefit/Cost Ratio
(BCR), were calculated. The results showed that 14% of farmers adopted rice transplanting
method. The transplanting method increased rice yield (3.3 t/ha) compared to direct seeding
(2.8 t/ha) and broadcast seeding (2.2 t/ha). The milled long grain rate (56%) was significant-
ly higher than those under both seeding methods. Additionally, the transplanting method
improved the gross margin (1,146 $USD/ha) compared to 663 $USD/ha and 431 $USD/
ha for direct and broadcast seeding, respectively. The benefit/cost ratio 1.5 for transplanting
was almost double from that of both seeding methods. Despite its high demand for labor
and agricultural inputs, the transplanting method provided the highest paddy rice yields and

Keywords

Seeding Method, Milled Rice
Quality, Rainfed Iowland
Rice, Farmer Profitability,
Wet Savannah, Togo

milled rice quality to improve farmers’ income.

INTRODUCTION

Source of carbohydrates for human nutrition and second
most cereals consumed after wheat, rice crop provides
for most of the world’s population (Dianga ¢ al., 2021,
Bassuony & Zsembeli, 2019; Graham-Acquaah ¢ al,
2018). In Sub-Saharan Africa (SSA), where 30% of the
population is in extreme poverty and food insecurity,
demand for rice increases due to population growth and
a shift in consumer preference (Balasubramanian. ez 4/,
2007). Unfortunately, local rice production cannot keep
up with or satisfy the rising global demand for rice despite
the potential for rice production (Graham-Acquaah ef
al., 2018). Rice production is still characterized by low
paddy yields, high post-harvest losses and low milled
yields (MAEH, 2016). The yield increase rate was not
sustaining to attain rice self-sufficiency (Arouna ez al,
2021). The national production deficit is compensated by
rice imports of sometimes dubious quality, resulting in a
significant foreign exchange leakage (Arouna e al., 2021;
Yovo, 2010).

To achieve improved productivity, the challenge is to find
sustainable, accessible technologies (Guibert ez a/., 2016).
According to Abdulai ¢z al. (2018), adopting improved
agricultural techniques can increase rice production.
Unfortunately, several personnel constraints, psychological
constraints, and socio-economic constraints, including
demanding access to irrigation water, a lack of high-
quality seeds, a lack of farmer knowledge and training,
and high input (irrigation, fertilizer, labor, seeds) costs,
prevent the adoption these new technologies (Shriwas
et al., 2019; John & Fielding, 2014). Many factors, such

as agronomic practices, affect the yield and quality of
milled rice directly or indirectly (Ilieva ez al., 2019). So, the
innovative technologies should not only increase paddy
yields, but also improve the milled rice quality and the
farmers’ income. Thus, for both farmers and consumerts,
rice’s value can increase with improved grain quality
(Prom-u-thai and Rerkasem, 2020).

According to several researchers (Arsil er al, 2022;
Balamurugan & Rajasckaran, 2019; Kahimba ez a/, 2014),
the system of rice intensification (SRI) is an agronomic
approach for increasing rice productivity by using fewer
inputs for more outputs. However, its adoption by the
rice growers requires changing the farming practices
as sowing method. The farmers should abandon direct
and broadcast seeding methods widely practiced for
Thus,
organized in cooperatives were trained in transplanting

transplanting methods. lowland rice farmers
through the on-farm demonstration method (Donkoh ez
al., 2019; Rashid ¢ al., 2019; Udimal ¢z a/., 2017).

In addition, the studies showed that the seeding methods
influence the rice yield and milled rice quality (Rashid ez a/.,
2019; Sorkpor, 2015; Rana e al., 2014; Bhuyan ez al., 2012).
However, researchers are divided on the best method for
planting rice. Some (Bassuony and Zsembeli, 2019; Troy
and Picaud, 2013; Bhuyan ez a/., 2012; Krupnik e# al., 2012;
Ehsanullah ez @/, 2007) believe that the transplanting
method is a new approach to increasing grain yield,
for improving water and fertilizer use efficiency, for
improving significantly the milling characters and the
1,000-grain weight. Others (Chen ¢ al., 2020; Dendup ez
al., 2018; Kaur & Singh, 2017; Rana ez al., 2014) argue that
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the direct seeding and broadcasting methods get many
advantages like less labor, low production cost, less water
use, less methane emission, high economic profit, low
crop maturity duration. Facing this scientific divergence,
determining the difference in yield and milled rice quality
and farmers’ profitability under various sowing methods
is the way to sustainable rice growing. The objective is to
assess the effects of rice sowing methods on yield and
milled rice quality for improving the small farmers’ income
and consequently enhancing the rate of transplanting
method uptake.

MATERIALS AND METHODS

Study Area

The study was carried out from March to December 2021
at five locations in the humid savannah, between 9°44°0”
North and 1°19°0” East, with the Republic of Benin
in the East (Figure 1). This area has a Sudano-Guinean
climate characterized by an alternating dry season from
November to April and a rainy season from May to
October. The average annual rainfall varies between 900
and 1000 mm, with extreme temperatures between 18 and
40°C. The soils, hydromorphic and ferruginous tropical
types, are little evolved from erosion and alluvial input
(Faure, 1985). The relief, which is very varied, is made
up of alternating plains, valleys, and plateaus dominated
by old rugged massifs, with quite contrasting aspects
that extend to the borders of Benin and Ghana. The
hydrographic network is essentially characterized by the
Kara River and its tributaries, a Volta sub-basin. This area
has enormous lowlands intended mainly for rainfed rice
cultivation, hence the choice for this study.

100"

Plant Material and Fertilizers

The plant material was the IR841 variety because of
its production by all the farmers in the study area. This
aromatic grain variety, introduced in 1973, is adapted to all
regions of Togo, is resistant to lodging and has an average
yield of 3-4 t/ha with a potential of 6 t/ha (Adomefa ez
al., 2007). The mineral fertilizers used are N15P15K15
complex and urea 46%.

Processing and Measurement Equipment

The processing equipment consisted mainly of:

= an clectronic winnowing machine to remove all
impurities from the paddy rice, such as sand, stones, weed
seeds, plant debris, and empty rice husks;

= a hulling machine to remove the husk from the paddy;
= a2 manual winnowing machine to remove all kinds of
impurities from the husked rice; especially empty husks

= a grading machine to separate the whole grains from the
broken grains;

= basins for sorting and winnowing;

= a weighing machine to determine the weight of the
different products.

Data Collection Materials

Socio-economic data were collected using a questionnaire
administered to farmers’ members of the partner
the
organization of producers (ESOP-Pagouda). Then, a

cooperatives  of enterprise of services and
form was established for the monitoring and field data
collection from soil preparation to harvest and post-
harvest activities.
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Sampling and Experimental Design

First, a survey was conducted among 50 farmers out
of 147 grouped into 14 partner cooperatives of the
enterprise of services and organization of producers
(ESOP-Pagouda) to collect socio-economic data. Thus,
a sample of 5 cooperatives was randomly selected to
conduct the trial, which was set up on-farm with three
treatments: broadcast seeding, direct seeding, and
transplanting. These locations are: Farende, Kagnigada,
Lidao, Tchade-Lemdé and Sirka. Each treatment of 0.25
ha was replicated simultaneously at the same time in the
five localities covered by this study.

Setting up the crops
The setting up of the crops began with the choice and
the land preparation, which included clearing, plots
delimitation of 0.25 ha each, and plowing followed by
harrowing. The plots’ borders were then raised to an
average height of 30 c¢cm to ensure water availability
throughout the growing season and to avoid fertilizer
losses through runoff. The prepared seeds were put in
the nursery at a rate of 100 g/m” A second patt was
sown directly in line and by pocket at a rate of 3 to 5
grains by pocket according to a spacing of 15 cm X 20 cm
as recommended by Uddin e# a/. (2011), and a third part
was sown by the broadcast method. The transplanting
was performed after ten days of nursery according to a
spacing of 15 cm X 20 cm as recommended by Uddin
et al. (2011). The seedlings were removed two weeks
after direct seeding to maintain three plants/pocket.
For mineral fertilization, 200 kg/ha of N15P15K15 was
applied before sowing as basal fertilizer, 150 kg/ha of
Urea 46% was applied at tillering initiation and panicle
initiation in the order of 100 kg/ha, and 50 kg/ha. 120
kg/ha of potassium chloride was applied at the panicle
initiation stage. The weeds were manually removed to
avoid losses in rice quality and yield.
Harvesting occurred in the morning (6:00 to 10:00 a.m.)
before the heat of the day or in the afternoon (3:00 to
6:00 p.m.). Harvesting, threshing, and winnowing were all
done manually. Grain yields of paddy rice were calculated
using the following formula:

Yield (t/ha)=(outputs (t)/atea surface (ha) .....(1)

Pre- and post-harvest operations

In order to ensure that the results observed were related
only to the sowing method, the pre- (site selection,
soil preparation, sowing, fertilization, maintenance,
(drying,
storage, grading,)
happened under the same conditions. Harvesting took

harvesting) and post-harvest operations

threshing, winnowing, shelling,
place when the entire rachis of the panicles of most (at
least 2/3) of the plants on the plot was straw-colored ot
golden yellow since harvesting too eatly results in mealy
grains and harvesting too late (grain too hard) results in
high shattering rates.

The processing steps were as follows:

1. electronic winnowing to remove dust, stones, sand,

and other debris from the paddy

2. hulling to separate the paddy from its outer husks

3. sorting and manual winnowing of unhulled grains
and weed seeds by women

4. sizing to separate chips from long grains

5. conditioning,

Data Collection

The different yields of paddy and milled rice were
determined by weight measurement. Milling yield is
defined as the ratio of milled whole rice weight to broken
paddy weight, and breakage rate as the ratio of broken
grain weight to total milled rice weight (Laignelet e /.,
1983).

The various milled rice rates are estimated from the
formulas below:

HRR=QMRH/(QPR )*100 @)
LGR=QLGS/(QMRH)*100 3)
BR =QBS/QMRH*100 )

where: HRR = hulled rice rate; QMRH = quantity of
milled rice obtained after hulling; QPR = quantity of
paddy rice; LGR = Long grain rate; QLGS = Quantity
long grain obtained after sizing; BR = breakage rate
The quality assessment and comparison parameters of
milled rice are:

1. cleanliness of paddy rice;

2. hulling rate;

3. bran content;

4. rate of whole grains;

5. rate of broken grains.

Data Analysis

The socio-economic data collected was entered into
IBM SPSS Statistics 20 softwate, from which the various
percentages and averages were calculated. The data of
paddy and milled rice yields and rice bran were used to
compare the different treatments using R software version
4.1.3 by analysis of variance. The different arithmetic
means of the different treatments were discriminated and
compared by the Duncan test at the 5% threshold when
a significant difference was found. Percentage data were
transformed using a circular function yZarsin\/ (X/100)
in order to homogenize the variances and to ensure
normality to the off-axis distributions.

Profitability Analysis
To make the comparative analysis of the profitability of
the different sowing methods, the indicators such as the
Gross Margin (GM), the Benefit/Cost Ratio (BCR), and
the Internal Rate of Return (IRR) were determined from
the following formulas:

GM=GP-IC (5)

BCR=GM/IC (6)
where GM = Gross Margin, GP = gross product and I
C = input cost

RESULTS
Socioeconomic aspects and sowing methods practiced
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by rice farmers

The results showed that men represent 88% of the rice
farmers surveyed. Membership in the cooperatives ranged
from 7 to 13, with women ranging from 0 to 30% (Figure
2). Only the others are widows. All the females were
widows except one woman whose husband was a teacher.
Ninety-two percent of the rice farmers were illiterate, 8%
had primary education, and most did not know their age.
The results revealed that the area sown by women is
comparatively higher than that held by men. However,
over 85% of the rice farmers had fewer than 2 ha (Figure
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3). The small size of the areas sown results from traditional
rice cultivation, with farming operations carried out by
hand, without mechanization.

Of the total number of rice farmers, about 60% practiced
direct seeding, and only 14% had adopted transplanting
(Figure 4). In all the study locations, transplanting was
pootly adopted as opposed to direct seeding, which is
preferred. However, in Sirka, broadcast seeding was
more widely observed (Figure 5). In addition, the results
indicated that 5% of male farmers adopted transplanting,
and 7% of female farmers adopted transplanting
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Figure 2: Distribution of cooperative members according to gender
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The adoption constraints to transplanting expressed
by rice farmers were diverse. These included a lack of
labor and financial resources, as transplanting requires
additional work; habits based on traditional practices;
lack of knowledge of the transplanting technique; lack

of monitoring and supervision technicians; etc. (Figure
6). The rice growers widely mention constraints related to
the lack of financial resources and labor at 92 % and 86
%, respectively. However, the conservation of traditional
agricultural practices is little mentioned at 22%.

Lack of knowledge of the
transplanting

Lack of labor
100
80
. i
Habits based o ancestral Lack of financial resources
practices
20

Lack of monitering and
supervision technicians

Transplanting considered
complex

Figure 6: Constraints of Transplanting adoption

Effects of location on paddy rice yield

The yield mean of data collected in all sites was calculated
at the 95% confidence interval with and standard error.
Analysis of these means showed that location had no
significant effect on rice yields in similar conditions
of the experiment (Table 1). However, although the
observed difference was not significant, Kagnikada
farmers recorded the highest yield, while the lowest yield
was obtained at the Sirka site.

Table 1: Effects of location on paddy rice yields

Location Paddy rice yields (t/ha)
Kagnigada 3.00 £ 0.61a

Lidao 297 £0.72 a

Tchade - Lemde 2711078 a

Farende 2.66 + 0.67 a

Sirka 2411 0.70 a

p-value 0.159

cv% 19.91

LSD (« < 0.05) 0.71

Effects of sowing method on paddy rice yield and
milled rice quality

The sowing method significantly influenced the rice
yields. The Duncan comparison test at the 5% threshold
revealed the existence of distinct homogeneous classes
between the three seeding methods. The transplanting
method induced the highest yield (3.26 t/ha), while the
yield under the direct seeding method was statistically
intermediate to both rice yields (Table 2). The results
show that the average gain compared to broadcast
seeding was 47.51% and 25.33 % for transplanting and
direct seeding methods, respectively.

The sowing method had a significant effect on milled rice
quality. As indicated in Table 2., the comparison test at
the 5% threshold showed that the milled rice long grain
rate was lowest (48.99 %) and the milled rice breakage
rate under the broadcast seeding method was highest
(51.01 %).

Compared to the transplanting method, the gap was
around 5% and 1% from the direct and broadcast seeding
methods, respectively.

Table 2: Effects of sowing method on paddy rice yield and milled rice quality

Sowing method |Paddy rice yields (t/ha) |Milled rice long grain rate (%) | Milled rice breakage rate (%)
Transplanting 3261 0.17a 55.99 + 0.04a 44.01 £ 0.06¢

Direct seeding 2.77% 0.11ab 55.03 £ 0.07b 4497 £ 0.27b

Broadcast seeding |2.21 * 0.15b 51.01 £ 0.06c 48.99 = 0.01a

p-value 7.21e-05%+* 8.97e-09 *wk 2.26e-08 *¥*

cv% 19.91 0.059 0.972

LSD, (x<0.05) 0.86
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Effects of sowing methods on rice farmers’ profitability
Labor costs, agricultural inputs costs, and profit among
the three sowing methods were estimated through the
operating accounts (Table 3). The broadcast seeding
method observed the lowest production cost (460 $USD
/ha). Compared to direct seeding and broadcast seeding,
the transplanting method increased the cost of production
by 19.95% and 55.87%, respectively. The transplanting
method increased direct and broadcast seeding labor
costs by 38% and 64.26%, respectively. In addition, the
cost of the inputs (seeds, herbicides, fertilizers) under the

transplanting method was 11.11% and 14.29% less in the
case of direct seeding and broadcast seeding, respectively.
However, the highest gross margin was achieved in the
transplanting method (1,146 $USD/ha). Compated to
direct seeding and broadcast seeding, the transplanting
method improved the gross margin of farmers at 72.85%
and 165.89%, respectively. The benefit/cost ratio was 1.6
for the transplanting method, 1.1 for the direct seeding
method, and 0.9 for broadcast seeding methods. As a
result, the transplanting method was as profitable as the
other two methods.

Table 3: Operating account of the various seeding methods

No. |Operations Transplanting |Direct seeding | Broadcast seeding
($UDS) ($UDS) ($UDS)
1 Recipe
1.1 Long grain 1,223 816 543
1.2 Broken rice 641 445 348
Total recipe 1,864 1,261 891
2 Cost
2.1 Inputs cost (seeds, herbicides, fertilizers) 144 160 168
2.2 Equipment costs (sicklewood, cut, Pulver, bags, 129 90 69
hoe, cotd, etc.)
2.3 Labour costs (tillage, fertilizer application, 294 213 179
transplanting, manual weeding, harvest, transport,
etc.)
2.4 | Post-harvest operation costs (winnowing, sorting, |152 135 45
machining, bagging, etc.)
Total costs 718 598 460
Gross margins 1,146 663 431
BCR 1.6 1.1 0.9
DISCUSSION the labor shortage was one of the major constraints rice
Socioeconomic aspects and sowing methods farmers face in adopting agricultural technologies at 80%

practiced by rice growers

As the results showed, the women rice growers were all
widowed except one. So, their low proportion of rice
farming can be explained by the fact that men are the
main houschold managers, and women generally only
become heads of a household when their husbands die
or divorce (DSID, 2013). Also, it should be noted that
men have more of a monopoly on access to land and
therefore own most rice farms (MAEP, 2010). Thus,
women and children constitute a labor force for the
agricultural activities of the head of the household, who
is the man, and consequently cannot own their own
farms. This would justify why women ate less interested
in rice cultivation.

The transplanting was low adopted by the rice growers at
a rate of 14%. This low rate for transplanting adoption
compared to other sowing methods can be justified
by lack of agricultural credit, unavailable family labor,
lack of on-farm demonstration and ignorance of
transplanting profit, etc. According to several authors
(Shriwas ez al., 2019; Udimal ez al., 2017), rice technology
adoption is influenced by: growers’ education level, credit
access, on-farm demonstration, family labor, and profit
orientation of the farmers. In India, a study showed that

(Karangami e al., 2019). According to Kaur and Singh
(2017), labor scarcity during peak periods was one of
many constraints of transplanting method adoption and
direct sowing, and the oldest method is gaining populatity
because of its low-input demand.

The maximum education level of rice growers is primary
school, and the area of 90% of plots was more than one
hectare. This makes it difficult to adopt transplanting due to
alack of agricultural labor and transplanting mechanization.
Addison ez al. (2022) showed that education and farm size
inhibit the selected technologies’ uptake.

the results of this study showed that the adoption rate
among women is higher than that of men. So, women
are more supportive of new technology than men, unlike
Addison ez al. (2022), who found that female inhibits the
uptake of the selected technologies. Adoption constraints
of transplanting mentioned by the rice growers
corroborate with Dendup e a/. (2018), who showed that
direct seeding or broadcasting compared to transplanting,
required less labor and rice production cost. Further, In
India, rice growers expressed a lack of knowledge and
complicated practices as technological constraints by
73% and 69%), respectively (Balamurugan & Rajasekaran,
2019).
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Effects of sowing methods on paddy yields, milled
rice quality and profitability

The study results showed that the transplanting method
induced paddy yields (3.26 t/ha) to half the potential of
the IR841 vatiety (6 t/ha) as demonstrated by Adomefa
et al. (2007). In the same way, several authors showed that
transplanting improved paddy yields (Troy & Picaud,
2013; Bhuyan et al., 2012; Krupnik ez al., 2012; Ehsanullah
et al., 2007). On the other hand, Rana e a/. (2014) showed
that the highest rice yield was obtained with the direct
seeding method.

The rice sowing method significantly influenced the milled
rice. The highest milled rice quality was obtained through
the transplanting method. Similarly, Nessreen ez a/. (2019)
showed that the milling characters as 1,000-grain weight
from the transplanting method were high compared to
broadcasting; Likewise, the transplanting method induced
high rice milled quality as the husking grain ratio, length,
and width value (Abou-Khalifa ez al., 2021).

The results showed that the labor cost under the
transplanting method was the highest, and the input cost
was the lowest. Similar findings were recorded as labour
requirements and costly input costs were mentioned
by Parte e al. (2019). Nevertheless, the production
cost induced by the transplanting method in this study
(19.95% and 55.87% compared to direct seeding and
broadcast seeding, respectively) was lower than 53% and
42% under direct seeding and broadcasting methods
(Dendup e/ al., 2018). Economic analysis of input costs
and recipes under various sowing methods showed that
the transplanting method improved the framers’ income
better than direct sowing and broadcast sowing methods.
If this study revealed that the farmers’ gross margin
under the transplanting method was improved at 19.95%
and 55.87% compared to direct seeding and broadcast
seeding, Parte e/ al. (2019) indicated that the gain was at
4.9% and 45.31%. On the contrary, Chen e al. (2020)
revealed that the direct seeding method did not increase
paddy yield compared to the transplanting method but
significantly improved economic profit. The benefit-cost
ratio under the transplanting method (BCR = 1.6) and
direct sowing (BCR = 1.1) greater than 1 showed that
both the technologies were economically feasible options
contrary to the broadcast sowing method whose BCR was
lower than 1 (Razzaq et al., 2018). Then, the transplanting
method is a more sustainable sowing method than the
sowing methods.

CONCLUSION

This research first studied the adoption constraints of
the transplanting method in rainfed rice and secondly
showed the effect of the seeding method on the rice yield
and milled rice quality. Thus, the transplanting method,
compared to direct seeding and broadcast seeding
methods, was not adopted by most rice farmers due to its
labor requirements and high production costs. However,
the transplanting method increased the paddy rice yield
and the milled rice quality through the low broken rice

rate. In addition, the farmers’ incomes could be improved
using the transplanting method. Moreover, although the
rice farmers’ profit under the transplanting method was
the highest, direct seeding was also profitable. This study
did not focus on water management at the plot level, the
physicochemical characteristics of the soil (e.g.,, organic
matter, fertility, texture, etc.), or rice grain humidity
before and after hulling. In perspective, research must
be conducted to reduce labor costs in rice transplanting
method in order to improve the income of rice farmers.
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