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Abstract

Agricultural innovations are keys to economic growth, income stability as
well as nutritional enhancement particularly in marginal areas since they are
well-adapted to poor or unpredictable agro-ecological conditions. Innovation
is a critical player that is seen to bring competitiveness, increase productivity
and efficiency to agrienterprises. Despite that, there is limited empirical evi-
dence on whether the uptake of the innovations has on sorghum competi-
tiveness in small scale farm level agriprenuers in most ASALs of Eastern
Kenya. This study examines the effect of production and market innovation
on the competitiveness of sorghum agriprenuers, using primary data col-
lected in 2019 from a total of 384 randomly selected small scale agrienter-
prises. A multivalued treatment effect model was applied to determine the
role of innovation on the competitiveness of sorghum enterprises. Farm pro-
ductivity and gross margin analysis were used to measure the competitiveness
of the agrientreprises. The results indicated that gross margin and farm pro-
ductivity of sorghum agrienterprises increase with an increase in the number
of innovations used. These innovations include the uses of improved sor-
ghum seeds, conservation agriculture, and group marketing. But also, there
was a decrease in both gross margin and productivity for the agrienterprises
with the highest number of innovations in the farm at saturation level. The
results implied that the kind and the number of innovations employed in
agrienterprises development are critical in its profitability and productivity.
Therefore, interventions targeting usage of innovations in sorghum agri-
enterprises should be sensitized to integrate different innovations on product,
process, and market in enhancing competitiveness.
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Treatment Effect, Small Scale Agrienterprises

1. Introduction

Agricultural development is fundamental for sustainable economic development
and poverty alleviation in developing countries. It is also the primary source of
food and a contributor to household economies. Agrienterprises hold a major
share in the provision of raw materials for industries and the national economy
(Dar & Laxmipathi, 2013). Similarly, (Grebmer et al., 2010) maintain that in-
come from agriculture is the major source of satisfaction in a nation’s health and
educational needs. Kenya’s agriculture sector is important too in alleviating
poverty, 60% of the population earn their livelihood from the sector and also
contribute to 50% of the country’s gross domestic product (GDP), about 65% of
the export earnings, and 18% of the formal employment (GoK, 2017). Despite
this, 53% of rural Kenyans live below the poverty line and 93% of them are lo-
cated in arid and semi-arid lands (Titilola et al., 2018).

According to (Karimi et al., 2019), ASALs experience erratic rainfall, rough
terrains, and nutrient-poor soils. In Kenya, ASALs occupy more than 80% of the
country and are home to about 10 million people. The increase in population
has led to the encroachment of these areas. Approximately 70% of the national
livestock herd is found in these areas with vulnerabilities to food insecurity, cli-
mate variability and change is high (Orr et al., 2016). Besides, land degradation
in the form of soil erosion and nutrient depletion poses a threat to the sustain-
ability of agricultural production particularly in the ASALs (Ogada et al., 2010).
Sorghum is one of the stapled crops in the rural ASALs of Kenya and the pri-
mary source of energy, protein, vitamins, and micronutrients (Orr et al., 2013),
they are also considered as climate-smart crops with broad adaptation and resil-
ience (Titilola et al., 2018). Therefore, sorghum can contribute to better food and
nutritional security in this area than commonly produced cereals such as maize,
wheat, and rice since they can grow well on marginal lands with poor soil fertil-
ity (Onyango, 2016).

Innovations are considered a critical player in the agriculture sector in the de-
velopment of the country’s economic growth (Esparcia, 2013). They are seen to
bring about productivity, competitiveness, quality, and efficiency to farm agri-
enterprises (Mutsvangwa-Sammie et al., 2017). (Distanont & Khongmalai, 2018)
also added that innovation is key to increasing the capacity and creating a com-
petitive advantage for small scale agriprenuers since they enable them to present
a new or improved product to the market thus increasing their market share. Ac-
cording to (Aziz & Samad, 2016), innovation is a strategy that enables agriprenuers
to create long term competition by gathering knowledge, experiences in creating
and developing agrienterprises, using skills in technology, and introducing new

ideas in form of product innovation, market innovation, or business model in-
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novation. Moreover, Production and market innovations are crucial to increas-
ing agricultural productivity for food security and income especially in develop-
ing countries (Godfray et al., 2010).

Market innovation through the use of technology is a resource-based advan-
tage for agrienterprises to exchange knowledge and information on the oppor-
tunities available in the marketplace (Gupta et al., 2016). This exchange of field
notes among agrienterprises, sellers and buyers, aid the search of unforeseen
events and identification of innovative ideas to address chance opportunities.
According to (Nenonen et al., 2019), the most likely way of agrienterprises im-
proving their market creativities is by creating new marketing channels, refor-
mulating the existing ones, ascertaining new managerial approaches, and devel-
oping new services, such as collective marketing and contracting farming by
agrienterprises. (Lin et al., 2010) relates this market innovation to retailing chan-
nels, marketing information systems, market segmentation, market research, and
price-setting strategy.

Moreover, sorghum has great potential as a food and cash crop. These crops
are highly nutritious, drought-tolerant, high yielding, disease-tolerant, and have
the ability to yield produce with little input use (Orr et al., 2016). Sorghum, for
example, is a healthy food as research shows it prevents the growth of cancer
cells, diabetes and helps to manage cholesterol in the body. Sorghum small grain
has an extended shelf of several years without significant damage by storage
pests, thus offers food security opportunities for the rural communities who are
small scale farmers. It also has high nutritional benefits owing to its high nutri-
tive content especially for pregnant women, nursing mothers and children, pro-
vides carbohydrates with a low glycaemic index with high soluble fibre, high cal-
cium, diastolic power, and low fat of malted grains (Gamage et al., 2017).

According to (Carayannis & Grigoroudis, 2016), the notion of innovation,
productivity, and competitiveness are inherently linked. Hence, collective efforts
must be enhanced to promote innovations in the production and utilization of
sorghum and millet products, as both agrienterprises provide adequate rewards
to small scale farmers while at the same time the consumers with high-quality
food and feeds (Gupta et al., 2016). The fundamental role that agriculture plays
in the Kenyan economy warrants policies to be designed regarding household
food security and the type of crop to be produced by small scale farm agrienter-
prises, particularly in the marginal areas.

In Kenya, sorghum technologies that improve value chain efficiency, raise
productivity and increase income in the Eastern region have been developed and
deployed. These market-oriented innovations on production and outlet linkages
of sorghum were designed to improve upstream and downstream points, up-
scaling, and development of small-scale farm agrienterprises in product markets,
but farm’s competitiveness is low in ASALs. Although there is evidence of com-
bined efforts in the application of these innovations, little information is avail-
able on the role of farmer innovative capability, socioeconomic and institutional

characteristics in the uptake of the innovations. Further, there is limited empiri-
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cal evidence on whether the uptake of the innovations has on sorghum competi-
tiveness in small scale farm level agriprenuers in most ASALs of Eastern Kenya.
It is on the foregoing that this study aims to fill this knowledge gap among small

scale agrienterprises in Tharaka Nithi County, Kenya.

2. Methodology
2.1. Study Area

This study was undertaken in Tharaka Nith County, Kenya. The County lies at
the feet of Mt Kenya, covering approximately 266,201 km?, including Mt Kenya
forest which is estimated at 360 km?* with a population of approximately 363,177
people comprising of male 49.3% and female 50.7% (KNBS, 2019). The County
borders Meru to the North and North East, Kitui to the East and South East,
Embu to the South and South West, Kirinyaga and Nyeri to the West. The
County lies between longitude 37°19' and 37°46' East and between latitude 000
07' and 000 26' South. The county receives bimodal and unreliable annual rain-
fall with an average of between 200 mm and 800 mm, but most parts of the
county receiving less than 750 mm yearly. The area was selected because of its
high potential in sorghum production. Also, due to the presence of government
and other stakeholders’ intervention in promoting sorghum production and agri-
enterprises competitiveness, it is help to improve the smallholder livelihoods

through the use of innovations.

2.2. Sampling Produce

A multistage sampling procedure was used to obtain 384 small scale farm agri-
enterprises to participate in the survey. The first stage involved a purposive se-
lection of the Tharaka North and South sub-county due to its conducive eco-
logical zone for sorghum production and also there are existences of various ini-
tiatives in the promoting production and use of underutilized crops to improve
the livelihoods of the residents. The second stage involved a purposive selection
of two wards, one from each sub-county, with the most extensive projects on
sorghum production. The third stage was the random selection of villages. Fi-
nally, a simple random selection of 384 sorghum small scale farm agrienterprises

was selected from the villages.

2.3. Sample Size Determination

The required sample size of sorghum small scale agrienterprises was determined
by (Ahmad & Halim, 2017) formula.

where,

_Z’pq 0

n = the desired sample size;
Z = the standard deviation set using the desired confidence level (at 95% con-
fidence level Zis 1.96);

DOI: 10.4236/me.2021.127060

1140 Modern Economy


https://doi.org/10.4236/me.2021.127060

K. Judith et al.

p = proportion of the target population containing the major interest;

g=1-pand

E = the degree of accuracy desired in the study is 95%.

B 1.96% x0.5% (1-0.5)
0.05%

n =384 )

2.4. Analytical Framework

The interest of the study lies in the causal effect of production and market inno-
vation on the competitiveness of sorghum agrienterprises. Multiple treatments
have no true counterfactual, hence it possible to estimated pairwise treatment
between the different treatment units production “p” (production innovation)
and “m” (market innovation) (Lechner, 2001). Hence the outcomes include:

1) The average treatment effect of the treatment p relative to treatment m,
Tﬂm:E[Yip_YimJ:yp—ym_ (3)

2) The average treatment effect for an agrienterprise from among the treat-

ment group, p
7pm/p:E|:Yip_Yim/Tm:m:|:’uP/P_’um/p' (4)

3) The symmetric treatment effect for the other treatment level m, that is, the

average treatment of treated (ATT) with respect to treatment m,

z_p/m :_Tm/p‘ (5)

«_»

4) The average treatment effect (ATE) of treatment “p” with respect to treat-

ment n7 on the subpopulation of the unit under treatment “m” is:
_Tmp/m . (6)

The potential outcome assumption framework for the binary treatment unit
was re-expressed to multiple treatment units. Thus, the condition independence
(CIA) assumption and overlap form the basis for causal effect estimation in this
model, extended as the general propensity score (GPS). The GPS is the positive
probability of receiving a treatment level given the condition variable (Adeyemo
et al., 2018),

r(t.x)=Pr[T, =t|X, =x|=E[ D, (T;)| X, =x]. )

From (Funk et al., 2011) the potential outcome means can, therefore, be de-
termined by weighting the observed outcome of the treatment with the esti-
mated GPS weights given as

YD, (7))

(){W} @

where r(1,X,)>0.
The overlap assumption was taken into consideration with condition inde-
pendences to form strong Ignorability (Zhang et al., 2021), which is complete

overlap in the distribution of covariance between the treatment levels (Linden et
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al., 2016). Established from the notation assumption, there are approaches to es-
timating treatment effects in multivalued. This included Regression Adjustment
(RA) estimator, Inverse Probability weighting (IPW) and doubly robust estima-
tors (DRE).

The RA estimators are used in case of weak unconfounded, the regression
model was used to calculate the potential outcome after adjusting the X; cova-
riates which are assumed to have the confounders in the study the make infe-
rence unbiased. The RA fits separate lines for regression function for users and
non-users, with different effects on profitability and productivity.

Since from RA, we cannot only use the sampled mean profits and productiv-
ity of the agrienterprises output on innovation users and non-users to estimate
the effect of innovation on the agrienterprises competitiveness. IPW is a treat-
ment-effect estimator that applies the use of a weighted average instead of an
unweighted average to separate the effects of the treatment on other confound-
ers like level of education. The probabilities are attained by fitting a model of
treatment status on the characteristics of each theme. Hence the utility of IPW
was dependent on how the treatment model predicts the probability of the treat-
ment. IPW has limited to positive probabilities only also the overlap concept and
because it uses weighted means to obtain potential outcome means (POMs) and
ATE.

The DRE includes the augmented inverse probability weighted (AIPW) esti-
mators and the inverse probability weighted regression adjustment (IPWRA) es-
timator. These two estimators combine elements of the RA and IPW estimators
to be more robust to misspecifications.

The AIPW estimator combines IPW with augmentation term that helps to
correct treatment model misspecification. Like IPW, AIPW does not work well
when the predicted treatment probabilities are near zero or one (Linden et al.,
2016).

The IPRWA estimator is an RA estimator that uses estimated inverse proba-
bility weights to correct the estimator when the regression model is misspecified.
When the model is correctly specified, the weight does not affect the consistency
of the estimator.

The multivariate treatment effect mode specification to estimate the joint ef-
fects among different production and market innovations can be written as
(Linden et al., 2016);

PrOb(yi = 1|ti’xl ) = A(%VA YtV ap +x;ﬁ) . 9)

v, -represent the effect of production and market innovations on the competi-
tiveness of an agrienterprises;

t,, represents production innovation used by the agrienterprises;

t, represents market innovation used by the agrienterprises;

x, represents the list of control variables;

v, isthe independent treatment effect of production innovation;

vy is the independent treatment effect of market innovation;
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¥4 1s the interaction treatment of production and market innovation;

S is the regression coefficient for each of the control.

3. Results and Discussion

3.1. Agrienterprises and Sorghum Agriprenuers Characteristics
3.1.1. Innovations Used in Sorghum Agrienterprises

The competitiveness of agrienterprises was measured using a log of gross margin
and productivity of the agrienterprises. The number of innovations adopted was
used as the treatment units (#) which were 5 levels, with £ =0, 1, 2, 3, 4; repre-
senting non-user of innovation, Low-level innovation users, middle-level inno-
vation users, high-level innovation users and very high-level innovation users
respectively. The results showed that 20% of the respondents were non-users,
41% are low-level users, 25% were middle-level innovation users, 7% for both
high and very high-level users of innovations as presented in Table 1. There
were several innovations promoted by the ministry of agriculture, livestock and
fishery as well as NGOs in the county. However, the results show that the major-
ity (41%) of sorghum agrienterprises used at least one innovation on their farm.

Therefore, cumulatively low uptake of the number of innovations used.

Table 1. Composition of sorghum agrienterprises innovation users.

Variable Description Frequencies Percentages
Non-users 77 20
Low-level users 156 41
Innovations Users Middle-level Users 96 25
High-level users 27 7
Very high-level Users 28 7
Total 384 100

3.1.2. Socio-Economic Characteristics of Sorghum Agrienterprises

Table 2 presents the results of mean age, schooling years, years of experiences
and sorghum agriprenuers’ farm size. The average age of all sample sorghum
agriprenuers users was 43 years same as innovation users while the mean age of
non-users was 44 years. The association between users’ age and innovation
non-users age was statistically significant at 10%. The sorghum innovation users’
age was slightly older by 1 year with their counterparts.

This implies that older sorghum tends to have more experiences in sorghum
farming and over the years they have experimented on different innovations in-
troduced in the region, hence they can conclusively apply innovations that
worked well for them. Nevertheless, the age of sorghum agriprenuers in the
study area was within the age categorized as active and productive (Mmbando &
Baiyegunhi, 2016).

The average years of schooling for all sampled sorghum agrienterprises were 9
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Table 2. Mean age, schooling years, years of experiences and sorghum agriprenuers’ farm

size.

Users None Users
Variable Mean lisrti;r Mean ;:ir Ont:::lll t-value
Age 42.75 0.68 43.86 1.69 42.97 —-0.694*
Schooling years 9.64 0.29 7.94 0.60 9.30 2.638**
Years of experiences 8.55 0.49 12.78 1.57 9.41 —3.41%*
Farm size (acres) 3.44 0.13 2.59 0.21 3.28 2.97*%
Distances to the 1.57 0.08 135 021 1.54 1.039%

nearest market (km)

Note: ***, **, * imply significant at 1%, 5% and 10% level respectively. Std. Error stands for standard Error.

years whereas that of innovation users was 10 years and non-users of innova-
tions was 8 years. The differences in years of schooling between users and non-
users of innovation were significant at 5%. Users of innovation have slightly more
years of schooling as compared to their counterparts. This implies that more
years of education, exposures sorghum agriprenuers to several different innova-
tions, their application and their benefits. Through this, agriprenuers can use the
innovations exposed to effectively. The results concurred with several studies sug-
gest that educated agriprenuers are alleged to have a higher capability to attain,
infer and respond to information on available innovations. (Jerop et al., 2018)
found that educated agriprenuers are more likely to access information and
guidance from extension providers which influence their usage of innovations.

The sorghum agriprenuers’ years of experiences were 9 years. Users of inno-
vations had 8 years of experiences which is less than 12 years of experiences of
non-users of innovations. The t-test results nevertheless show that the variance
in years of experience between users and non-users was significant at 1%. This
implies that non-users tend to be inflexible to innovations having been adopted
earlier than users. This result is in line with studies such as that of (Wabwile et
al., 2016) in the effect of improved sweet potatoes varieties on household food
security.

All sample sorghum agrienterprises had an average farm size of 3.3 acres.
However, users had a relatedly big size of 3.4 acres as compared to non-users
who had an average of 3 acres. There was a significant difference in farm size at
5%. The users had relatively large farm sizes possibly because they are able to
devote part of them of piece land to try various innovations in their farms as
compared to their counterparts who have relatively small pieces of farm size.
The land is a critical factor of production to sorghum agriprenuers. (Donkor et
al., 2018) found that agriprenuers with large farm size can use more innovations
especially the capital-intensive innovations.

The distance to the nearest market covered by users of innovation is approx-

imately 1.6 km while non-users is 1.4 km. The association between users and
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non-users was significantly different at 10%. This was intriguing since the dis-
tance covered by the user of innovation was slightly longer than what is covered
by their counterpart. Distance from the farm gate to the next-door market is
considered a key factor for accessing the market and also the condition of the
road, thus a measure of operation cost (Wabwile et al., 2016). Also, the location
from the trading center is key since it plays a role of proxy for a potential market
of farm inputs including outputs and vital information access on innovations to
use in the agrienterprises. Despite this, there are possibilities that the users of
innovation are primarily interested in better price thus profits for their quality
and quantity produce, hence they could cover more distance to achieve it. Fur-
thermore, possibly they would prefer to transport their produce to EABL agents
rather than selling it at the farm gate to brokers.

3.1.3. Institutional Characteristics of Sorghum Agriprenuers
Table 3 present the results of the access to market information, group participa-
tion, access to credit, the number of training attended, number of extension ser-
vices and contract arrangement. The users of innovation who had information
on market and innovations were 75% while that of non-users was 56%. The
t-test results indicated that there was a significant difference between the user of
innovation and non-users at a 5% level. The results indicate that users of inno-
vation tend to be more inquisitive on the market behaviours, as this information
could enlighten their decision of the number of innovations to invest in to
achieve market demands. In addition, the sorghum agriprenuers who uses in-
novations accessed more information on market prices of inputs, outputs, relia-
ble buyers, issues of innovation more than non-users of innovations. Market in-
formation is key to every agriprenuers as it helps in developing, assessing and
even monitoring the progress of the agrienterprises (Okello, 2017).

Group participation enriches idea and information exchange, social capital

Table 3. Access to market information, group participation, access to credit, number of
training attended, number of extension services and contract arrangement.

Innovation
Variable Description Users None Users Ch? Value

Yes 74.27 55.84 10.061%*
Access to information

No 25.73 44.16

Yes 51.14 16.88 29.282%**

Group participation
No 48.86 83.12
Yes 15.31 6.49 4.087**
Access to credit

No 84.69 93.51

Yes 6.51 2.60 1.749
Contract arrangement

No 93.49 97.40

Note: ***, **, * imply significant at 1%, 5% and 10% level respectively.
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allowing trust, resource mobilization and hence contribute positively and signif-
icantly to the uptake of innovations (Mwangi & Kariuki, 2015). Over half of the
innovation users (51%) sampled, belonged to a group in contrast to 17% of the
non-users. The relationship between the use of innovation and group participa-
tion was statistically significant at 1%. Hence it is evident that the use of produc-
tion and market innovations in the agrienterprises is influenced by group mem-
bership. Group simply unite and help farmers obtain information or training on
diverse agriculture innovations issues (Wabwile et al., 2016) that influence the
use of the innovation given to improve their farm performances.

Access to credit services is a former implement in the development of any
agripreneurial venture and thus stimulates growth. Of the users, 15% had ac-
cessed credit whereas 85% had no access to credit. It is evident that users ac-
cessed credit for more than non-users. The association between the users and
non-users of innovation is statically significant at 5%. Credit access by agrien-
terprises promotes the use of risky innovations through relaxation of the liquid-
ity constraint as an option of borrowing. With the availability of credit, sorghum
agriprenuers have a better capacity to invest in various innovations. Credit also
enables agriprenuers to purchase farm inputs improved sorghum seeds, agro-
chemicals, hire extra labour hence improve the farm’s competitiveness (Gaiha &
Mathur, 2019).

3.1.4. Farmer’s Innovative Capabilities

Table 4 presented the results of Confirmatory Factor Analysis (CFA), which in-
cluded factor loading, Cronbach alpha, Average Variance Extracted (AVE) and
Kaiser-Meyer-Olkin (KMO) measure of sample adequacy. Five latent constructs
were used to categorize farmers’ innovative capabilities into product innova-
tiveness, product innovativeness, strategic innovativeness, market innovative-
ness and behavioural innovativeness. A Likert scale was used to rank the de-
scriptions to define weighted scores. The scale ran from 1 - 5 for the descrip-
tion’s measurement (where 1 meant strongly disagree and 5 meant strongly
agree). Kaiser’s criterion for the determination of factors to retain was adopted.
The factor loading documented values between 0.654 and 0.885 at a significance
level of p = 0.000. The factor loading values were above 0.5, hence justifiable
enough to establish the least loading necessary to comprise construct (Sen &
Antara, 2018).

Cronbach alpha values were assessed to measure internal consistency reliabil-
ity (CR). The alpha for the constructs documented values between 0.721 and 0.896
which demonstrated satisfactory indicators for reliability and convergent validity
of the constructs (Gandhi et al., 2019). All the latent variable recorded AVE val-
ues between 0.625 and 0.779 were above 0.5 thresholds, showing that each con-
struct was highly related to its respective apart from product innovativeness with
AVE of 0.454. The weak AVE value of product innovativeness is relieved by its
CR of 0.75 and KMO of 0.756 which meets the threshold as recommended by

(Adegbembo et al., 2020). KMO values for product innovativeness, process,
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Table 4. Factor analysis of innovative capabilities.

Variable

Items Factor — -p AVE kMO
Loading

Production
innovativeness
(Bhupendra &
Sangle, 2015)

Process
innovativeness
(Bhupendra &
Sangle, 2015)

Strategic
innovativeness
(Bhupendra &
Sangle, 2015)

My agrienterprises’ new products
are often considered as very 0.657 0.750 0.454 0.756
unique by customers

My agrienterprises develop

. 0.654
new product/service

In comparison to the competition,
my agrienterprises have introduced 0.663
more innovations in the past 5 years

My agrienterprises’ recent new
product is significantly different 0.772
from previous productions

In comparison to the competition,
my agrienterprises’ production 0.815
is successful

My agrienterprises have flexible
production methods which can be 0.844 0.873 0.754 0.862
changed efficiently

My agrienterprises has focused on

. 0.863
smart business processes upstage
My agrienterprises uses new delivery
I 0.810
and distribution network
My agrienterprises invest in new
techniques/equipment to 0.778
improve its activities
In the last 2 years, my agrienterprises’
years, my agrienterp 0.778

production method is better

My agrienterprises have a good
range of product grades to 0.885 0.721 0.681  0.500
suit the customer choice

In my agrienterprises, Key decision
maker has abilities to simulate 0.885
future market

New variety produce in my
agrienterprises often take up 0.830 0.896 0.779  0.882
against new competition

My agrienterprises marketing

Market
. . . 0.849
innovativeness strategies are considered effective
(Bhupendra & M . ises involves i
Sangle, 2015) y agrienterprises invo vef its
market partners when placing a 0.825
new product in the market
My agrienterprises produce products
0.844
that address customer needs
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Continued

My agrienterprises explore
neZv Iiarket ::/enues ’ 0859
In my agrienterprises, while
employing, ability to innovate 0.851 0.728 0.625  0.500
is critically evaluated

Behavioural

innovativeness My agrienterprises has a structured

(Bhupendra & process to approve new ideas for 0.840

Sangle, 2015) implementation

Innovative behaviours are
0.735
rewarded often

Note: chi-square; df p-value = 0.000; CR: composite reliability; AVE: average variance extracted; KMO:
Kaisaer-Meiyer-Olkin.

strategic, market and behavioural innovativeness were 0.756, 0.862, 0.500, 0.882
and 0.500 respectively. From KMO values, the overall adequacy of product in-
novativeness was middling, process and market innovativeness were meritorious
and strategic and behavioural were unacceptable (Gandhi et al., 2019). There-
fore, for this study strategic innovativeness and behavioural innovativeness were
dropped, product innovativeness, process innovativeness and market innova-
tiveness were used.

The weighted mean of the farmer’s innovative capabilities is presented in Ta-
ble 5. The Weighted Mean was used to engender the scores of products, innova-
tiveness, process innovativeness, strategic innovativeness, market innovativeness
and behavioural innovativeness. The t-test statics was used to compare the
weighted means of the users and non-users of innovations.

As indicated in Table 5, farmers’ product innovativeness, process and market
innovativeness were all significantly different between users and non-users at a
1% significant level. The means score of users were as high as compared to
non-users this shows that the innovative capabilities of a key aspect in the com-
petitiveness of an agrienterprises. Innovative capabilities are a core skill for
agrienterprises that help to attain competitive advantage. Innovativeness refers
to the degree to which a farmer is responsive to innovations promoted or new
ideas and decides to apply them (Singh, et al., 2020). According to (Olsson et al.,
2010) describe an agrienterprises’ innovative capability as the ability to develop
innovations continuously as a response to a changing environment, hence sus-
tainability of the agrienterprises. Hence, an increase in the innovativeness of
agripreneurs is viewed to be a key enabler to develop value and respond to the
market as well as customer needs and demand, thus allow achieve suitable farm
performances (Bamgbade et al., 2017).

However, the innovative capabilities discussed in this study include product
innovativeness, process innovativeness and market innovativeness. Product in-
novativeness refers to the uniqueness of a new product being introduced to the
market in an apt time (Bamgbade et al., 2017). Product innovativeness is in-

formed by the market demand for a new product or new form of an
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Table 5. Mean score of farmer’s innovative capabilities.

Variables Users Non-users t-test value
Product innovativeness 3.58 3.03 5.85%*%
Process innovativeness 3.61 3.04 4.92%**
Market innovativeness 3.60 3.07 4.53%%*

Note: ***, significant at 1%.

already existing product. Innovativeness in sorghum agrienterprises is more on
producing newly introduced varieties to the market, the improved sorghum va-
rieties developed by researchers. Such products tend to have relatively better
attributes in terms of productivity, resistance to pest and disease and a have a
high demand for seed as while as the produce.

On the other hand, process innovativeness refers to the propensity and capac-
ity of sorghum agrienterprises to be innovative in their production process to
deliver quality and quantity production and attain a competitive edge within the
market (Bamgbade et al., 2017). It allows small-scale agriprenuers to meet the
market demands in different ways, as it needs to understand the customers’
needs and minimize loss from rejects. Some of the process innovations used in-
clude the use of good agronomic practices, conservation agriculture practices
that enables agrienterprises to produce high volumes of agriculture produce to
meet the buyers’ demand like the malting company EBL, which buys sorghum in
tons.

Market innovativeness is the new tactic to explore new market opportunities
and exploit the existing market channels available (Bhupendra & Sangle, 2015).
Market innovation is also linked to product innovativeness since it also involves
introducing a new product to the market. At the enterprises, increase market
innovativeness enables the enterprises to be more aware of the new opportuni-
ties for better farm performance through the use of market channels (Micheels &
Gow, 2015). The ultimate goal of every agripreneur is to maximize profit either
by reducing the cost of production or accessing a better market or price for their
produce. An example of market innovativeness is contract farming. The contract
arrangement between small-scale sorghum agrienterprises assures the market for
the agriprenuers. It motivates a farmer to invest, produce quality and quantity
produce since the prices are pre-determined and the market is readily available
hence specified. Thus, the integration of innovative capabilities in agrienterpris-

es is vital in the quest to realizing the competitiveness of the farm.

3.2. Preliminary Diagnostic of the Variables to Be Used in
Econometric Analysis

Preliminary diagnostic for statistical problems of multicollinearity and hete-
roskedastic were conducted to the explanatory variables used in the econometric
analysis. A white test was used to ascertain heteroscedasticity and results were

presented in Table 6. The results displayed presences of heteroskedasticity as a
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Table 6. White test results for heteroskedasticity.

Source chf Df p-values
Heteroskedasticity 154.94 131 0.5191
Skewness 18.96 15 0.1180
Kurtosis 2.39 1 0.2138
Total 176.29 147 0.0871

chi-square of 154.94 is significantly very large. This shows that the error term
does not have a constant variance, hence to deal with this problem, the robust
standard error was used in all econometric analyses.

Multicollinearity occurs when their high inter-correlation between indepen-
dent variables, this was tested using pairwise correlation for categorical data and
Variance inflation factor (VIF) for continuous variables. The results of the cate-
gorical variables are presented in Table 7. The results indicated that there is no
serious linear relationship among the categorical variables since the pairwise
correlation coefficients were less than 0.75.

For continuous variables, the results are presented in Table 8. In the same
way, the results confirmed that there is no serious linear relationship between

continuous variable as the VIF values were less than 10.

3.3. Role of Production and Market Innovations on the Level of
Competitiveness of Sorghum Small Scale Agriprenuers

To determine the role of production and market on the competitiveness of the
sorghum agrienterprises Multivalued Treatment Effect (MTE) was used based
on the assumptions of strong ignorability. Overlap assumption is graphically
represented as the estimated probabilities of being assigned to a treatment unit
(Appendix 1). The density illustrates that none of the treatment units has esti-
mated probabilities at the extreme ends. The study, therefore, ascertains that the
date gives unbiased inferences on the parameters of the treatment effects model
estimated.

Competitiveness of agrienterprises was measured using the log of gross mar-
gin and productivity of the agrienterprises. The number of innovations used was
used as the treatment units (#) which were 5 levels, with £ =0, 1, 2, 3, 4; repre-
senting non-user of innovation, Low-level innovation users, middle-level inno-
vation users, high-level innovation users and very high-level innovation users
respectively The results showed that 20% of the respondents were non-users,
41% are low-level users, 25% were middle level innovation users, 7% for both
high and very high-level users of innovations as presented in Table 9. There
were a number of innovations promoted by the ministry of agriculture, livestock
and fishery as well as NGOs in the county. However, the results show that ma-
jority (41%) of sorghum agrienterprises used at least one innovation on their

farm. Therefore, cumulatively low uptake of the number of innovations used.
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Table 7. Pairwise correlation of categorical variables.

Gender Market Group credit Contract
information  participation  facility arrangement
Gender 1
Market information -0.004 1
Group participation —-0.052 0.127 1
credit facility 0.051 0.022 0.199 1
Contract agreement 0.042 0.085 0.164 0.099 1
Table 8. Variance inflation factor test results for multicollinearity.
Variable VIF 1/VIF
Age 1.76 0.568
Household size 1.24 0.808
Years of schooling of the respondent 1.39 0.720
Years of experiences 1.30 0.767
Share of farm business 1.46 0.683
Market distances 1.06 0.947
Average farm gate price of sorghum 1.09 0.920
Product innovativeness 291 0.344
Process innovativeness 3.69 0.271
Market innovativeness 3.90 0.257
Mean 1.98
Table 9. Composition of sorghum agrienterprises innovation users.
Variable Description Frequencies Percentages
Non-users 77 20
Low-level users 156 41
Innovations Users Middle-level Users 96 25
High-level users 27 7
Very high-level Users 28 7
Total 384 100

3.3.1. Mean Potential Outcome across the Treatment Effects

Estimates of potential outcome means (POM) of the log of gross margin for each
of the treatment level across the treatment effects (number of innovations) esti-
mator used are presented in Table 10. The estimators across each level were
found to be significant at a 1% significant level. RA estimators are said to be
constrained by the specification of correct function forms (Adeyemo et al., 2018)
the estimator is the same as AIPW. However, IPW’s violation of the overlap as-

sumption chiefs biased estimates. Using the estimators from IPWRA, the potential
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Table 10. Potential outcome means of the log of gross margin and farm productivity
across treatment used and estimators.

Estimator/Treatment unit Log Gross Margin Farm productivity
Parameter RSE Parameter RSE
RA
Non-Users 9.184*** 0.154 871.95%** 88.760
Low level Users 9.404*** 0.066 983.12%** 71.803
Mid-level Users 9.545%** 0.078 1263.19%** 103.818
High level Users 10.863*** 0.119 1468.65*** 122.236
Very high-level Users 12.576%** 0.946 1396.81%%* 311.933
IPW
Non-Users 9.310%** 0.107 910.54*** 86.241
Low level Users 9.422%%% 0.075 1000.79*%* 72.363
Mid-level Users 9.599%** 0.082 1237.55%** 88.960
High level Users 10.406*** 0.131 1655.43*%** 125.170
Very high-level Users 10.246%** 0.070 1466.336*** 86.063
IPWRA
Non-Users 9.307*** 0.169 844.96** 80.618
Low level Users 9.403*%+* 0.065 989.17%* 73.330
Mid-level Users 9.542%** 0.077 1264.94%** 109.514
High level Users 10.974*** 0.167 1673.87%** 303.153
Very high-level Users 13.201%%* 1.276 1493.32%%* 349.339
AIPW
Non-Users 9.184*** 0.154 871.95%** 88.760
Low-level Users 9.404*+* 0066 983.12%+% 71.803
Mid-level Users 9.545%** 0.078 1263.19%** 103.818
High level Users 10.863*** 0.119 1468.65*** 122.236
Very high-level Users 12.576%** 0.946 1396.81**%* 311.933

Note: ***Indicates a significant level at 1%.

outcome means of log gross margin are 9.3, 9.4, 9.5, 11.0 and 13.2 respectively
for sorghum agrienterprises in non-users, low-level users, mid-level users, High-
level users and very high-level users innovation users.

On the other hand, the average potential outcome of total sorghum harvested
for the different innovation users using IPWRA was 845 Kgs, 989 Kgs, 1265 Kgs,
1674 Kgs and 1493 Kgs for non-user, low-level users, mid-level users, high-level
users and very high-level users respectively. This result hypothesises a positive
relationship between the number of product and market innovation used by
agrienterprises and competitiveness. Both the gross margin of the farm and

productivity increases with an additional number of innovations used on the
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farm. The results are in line with studies of (Lipple & Throne, 2019) and
(Makate et al., 2019) among others. Despite the positive increase, there is a re-
duction in both the log gross margin and farm productivity of the very high-level
users. This was expected since the effect of innovation on competitiveness at the
latter stage is tempered by saturation effects hence the decrease (Woo & Magee,

2017) in the competitive level of the agrienterprises.

3.3.2. Average Treatment Effects for the Treatment Estimators

Table 11 presents pairwise treatment effect for each group across treatment ef-
fects estimators. The double robust estimators, (AIPW) were discussed since
they are consistently unbiased parameter even when the treatment or outcome
model is not correctly specified (Linden et al., 2016). If so, RA and IPW average
treatment effect coefficients were found to be the same in terms of sign and di-
rection of the effects.

The results show that for agrienterprises in the control group (Non-Users),
there would be an increase in gross margin by 18% if they decide to move to
high-level users and 45% if they decide to move to the highest level very
high-level users at 1% significant level. Moreover, the result depicted that if sor-
ghum agrienterprises with low-level users would add innovation and move to
high-level users their gross margin would increase by 17% and by 43% if they
were to move to very high-level users. Agrienterprises at mid-level users would
have their gross margin increased by 15% and 41% if they add more innovation
to high-level users and very high-level users respectively. Lastly, agrienterprises
in high-level users would increase their gross margin by 23% if they are to add
innovation in their farms and move to the very high-level user at a 5% level of
significance.

Furthermore, farm productivity increase as agrienterprises adds innovation
and move from one level to the other as shown in Table 3. The results show a
positive significant change in non-users and low-level users of innovation. There
was a significant change at a 1% level of significance if an agrienterprises decides
to move from low level to mid-level, its farm productivity would increase by
51%, it would further increase by 76% if low-level users decide to move to
high-level. Moreover, if low-level users choose to move to a very high level it
would increase by 67% at a 10% level of significance. For Low-level users, the
result depicted an increase of 28% if low-level innovation user chooses to move
to mid-level users at 10% level of significance, and 50% increase if they decide to
changes to high-level users at 5%.

The findings point to the importance of production and market innovations
by sorghum agrienterprises in the informal economy in Tharaka County on their
performances. The results indicated that there is a positive causal correlation
between innovation and competitiveness of an agrienterprises (gross margins
and farm productivity). Agriprenuers could be benefiting more as they move to
the high level (number of innovations used in the farm). Therefore, production

and market innovations play a role in running and agrienterprises since it helps
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Table 11. Treatment effects estimates across treatment effects estimators.

Log Gross Margin Farm productivity
Pairwise treatment effects
(ATE) RSE ATE RSE

RA
Non-user—>Low Level Users 0.024 0.019 0.127 0.140
Non-user—>Mid-Level Users 0.039** 0.019 0.449** 0.189
Non-user—>High Level Users 0.183*** 0.024 0.684*** 0.220
Non-user—Very High Level Users 0.369%* 0.106 0.602 0.387
Low Level Users—>Mid-Level Users 0.015 0.011 0.285%% 0.141
Low Level Users—High Level Users 0.155%%% 0.015 0.494%%* 0.163
Low Level Users—Very high Level Users 0.337** 0.101 0.421 0.333
Mid-Level Users—High Level Users 0.138 0.015 0.163 0.137
Mid-Level Users—Very High Level Users 0.318¥** 0.099 0.106 0.262
High Level Users—Very High-Level Users 0.158%%* 0.087 -0.049 0.227
IPW
Non-user—Low Level Users 0.012 0.014 0.099 0.131
Non-user—>Mid-Level Users 0.031** 0.015 0.359** 0.160
Non-user—>High Level Users 0.118%** 0.019 0.818%** 0.223
Non-user—Very High Level Users 0.101%%* 0.014 0.610%** 0.179
Low Level Users—>Mid-Level Users 0.019 0.012 0.237% 0.126
Low Level Users—High Level Users 0.104%%* 0.016 0.654*%* 0.172
Low Level Users—Very high Level Users 0.087*** 0.011 0.465%%* 0.136
Mid-Level Users—High Level Users 0.084*** 0.016 0.338** 0.135
Mid-Level Users—Very High Level Users 0.067*** 0.012 0.185* 0.110
High Level Users—Very High-Level Users -0.015 0.014 -0.114 0.083
IPWRA
Non-user—Low Level Users 0.025 0.023 0.265 0.167
Non-user—>Mid-Level Users 0.033 0.024 0.504*% 0.223
Non-user—>High Level Users 0.180%** 0.031 1.279** 0.499
Non-user—Very High Level Users 0.456%%* 0.170 0.741 0.508
Low Level Users—>Mid-Level Users 0.023 0.015 0.564** 0.232
Low Level Users—>High Level Users 0.266*** 0.037 1.257 0.798
Low Level Users—Very high Level Users 0.488*** 0.163 0.510 0.383
Mid-Level Users—High Level Users 0.238*** 0.037 0.443 0.533
Mid-Level Users— Very High Level Users 0.454*** 0.157 -0.035 0.272
High Level Users—Very High-Level Users 0.175 0.132 -0.331 0.290
AIPW
Non-user—>Low Level Users 0.012 0.020 0.178 0.142
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Continued
Non-user—>Mid-Level Users 0.027 0.020 0.507*** 0.192
Non-user—>High Level Users 0.181*** 0.031 0.763%%* 0.263
Non-user—Very High Level Users 0.451%** 0.145 0.673% 0.399
Low Level Users—>Mid-Level Users 0.015 0.011 0.279* 0.145
Low Level Users—High Level Users 0.167** 0.024 0.497** 0.204
Low Level Users—Very high Level Users 0.433%** 0141 0.421 0.331
Mid-Level Users—High Level Users 0.149*** 0.023 0.170 0.171
Mid-Level Users—Very High Level Users 0.412%%* 0.139 0.111 0.263
High Level Users—Very High-Level Users 0.229** 0.123 -0.051 0.237

Note: ***, **, *, indicates significant level at 1%, 5% and 10% level, respectively.

in improve agrienterprises’ profitability, productivity, and thus helps achieve a
competitive advantage (Tul-Krzyszczuk & Jankowski, 2019; Makate et al., 2019;
Lapple & Throne, 2019; Gumbochuma, 2017) in the change agricultural economy.
Hence, the small scale agrienterprises should be encouraged and provider with in-
stitutional support such as good infrastructure road network and information
access, capacity building of group and formal or informal contract agreement

with buyers or agents to aid the competitive level.

4. Conclusion

The vital findings are that the increased number of products and the use of
market innovations have the potential to alleviate agrienterprises competitive
level in terms of gross margin and farm productivity. Hence, production and
market innovation play a key role in the competitiveness of sorghum agrienter-
prises. Agrienterprises should be sensitized to incorporate various production
and market innovations in their farms to increase competitiveness. This could be
done in groups by extension providers and media platforms like radio, televi-
sion, and newspaper to increase awareness. The number of innovations incor-
porated in the farm to matter in term of output either the gross margin or pro-
ductivity, but it also depends on the capacity of the agrienterprises. Hence the

extension providers should advise the agrienterprises accordingly.
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Appendix 1: Estimated Probabilities of Assignment to
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