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Abstract

Agricultural technologies are being innovated and evaluated to assess its impact
on agriculture. The findings of such evaluative studies are being published in
different forums for the benefit of mankind. As such, a huge literature has
emerged in recent years revealing different methodologies and approaches of
evaluation. The purpose of the present study is to find out ways the innovations
in agriculture are being evaluated, through a meta-analysis of 25 systematically
selected articles. The specific objectives are to identify the variables explaining
agricultural innovation and to analyze the relationship among those variables.
The results revealed that majority of the literature discussed the innovation with
prime purpose — ‘environment protection (60%)’, followed by ‘improving farm
performance (28%)’. The main agricultural innovations studied by researchers are
those processes which involve the ‘environment preserving technologies (36%)’
and ‘precision technologies (20%)’. Evaluation indicators such as the ability to
‘reducing environmental impact (32%)’ and ‘strengthening farmer’s participation
(32%)’ were studies in most of the cases. In terms of innovation strategies, both
proactive (44%) and reactive (48%) approach were found almost equally. On
analysing the relationship between the identified categorical variables, it came
to the knowledge that studies focusing on environment protection as prime
purpose included the analysis of innovation processes related to environment
preserving and precision technologies that are capable of reducing environmental
impact through strengthening farmer’s participation and are proactive in nature.

Keywords: Agriculture, evaluation, innovation, literature, meta-analysis

1. Introduction

Agriculture today is much more than a primary occupation. Stakeholders
of agriculture are trying to produce food and other basic commodities
needed for a population more than seven billion on the earth. By 2025,
world population will cross the 8 billion mark and with the increasing
population the need for food and other basic commodities will further
increase. To sustainably meet the increasing demand for food, the science
of agriculture need to be more innovative and dynamic. Referring to
India, with 1.21 billion populations (2011 census), India is expecting to
overtake China as the world’s most populous country by 2030. India is
the second fastest growing economy in the world and has the world’s
second largest arable land base with 157.35 million hectares after the
United States (The Helgi Library, 2014). While, agriculture continues to be
the primary source of livelihood for about 58% of India’s population, most
of the farmers are lacking technical knowledge which must be remedied
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by realistic technical assistance (Khan, 2011). Further, where
Indian economy is progressing, the share of agriculture to
the total economy is declining and so as its ability to support
the farmers. As per the Report of the Committee on Doubling
Farmers’ Income, 2017, the average monthly income of an
agricultural household during July 2012 to June 2013 was as
low as % 6,426/- as against its average monthly consumption
expenditure of T 6, 223/-.

India needs sustainable agrarian growth and development.
Aiming for sustainability with a definite roadmap is certainly
a good option for India where land holdings are small and
farmers are resource poor (Pawar, 2010). The strategies for
sustainable development depend up on innovating situation
specific technologies and promotion of those innovations.
Innovation is needed to answer the risks and uncertainties
associated with agriculture. In the era of knowledge-based
economy, innovation plays an important role in order to
improve competitiveness and strengthen social cohesion of
the nation (Putri et al., 2015).

Though enormous researches have been undertaken,
the results of which are published in reputed journals on
various aspects with special reference to the mechanism
of resistance to the stresses in agriculture and their
management, but insignificant progress has been attained
for their practical utility in the farmer’s fields (Maiti, 2012).
It may be due to fact that such literature is rarely referred
for policy formulation and decision making. Such literature
can provide important information base for decision making
and evidence base for adapting agrarian policy decisions to
the present socio-economic realities. Therefore, there is a
need to analyse those literature to comprehend the trend
and compare innovation in agriculture to augment policy
decisions.

To the knowledge of the author, very few works have been
done on quantitative analyse of those literature focusing on
agricultural innovation. Keeping this in view, the present study
has been designed to review the literature on agricultural
innovation and highlight the findings through meta- analysis.
The general objective of the study is to conduct a quantitative
analysis of the innovation literature with specific objectives
to (i) identify the variables explaining agricultural innovation
that are found in literature in recent years and (ii) analyse
the relationship among those variables.

2. Materials and Methods

The study was conducted during August to October 2018 to
identify the literature available in the internet for the period
January 2014 to June 2018. Steps followed were:

1. Analysis of the present context of agriculture
2. Identification of area of interest

3. Determination of level of analysis

4. Choosing online international database

5. Selection of article on phases

P
(
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6. Grouping of concepts based on theme
7. Coding
8. Data analysis

Literature on agricultural innovation were reviewed and
meta-analysed for getting an overview of the present
scenario of the world of innovation in agriculture.

2.2. Meta-analysis

Meta-analysis is a statistical analysis that combines the
results of multiple scientific studies with same objective
for investigation. Gene V Glass (1976) coined the term
‘meta-analysis’ to refer to ‘the statistical analysis of a large
collection of analysis results from individual studies for
the purpose of integrating the findings’. Meta-analysis has
the capacity to eliminate human errors i.e. sampling error,
error of measurement and range variation and thereafter
cumulates the results across studies. It refers to the
statistical methods of combining evidence, leaving other
aspects of ‘research synthesis’ or ‘evidence synthesis’, such
as combining information from qualitative studies, for the
more general context of systematic reviews (Glossary at
Cochrane Collaboration).

2.3. Selection of online international database

The international database “ScienceDirect” (https://
www.sciencedirect.com) was selected purposively. Key
words “innovation”, “agriculture”, “evaluation”, “asses” in

different combinations was put in the “advance search” field
for reference identification.

For identification and selection of the article, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) was followed. PRISMA is an evidence-based
minimum set of items aimed at helping researcher to report
a wide array of systematic reviews and meta-analyses them
(Anonymous). PRISMA focuses on ways in which researcher
can ensure a transparent and complete reporting of similar
type of research. The aim of the PRISMA Statement is to help
authors improve the reporting of systematic reviews and
meta-analyses (Liberati et al., 2009).

2.4. Identification of groups for coding concepts

The group for identifying and analysing the concepts were
established. The method followed for the present study was
adapted to the studies conducted by Brunette et al. (2018)
and Oana COCA (2017). Brunette et al. (2018) conducted
meta-analysis of literature to study the adaptation to climate
change in forestry using the statistical technique- Multiple
Correspondence Analysis (MCA). While Oana COCA (2017)
applied MCA to evaluate innovation in agriculture through
meta-analysis of literature from 1990 to 2016.

2.5. Identification of concepts and coding

The content of the articles were analysed and coding was
done based on the grounded theory.

2.6. Data analysis
After identification of the qualitative variables that regularly
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define agricultural innovation, Multiple Correspondence
Analysis (MCA) was done to analyse the relationship between
qualitative variables. Application of MCA is justified as the
dataset of the study consists solely of non-linear categorical
variables with more than 2 modalities.

MCA is a multivariate technique designed to discover both
inter-relations and intra-relations of two or more categorical
variables by reviewing the closeness and remoteness between
the variables (Anderson, 1990; Devillers and Karcher, 1991;
Chou, 1994; Greenacre, 1998; Baspinar and Mendes, 2002;
Mendes, 2002). Dots being close to each other are commented

to be similar to or related with each other depending on the
areas they fall into. Similarly, dots being far from each other
are commented to be unrelated (Dunteman, 1989).

3. Results and Discussion

The results of the study are presented under the following
heads :

3.1. Identification and selection of reference

By following the steps (Table 1 and 2) references were
identified and selected:

Table 1: Article selection in the first and second phase

Phase Items No. of article No. of article rejected No. of article selected for
displayed the next step ‘
Phase-I: Identi- Total article displayed 1296 nos.  Further criteria applied 1296 nos.
fication Article considered with 994 nos. 302 nos. rejected from 1296 nos. 994 nos.
criteria “Research article
Phase-lI: Article in open access 148 nos. 846 nos. rejected from 994 nos. 148 nos.
Screening For the year January 115nos. 33 nos. rejected from 148 nos. 115 nos.

2014- June 2018

Table 2: Article excluded in third phase

Phase Excluding criteria No. of article
rejected

No. of article selected

Phase-lll: Exclu- Were not available in full 1 nos.
sion & Inclusion paper

Were not writtenin English 4 nos.

Excluded by title 30 nos.
Excluded by abstract 33 nos.
Excluded by full paper 22 nos.

Out of 115 nos. of articles, 114 nos. considered for next step

Out of 114 nos. of articles, 110 nos. considered for next step
Out of 110 nos. of articles, 80 nos. considered for next step
Out of 80 nos. of articles, 47 nos. considered for next step

Out of 47 nos. of articles, 25 nos. selected

In the third phase, 115 numbers of articles were further
verified and irrelevant articles were removed based on the
following criteria (Table 2). Thus, a total of 25 articles were
selected for further analysis (Table 3).

3.1. The selected articles are described on the following
criteria

3.1.1. Methodology used

According to the methodology used (Figure 1), articles are
classified broadly in four categories: case study, survey,
review and other articles. Majority of the studies evaluated
innovations as detailed case studies (31%). In the other
category (30%), innovations were found to be evaluated
through experiments, in-vivo experiments and action
research.

3.1.2. Distribution based on Continent

Frequency distribution of articles (Figure 2) based on place
of reporting and evaluation of innovation has shown that as
high as 36 % of the total articles were published from Asian
countries followed by 24 % from European countries.

3.2. Identification of variables explaining agricultural
innovation

3.2.1. Identification of groups for coding concepts

The group for identifying and analysing the concepts were
established and presented in Table 4.

3.2.2. Identification of concepts and coding

For analysis of each group, key phrases describing same
phenomenon were categorised in some concepts. Thus, a
total of 19 sub groups (concepts) were identified and grouped
in 4 main groups (construct). Now the concept “agricultural
innovation” can viewed having 19 dimensions. All the
concepts were coded using numbers from 1 to 19 (Table 5).

3.2.3. Frequency and percentage analysis of the key concepts

The frequency and percentage distribution of literature
according to the key concepts were identified and tabulated
(Table 5) for further analysis. It is to mention that where there
was more than one purpose, type or evaluation indicator
present in a given paper, it was decided to consider the
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Table 3 : Overview of articles included in meta-analysis

SI. No. Author Place Innovations Methodology

1. Knuth et al. (2018) Germany Farm management systems (FMS) Survey

2. Mchunu et al. (2018) South Africa  Aquaponic system Survey

3. Dayamba et al. (2018) West Africa  Participatory Integrated Climate Services for Agri- Survey
culture (PICSA)

4 Masseroni et al. (2018) Europe Automatic system for paddyirrigation Case study

5. Rose et al. (2018) UK Decision support tools Case study

6. Bruce and Spinardi (2018) UK Resource efficient technologies Case study

7 Sixt et al. (2018) Jordan Water conserving agricultural practice Case study

8 Toop et al. (2017) Europe Circular Economy (AgroCycle) Experiment

9 Deng et al. (2017) China Cropping system innovation Review

10. Kanama and Nakazawa (2017) Japan Ingredient-branded foods (IBFs) Case study

11. Samiee and Rezaei-Moghad- Iran No-till technology Survey

dam (2017)

12. Cid et al. (2016) Brazil Application of Fipronil in an injectable form (sub- Invivo experi-
cutaneously) ment

13. Phondani et al. (2016) India Propagation protocols of 11 selected maps Experiment

14. Murage et al. (2015) Eastern Climate-smart push-pull technology Survey

Africa

15. Haque et al. (2015) Bangladesh  Integrated floating cage aquageoponics system Action
(IFCAS) research

16. Vahid et al. (2015) Canada A hot water Selected Inverted Sink (SIS) hybrid Field cam-
system (HWSH) paigns

17. Boden et al. (2015) Scotland Scenario planning methodologies Review

18. Zhang and Yan (2014) China Photovoltaic water pumping systems Experiment

19. Solh and Ginkel (2014) Lebanon, Integrated agro-ecosystem approach Review

Western Asia

20. Islam and Reeder (2014) us No-till (NT) farming Case study

21. Awada et al. (2014) Canada Zero tillage (ZT) Review

22. Hill et al. (2014) Canada Invitational Drought Tournament (IDT), a simulation
adaptation framework

23. Freitas and Landers (2014)  Brazil Zero tillage conservation agriculture (ZT/CA) Case study

24. Ramchandani and Karmarkar India System and action-based research consortium for Case study

(2014) improvement in livelihood
25. Bellotti and Rochecouste Australia Conservation agriculture Case study

(2014)

principal one for the present study.

Analysis of the literature reveals that main objective
of agricultural innovation in recent years is to ensure
environmental protection (60%), followed by improving farm
performance ( 28 %).

Majority of the researchers have discussed process innovation
(92 %) in their research findings. Among the process

w
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innovation, most frequently studied are the environment
preserving technologies (36%) and precision technologies
(20%). Process innovation related to computerization of
agriculture and crop organization studied by 16% each.
Innovations for manufacturing and processing is discussed
in only 4% of the articles. While, 8% of total articles have
evaluated product innovation.
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Action research 4%
Experiment 17%

Field campaigns 4%
In vivo experiment 4%

Va

Figure 1 : Articles distribution based on methodology
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Figure 2: Article distribution based on Continent

Table 4: Major groups for concept categorization

Group Symbol Group details

Innovation pur- ol The prime objective for in-
pose novation in agriculture

Type -Process TPss  Innovations in agriculture that
innovation can be regarded as process
Type - Product TPct  Innovationsin agriculture that
innovation can be regarded as product
Evaluation cri- EC Criteria through which in-
teria novation has been assessed
Innovation strat- IA Approach taken forinnovation
egy

Evolution indicators was operationalised as the criteria
based on which the innovation has been evaluated by the
researchers. Majority of the studies measured the innovation
in terms of the ability to reduce environmental impact (32%)
and to strengthen farmers’ participation (32%) in innovation
development, transfer, diffusion and adaptation to the
local system. Innovation evaluation criteria represented by
lowering cost and copyright protection has the lowest share
with only 4% .

As per analysis of the articles, it is clear that majority of
the innovations are process innovations. And for process
innovation, obtaining copy right may not considered as
important by the innovators. Again lowering cost may not
considered as prime criteria for evaluation while aiming at
environmental protection and improving farm performance,
which needs long term interventions. The cost may be equated
with higher profit with accelerated scale of economy.

While the innovation strategies - proactive and reactive were
found to be adopted equally (approx.) with 44 and 48%,
respectively. Literature that discussed the innovation adopting
a Business-as-usual strategy is only 2%.

3.3. Relationship between qualitative variables

In the last phase of coding, based on the prime purpose

w
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Table 5 : Coding of key concepts

Groups Concepts groups  Code Articles where
concept has
been found
frequency
(Percentage)

Innovation Environment pro- Ol1 15(60)

purpose tection

Consumer protec- 0I2 2(8)
tion

Resource manage- OI3 1(4)
ment

Improving farm Ol4 7(28)
performance

Type -Pro- Manufacturing TPss5 1(4)

cess inno- and processing

vation Environment pre- TPss6 9(36)

serving technolo-

gies

Precision technol- TPss7 5(20)
ogies

Crop organization TPss8 4(16)
Computerization TPss9 4(16)
of technology

Type-Prod- Inputinnovation  TPctl10 2(8)

uct innova-

tion

Evaluation Lowering costs EC11 1(4)

Indicator  proquction growth EC12 3(12)

Reducing environ- EC13 8(32)
mental impact

Strengthening EC14 8(32)
farmers participa-

tion

Revenue growth  EC15 4(16)
Copyright protec- EC16 1(4)
tion

Innovation Proactive IA17 11 (44)

Strategy  Reactive IA18 12(48)

Business-as-usual 1A19 2(8)

(BAU)

of the innovation, further grouping was done. Innovations
focusing on environment protection was grouped as ‘A’ and
not focusing on environment protection was grouped as ‘B’.
Then, the relationship of this major variable with the other
variables was analysed through Multiple Correspondence
Analysis (MCA).

As the first step of MCA technique, Matrix | (indicator matrix)
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was created by taking the total variables with respective levels
in columns and test units in rows. Therefore, Matrix | of this
study consists of 19 columns (4+5+1+6+3=19) and 25 rows.
Matrix | was created by assigning code ‘1’ for the levels of the
categorical variable containing the test units, and code ‘O’ not
containing the test units. In this study, Matrix | was analysed
by means of the Burt matrix consisting of internal multiplies
of Matrix I. The results of the MCA analysis are presented in
Figure 3. The analysis in question was conducted by using the
XLSTAT software.

Biplot

Innovation type-TPss5
Evaluation indicator-EC16

“Series 1 ® Innovation Approach-1A19

Evaluation indicator-EC13
mﬂgggﬁgﬂ tp\épuer—';I'OPSssS Innovation type-TPss7
Innovation Apuroai":r?—?&ia}-'on indicator-EC14
-1 0 1 2 3 4 5

.. e Innovation Approach-IA18
Evaluation inditator-E615 Innovation type-TPss9
Innovation type-TPss8  Innovation pourpose-B

Innovation type-TPss10

¢ ° Evaluation indicator-EC11
Evaluation indicator-EC12

Figure 3: Diagrammatic presentation of MCA results on
agricultural innovation

To reflect the consistency of the test, the Cronbach’s alpha
reliability coefficient should be as close to 1, with a minimum
limit of 0.7 for considering as consistent for most research.
For the present study, the Cronbach’s alpha reliability
coefficient has a value of 0.768, which indicates consistency
and relevance of the test.

Total inertia is 3.25 (Table 6). Main use of the inertia is that it
acts as anindicator of the numbers of axes to retain for further
analysis. From the results of MCA, it was seen that the Scree
plot has shown an elbow on the third dimension. So the first
and second dimensions are considered for the further analysis.

The two factorial axes explain 39 % of the total variance, and
the first factorial axis explains 21 % of variance, indicating the
fact that there is no much difference in the two axes.

Hence, studies focusing on environment protection as
prime purpose (Figure 3) included the analysis of innovation
processes related to environment preserving and precision
technologies that are capable of reducing environmental
impact through strengthening farmer’s participation and are
proactive in nature.

Both the innovation processes related to protect environment

Table 6: Eigenvalues from MCA

Dimensions F, F, F, F, F F, F F, Flo F, F,
Eigenvalue 0.70 0.57 0.42 037 034 023 020 0.16 010 0.09 0.06 0.02
Variability (%) 21.42 1760 1279 1126 10.52 7.17 6.02 507 297 275 170 0.74
Cumulative % 21.42 39.01 51.80 63.06 73.58 80.75 86.77 91.84 9481 97.57 99.26 100.00

and precision farming, indicated the need for a participatory
approach. Based on Rogers (1960), precision crop production
as an agricultural innovation is less compatible, as farmers
greatly vary in knowledge, skills and attitude to innovations,
as well as in farm size and financial funds. It may also due
to lack of counselling support. Much importance has been,
therefore, given on involving farmers for social learning,
community decision making and socialization of the precision
farming technologies (Dayamba et al., 2018; Boden et al.,
2015; Hill et al., 2014; Freitas and Landers, 2014; Bellotti and
Rochecouste, 2014)

Studies not focusing on environment protection as prime
purpose are found to evaluate innovations related to crop
organization and computerization of agriculture resulted in
revenue growth and were mostly reactive.

One more finding emerged from this study based oninnovation
strategy adopted. Findings showed that innovations reported
from developed countries are more proactive (32%) in their
approach compared to developing countries reporting only
12% proactive innovations (Figure 4).

While reviewed on the basis of prime purpose of innovation
(Figure 5), more than half of the articles focusing on
environment protection were published from developed
countries (53.33%), out of which, 40% were proactive

w
2. © 2019 PP House

< 35%

S 30%

(o] 0,

O

2 15%

2 10%

g % [ -
= 0% - -

3 Proactive Reactive BAU
E Developed 32% 24% 4%
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Figure 4: Distribution based on Innovation strategy
B Developed (53.33%) ODeveloping (46.67%)
13.33

40.00

26.67

Proactive

Literature No. (%)

Reactive

Figure 5: Distribution of innovation purpose environment
protection based on strategy

innovations. Compared to 46.67% articles focusing on
environment protection reported from developing countries
were mainly reactive (26.67%) in their approach. Less reporting
of agricultural innovations for protecting environment and
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cope with changing environment from developing countries
may be due to the fact that there is less intervention in the said
direction, whereas the developing world is more vulnerable
and affected by adverse climatic factors. Further, future of
agriculture and rural poverty alleviation depends on how
we ensure food, nutrition and livelihood security through
sustainable and integrated family farming, which is resilient
to uncertainties of open markets and climatic variability
(Dasgupta et al., 2015).

It can be infer that innovation strategies, given the less
availability of literature on environment protection, would
tend to be reactive than proactive (Brunette et al., 2018). The
observation is in line with the findings of Pasgaard & Strange
(2013) indicating “the supply of climate-change knowledge
is biased towards richer countries, which are more stable and
less corrupt, have higher school enrolment and expenditure
on research and development, emit more carbon and are less
vulnerable to climate change.”

4. Conclusion

Innovation is essential to enhance the value of agriculture.
In the changing scenario proactive strategies need to be
adopted during technology innovation and dissemination.
Extension Specialists has to adopt strategies for knowledge
negotiation, moderator in decision making, project evaluator,
programming of farm input and budget, facilitating simulation
exercises, forecasting technology, demand articulation etc.,
beside dissemination of technology. A proactive strategy is
expected to generate demand-driven and location-specific
technologies with strengthen knowledge base of the farmers
for sustainable livelihood.

5. Future Lines of Research

Skills needed by the young social scientists and extension
specialists to face the diversified challenges of 21 century
Indian agriculture through further meta-analysis of literature.
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