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Abstract— The objective of this article is to identify the determinants of the adoption of new irrigation technologies in
Moroccan agriculture. The research is carried out on a sample of 82 farmers from the Souss-Massa region (Morocco). The
results from the estimation of a binary logit model show that the variables: Age, level of education, non-farm income,
perceived utility, possession of a computer, farm size, access to credit, ease of use, influence the probability of adoption of
new irrigation technologies among farmers. The theoretical and managerial implications of this research are discussed.

Keywords— Precision agriculture, technology adoption, irrigation, logit model, Souss-Massa region.

l. INTRODUCTION

In Morocco, the digitization of agriculture has started to gain more interest in recent years from various public and private
actors. The last edition of the International Exhibition of Agriculture in Morocco (SIAM 2020) which was scheduled for
April 2020 devoted its theme to technological innovations in agriculture, with the slogan "The future of agriculture lies in
technological innovations . The COVID-19 health crisis has reinforced this need to move to a digital economy, especially
when this pandemic has crippled many sectors, threatening food security. The agricultural sector is then one of the most
affected sectors. Empirical studies suggest that new technologies have positive agronomic, economic and environmental
effects [1]. Experts now agree that technological innovation is an asset to save time and precision for the good of the farmer,
the operation and the environment.

Today, Moroccan agriculture sector seems by far a sector where technological innovations are omnipresent. Unfortunately,
we haven’t the figures on the use of new technologies in the agricultural sector, but according to the World Economic Forum
(WEF) in 2019, relating to information and communication technologies (ICT) at the global level, Morocco is ranked 100 out
of 176 in the ICT Development Index, and 78 out of 139 in the NRI Index ranking (Networked Readiness Index), which
gives us an idea of the level adoption of new technologies at the national level. At this level, precision agriculture (PA)
appears to be a major asset for making agriculture an innovative and responsible sector. The literature indicates that PA
technologies have one thing in common: optimizing agricultural production. PA technologies now allow farmers to apply the
right dose of input at the right time, reduce the use of phytosanitary products, predict the outbreak of diseases in a plot,
reduce energy consumption fossil fuel and accurately determine water requirements.

The Souss-Massa region, the Kingdom's main agricultural area, and one of the main centers of economic growth thanks to
projects initiated under the Green Morocco Plan. However, agricultural activities are threatened by their dependence on water
resources. With intensive use of irrigation gradually and dangerously depleting groundwater resources, the region's dam fill
rate has fallen from 41.73 percent last year to 24 percent this year. The introduction of new precision farming technologies
has become a necessity for a more rational use of natural resources.

The adoption of technologies by farmers is the starting point for agricultural development, of which farmers are the actors,
and technologies are the tools of this development. Adoption in itself is a complex part of this subject. Previous studies show
that the adoption of technology depends on many factors (socio-demographic, economic, institutional, ..), and the farmer is at
the center of the decision to adopt and accept the technology. The reality is that Moroccan farmers are so attached to their
habits and practices, and therefore they are used to the use of traditional techniques.

In this perspective, this work is positioned downstream of the decision to adopt new irrigation technologies (NT), it is
intended to explain the adoption of NT from PA, by putting focus on three irrigation technologies, namely: Capacitive
probes, weather stations, and mobile applications. Questions arise: On what can the adoption decision of the Moroccan
farmer depend? Depending on the determinants of adoption, what may be the implications and challenges for the Moroccan
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agricultural sector? The interest of this research lies in the understanding of the factors which lead the farmer to the adoption
of the NT which are essential at the same time for the decision makers, the diffusers of these technologies (companies), and
for the researchers who study the determinants of growth. Interest in digitization, especially with the arrival of the COVID-
19 pandemic, has only increased in recent times. The public authorities therefore need to understand the mechanisms of
adoption by the farmer in order to be able to put in place a strategy for the development of digital agriculture.

1. THEORETICAL FRAMEWORK AND RESEARCH HYPOTHESES

The literature review allowed us to identify several variables that may influence the adoption of precision agriculture
technologies. We have grouped these variables into four groups of explanatory variables: individual factors, organizational
factors, environmental factors, and technological factors.

2.1 Individual factors

Age is identified as a determining factor in adoption. Older farmers tend to be conservative and reluctant to change and adopt
technologies due to risk aversion [2] [3] explains that older farmers are more risk averse, less motivated to experiment with
NT, less likely to be influenced by the benefits of NT. [4] explains that young farmers are more open to innovations and
more likely to adopt new technologies. In the same way, [5] add that sometimes the adoption of technologies by older
farmers is explained by the high investment costs, and that these farmers already have the means for their acquisition unlike
the younger ones.

Hypothesis 1: Age has a negative effect on the adoption of new technologies.

The education level is highlighted by many authors as a determinant of the adoption of NT [5]-[7]. For example, [2] find that
the adoption rate increases with the level of a farmer's education, especially if it’s advanced technology, and that learning is
necessary for its use. The education level makes it easier for the farmer to use it, but also becomes someone more open to
innovation.

Hypothesis 2: The education level has a positive effect on the adoption of new technologies.

On the other hand, the cost of acquisition has been closely linked in the literature to farm and non-farm income. Research
results show that the higher the farm income, the more likely the farmer is to adopt new technologies [8]. The existence of
off-farm income also increases the chances of adoption [9] [10] explains that for farmers with moderate income, non-farm
income provides cash that can help the farmer learn NT. Access to off-farm income generating activities is generally
associated with technology adoption [11] found that adoption has high costs, and that higher-income farmers are more likely
to adopt them [12] showed that a 10% increase in income from agriculture was associated with a 9.2% increase in the
chances of a producer adopting these technologies.

Hypothesis 3a: High agricultural income has a positive effect on the adoption of new technologies.
Hypothesis 3b: The existence of non-farm income has a positive effect on the adoption of new technologies.

On the other hand, farmers are more likely to adopt NT after seeing their usefulness in the field [3], [9]-[11], [13], [14]. For
example, [15], in a study on the adoption of technologies in the dairy industry in Italy, he indicates that the demonstration of
NT is practically done within the networks of farmers, which then pushes them to adopt the same technology [16] adds that
cleaner production techniques (CPT) will only be adopted when farmers perceive their usefulness and the satisfaction of
other farmers who have already adopted this technology.

Hypothesis 4: Perceived utility has a positive effect on the adoption of new technologies.

Another important factor that affects adoption is the attitude to risk. Some farmers prefer to work with the means at their
disposal rather than invest in NT [8]. One of the reasons for this reluctance is uncertainty, first about the use of technology,
and second about the economic return. For example, when the market price of agricultural products falls, farmers tend to
invest less in capital (machine, innovation, etc.). For example, [10] points out that farmers who have less uncertainty about
the economic return of NRVs are more likely to invest in these technologies. Complex technologies require additional
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investment in learning [9] adds that a modest level of skills and know-how negatively influence adoption. Its results show
that technologies that require a lot of skill and technical know-how decrease the likelihood of their adoption.

Hypothesis 5: Risk attitude has a negative effect on the adoption of NT.

Computer use in farm management has been associated with the adoption of certain technologies such as the personal digital
assistant (PDA) [17], or the Autosteer GPS guidance system [13] [17] explains that farmers who use computers in
administrative management (for mail, invoicing, accounting, inventory and human resource management, etc.) may be more
likely to adopt PA technology [5] postulate that farmers who are open-minded about technological advancement are also
more supportive of technology adoption on their farms.

Hypothesis 6: Possession of a computer has a positive effect on the adoption of NT.
2.2 Organizational factors

Farm size is identified as a determinant of adoption. [6] explain that large farms are more complex to manage, NT have been
shown to be effective in optimizing production and reducing costs [18] explain that the farm size is linked to the adoption of
NT, as the farmer tends to devote some of his land to trying a NT first, unlike small farms. These findings align with several
research studies on the adoption of PA technologies [4]-[6], [15], [19].

Hypothesis 7: The size of the farm has a positive effect on the adoption of new technologies.

On the other hand, [10] show that the lack of a title deed significantly decreases the likelihood of farmers adopting the
technologies. This is because farmers with title deed are more likely to adopt practices that improve the soil compared to
those who are in rental. Studies [12], [20] indicated that farmers who had obtained certificates of ownership felt more secure,
which enabled them to make long-term investments. This is the case for example with drip irrigation; its non-adoption is
most often linked to the rental status which does not benefit from subsidies.

Hypothesis 8: The absence of a title deed has a negative effect on the adoption of NT.
2.3 Institutional factors

Our exam of the literature showed the importance of the role by public services for encouraging the adoption of new
technologies. It has been shown that awareness [21], [22], access to agricultural extension services [22], credit facilities and
aggregation practice [7], [10], [18], [23] are essential to encourage the adoption of technological innovations [22] find that
training and extension are means of raising awareness and supporting the adoption of watershed management practices [5]
stress the importance of good advice, and offer the necessary information. The author points out that the lack of counseling
and training is a barrier to adoption, and that internet availability alone is not a sufficient factor for farmers.

Hypothesis 9: The presence of a consulting service has a positive effect on the adoption of NT.

Farmers' access to credit services is identified as a determinant of the adoption, because bank credit allows farmers to have
other financial resources, and therefore invest in new technologies. Several studies [7], [18], [23] conclude that farmers'
access to credit services increases the likelihood of technology adoption [10] have shown that subsidies and taxation are tools
for adopting new technologies [21] indicated that the adoption of green manure is strongly linked to certain government
measures, such as subsidies for maintenance, reduction of tax for adopters, reduction of interest rate [23] show that the
variable amount of subsidy is strongly correlated with the probability of adoption, the higher this amount, the greater the
probability of adoption. In other words, the difficulty in accessing subsidies was associated with a relatively low adoption
rate. The more difficult it is for farmers to access subsidies, the lower the likelihood of them adopting drip.

Hypothesis 10: Access to credit has a positive effect on the adoption of NT.
2.4 Technological factors

The cost of acquiring technology is often identified as a determinant of adoption [6], [7], [24]-[26] [5] point out that the
majority of farmers are reluctant to introduce precision farming techniques mainly because of their high costs. Large farms
are more likely to adopt precision farming technologies compared to small farms due to their financial capacity [10].
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Hypothesis 11: The more the farmer perceives the cost of the technology, the lower the probability of adoption.

Ease of use is identified as an important factor in the adoption of PA technologies [21] find that farmers' intention to adopt
EWS is influenced by perceived ease of use, subjective norms and perceived behavioral control. The authors show that
farmers' perception of the ease of use of PA technology has a significant impact on its adoption. A farmer who perceives PA
technology as complex or difficult to use is therefore less likely to adopt it [27].

Hypothesis 12: The perception of ease of use has a positive effect on the adoption of new technologies.

The figure below summarizes the variables that may explain the adoption of NT.
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FIGURE 1: Proposed model to explain adoption of NT.
I1l.  METHODOLOGY

In this section, we detail the methodology of the empirical study. First, we specify the research approach (3.1), the nature of
the sample and the data collection method, then (3.2) we present the data analysis procedure (3.3).

3.1 Justification of the research approach

The already significant literature on the variables used in this research invited us to have a hypothetico-deductive approach.
Indeed, [28] recall that when theoretical work provides enough knowledge on the phenomenon studied and lays intellectually
consistent and empirically relevant theoretical bases, the deductive approach is desirable.

3.2 Sample and data collection

Our data collection was carried out in the region of Souss-Massa (Morocco). To collect the data, we opted for remote surveys
during the month of April 2020. This choice is justified because of the health crisis (COVID-19), and the obligation of social
distancing. A questionnaire was developed based on our theoretical framework. It is composed of four parts: Individual
factors, organizational factors, institutional factors and technological factors. Table 1 gives an overview of all the variables,
and the response methods.

We contacted the public services and companies supplying new technologies in the region to obtain the telephone directories
of the farmers. A telephone directory of 130 farmers has been established. A pre-test was carried out on a sample of 10
farmers to test and adapt the questionnaire.

In order to be able to effectively explain the phenomenon studied, a large sample is needed. Otherwise, the results will be of
limited scope, which could constitute a limit to the model used. Concretely, the rule is that for each explanatory variable, it
will take at least between five to ten observations. In our case, we have retained thirteen variables, that is to say a minimum
of total observations ranging between [65; 130[. And since we have made 82 observations, the minimum number required for
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logistic regression modeling is reached. While such a sample doesn’t make it possible to ensure the representativeness of the
results obtained and to seek external validity, it already leaves the possibility of improving our knowledge of the process of
adoption of NT by farmers.

BRIEF DESCRIPTION OF VARIABLE-IS-AL\JI?SII;ED }N THE LOGIT REGRESSION MODEL
Variable Type Description
Adoption of NT Binary 1=Yes;0=No
Age Categorical 1=<45;2=45-60; 3 =Plus 60
Level of education Categorical 1 = llliterate ; 2 = Primarylevel ; 3 = Secondarylevel ;4 => Bac+3
Farmincome Continuous -
Non-Farmincome Binary 1=Yes;0=No
Perceived utility Scale 1 = Not at all useful; 2 = Not useful 3 = Useful; 4 = Very useful
Risk attitude Scale 1 = Not at all risky; 2 = Not risky; 3 = Risky; 5 = Very risky
Possession of a Binary 1=Yes:0=No
computer
Farm size Categorical 1=<20;2=20-50;3=50-100; 4=>100
Land tenure Binary 1 = Property ; 0 = Location
Financial support Binary 1=Yes;0=No
Consulting survice Binary 1=Yes;0=No
Technologycoast Scale 1 = Not at all high; 2 = Not high 3 = High; 4 = Very high
Easy of use Scale 1 = Very easy; 2 = Easy; 3 = Difficult; 4 = Very difficult
3.3 Data analysis procedure

The adoption of new technologies is a YES or NO type choice, which refers to the Probit and Logit models which have been
widely developed and used to study choice problems with binary dependent variables [29], [30].

The logit model is written as follows: (Y1 X) =P (Y=11 X) =L(X'B)

Estimation in such a nonlinear model is more often based on the principle of maximum likelihood than on the principle of
least squares. By the principle of maximum likelihood, we seek to calculate the value of the parameter g which maximizes
the function L(S|Xn). It is equivalent to find the parameter which maximizes the log-likelihood: 1]Xn=In L(B|Xn )

= D MG + (1= ¥ In{l = G(X'B)]
i=1

V. RESULTS AND DISCUSSIONS

In this part, we present a descriptive overview of our sample (4.1), and then we present the results of the research hypothesis
tests (4.2).

4.1 Descriptive overview of the sample
All the agricultures in our sample are managed by men, with an average age of 45 years.

The distribution of farmers in our sample by educational level shows that 35% of farmers have a higher education than BAC
+ 3. 42% are illiterate, and 23% have primary and secondary levels.

Regarding the size of the farms surveyed, our sample is made up of farms with an area ranging from 2 ha to 800 ha. Almost
40% of the farms in our sample have a size between 5-20ha, 15% have a size between 20 and 50ha; 15% are between 50 and
100ha, and 30% are over 100ha.
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For the type of crop, market gardening is identified as the main crop in 62% of the farms in the sample, against 38% for
citrus.

For land tenure, rental is dominant; it represents 57% of the farms in our sample. The rest are private property.

Finally, concerning the direction of production, 43% of the production of farms is intended for the local market, 40% is
reserved for export, and 17% of production is intended for processing.

4.2 Estimate of the Logit model of adoption of new technologies

Our dependent variable is NT adoption, which is a binary variable taking the value O if the farmer doesn’t adopt any
technology, versus the value 1 if the farmer adopts the three technologies pack aforementioned. The results of the estimation
of the binary logistic model are presented in Table 2.

The model fits well, having fulfilled the conditions of a predictive model. Based on the forward selection method, the best fit
model was created in six steps with the likelihood ratio test. Nagelkerke's R? of 0.52 indicates a satisfactory relationship
between the independent variables and the dependent variable. R2? logit is 0.39, which means that almost 40% of the
variability in the probability of adoption is explained by the variables of the final model. We can then look at the Hosmer -
Lemeshow test. This indicates whether there is a significant difference between the predicted and observed values. The
ranking table shows that our model is able to correctly predict 73.4% of adoption cases, indicating a good fit of the model.
Following the ascending method (Forward selection), and the likelihood ratio test (LR), only significant variables appear in
the final model. The influence of the variables is expressed by the values of the logistic coefficients (B), and the odds-ratios
are expressed by E [B].

RESULTS FOR NT ADOPTION TEI/TAEBIID_E\g BINARY LOGISTIC REGRESSION

Variable Coefficient | std, Error | Wald X2 Prob. E[B]
Age -0,221 0,091 5,90 0,007*** 0,802
Level of education (> Bact3) 0,68 0,027 634,29 0,0012*** 1,974
Non-Farmincome(1 : Yes) 0,1823 0,054 11,40 0,012* 1,200
Perceived utility 0,1118 0,068 2,70 0,015* 1,118
Possession of a computer(1 : Yes) 0,096 0,047 4,17 0,0501* 1,101
Farm size (>100ha) 0,177 0,051 12,04 0,000*** 1,194
Farm size ([50 — 100ha]) 0,089 0,021 17,96 0,028* 1,093
Financial support(1 : Yes) -0,118 0,045 6,88 0,031* 0,889
Easy of use 0,168 0,021 64,00 0,000*** 1,183

C 5,501 1,124 23,95 0,021* 244,937

Note : Method: forward selection (likelihood ratio), dependent variable: NT Adoption (0 = no adoption; 1 = adoption of NT); original
model (-2Log-Likelihood): 530,107; Full model (-2 Log-Likelihood):324,710; Chi squared: 205,389***; R2 (Cox and Snell) = 0.355; R?

(Nagelkerke) = 0.523; Hosmer—Lemeshow test: Chi squared = 11,489, df = 5, Sign. 0,176 (n.s); R2logit = 0.399 Classification (model):

74.5%; N =82; *p < 0.05, **p < 0.01, ***p <0.001.

The age of the farmer negatively affects the adoption of new technologies (B1 = -0.221, p <0.01). A farmer who belongs to
the age group of 60 and over decreases the probability of adoption by 22.1%. This result is consistent with the literature. For
example, [4] find that the age of the farm manager has a negative effect on the likelihood of adopting irrigation technologies.
For his part, [3] explain that older farmers are more reluctant to change, less motivated to experiment with new technologies,
less likely to be influenced by the benefits of new technologies. Hypothesis H; is validated.

The level of education of the farm manager has a positive impact on adoption (f2 = 0.68, p <0.01). According to the results
obtained, a farmer with a level of education of Bac + 3 or more, increases the probability of adoption by 68% compared to an
illiterate. The latter is half as likely as the former to adopt NT. This result is consistent with the results of several studies [5]—
[71, [31]. For example, [2] find that the adoption rate increases with the level of education of the farmer, especially if the
technology is advanced, and learning is necessary for its use. The H, hypothesis is validated.
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On the other hand, we didn’t find a significant link between farm income and adoption. This result can be explained by the
fact that the farmers in our sample haven’t sufficient income to invest in or experiment with new technologies. Hypothesis
Hs, is rejected. On the other hand, the existence of a non-agricultural income (or a secondary activity) increases the
probability of adoption by 18.23% compared to a farmer who doesn’t have a non-agricultural income (B5 = 0.1823, p <0.10).
This result is similar to that of [9] who point out that the existence of a non-agricultural income increases the chances of
adopting NT. Indeed, [10] explain that for farmers with moderate income, off-farm income provides cash that can help the
farmer to acquire new technologies. The Hay, hypothesis is validated.

For perceived utility, the results of the estimate show that it has a positive effect on adoption (B5 = 0.1118, p <0.05). This
result is consistent with several studies, the authors agree that farmers are more likely to adopt new technologies after seeing
their usefulness [8], [13]-[15]. Hypothesis H, is validated.

As for Risk Attitude, we didn’t find a significant link with adoption. In the literature, it’s stated that risk aversion is often
linked to the cost of investing in NT. Indeed, an investment in drip or in the use of drones requires a significant budget. In
our study on the adoption of NT (capacitive probes, weather station, applications on smart phone), their costs aren’t high,
moreover there is the possibility of reselling them on the second-hand market. Hypothesis Hs is rejected.

On the other hand, having a computer slightly affects adoption (5 = 0.0122, p <0.05). The probability of adoption increases
by 1.22% if the farmer already has a computer before the adoption. This result is similar to that of [13], who find that
computer use in farm management is correlated with the adoption of certain technology (such as the autosteer GPS guidance
system). Computer use is one indicator that shows farmers are open to technology. As pointed out [5], farmers who are open-
minded about technological progress are also more favorable towards technology adoption. Hypothesis Hg is validated.

As for the size of the farm, the results from the model estimate show that this has a positive impact on the adoption of
technologies. However, this positive effect is not felt in the same way depending on the area class. Indeed, farms whose size
is between 50 and 100 hectares, increase the probability of adoption by 8.9% (B5 = 0.089, p <0.01), while farms whose size
is more than 100 hectares increase the probability adoption rate of 17.7% (B5 = 0.17, p <0.01) compared to the area of less
than 20 ha. This result is consistent with several studies [10], [13], [15]. This is mainly due to the fact that large farms are
more complex to manage, hence the need to use new technologies to optimize production and reduce costs. Hypothesis H- is
validated.

The results of our estimations didn’t establish a significant association between the land tenure variable (property title) and
adoption. This can be explained by the type of NT in question. In fact, almost half of the farmers in our sample own their
land. Studies [20], [26] have shown that farmers who have ownership certificates felt more secure to invest in NT, but it also
depends on the nature of this investment, particularly if it’s a long-term investment. As in the case of drip, which requires
significant investment, which often farmer owners who adopt NT. Hypothesis Hg is rejected.

Although agricultural advice also has a positive impact on the adoption of NT [5], [18], [32], our results didn’t lead to a
meaningful relationship. This can be explained by the council’s goals in relation to digitization and the introduction of NT.
We questioned the farmers whether they had participated in training or awareness-raising workshops on NT. It turned out
that the themes discussed during these meetings are far from NT, they often relate to other agricultural activities other than
NT. Hypothesis Hy is rejected.

Although farmers' access to bank credit services is identified as a determinant of adoption [7], [18], [23]. This finding isn’t
validated in the context of our study. Indeed, our results show rather that farmers who have benefited from a bank loan are
less likely to adopt NT ($10 = -0.118, p <0.05). Having a bank loan lowers the probability of adoption by 11.8%. This can be
explained by the fact that the farmers who applied for credit, other things being equal, is a sign that they aren’t already in
good financial health. Hypothesis Hyq is validated. For grants, they are usually intended for specific activities, other than
purchasing NT from precision agriculture. The farmers who declared that they had received financial support in the form of a
subsidy specified that the financial support was intended for basic equipment (tractors, plows, fertilizer spreaders, seed drills,
combine harvesters, mower binders).

Regarding the Cost of the technology, the results of the estimates show that it hasn’t significant effect on adoption.
According to our interviews with the suppliers of NT in the Souss-Massa region, they testify that the main obstacle to the
non-adoption of new technologies by Moroccan farmers isn’t the cost, but rather it is due to attitudes and practices with
which farmers are familiar. Although in many studies on the adoption of new technologies, the cost of the technology is often
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linked to the decision to adopt. However, in our opinion, it depends on the cost of the technology. A technology, the cost of
which is high, will make the farmer hesitate to acquire it. Hypothesis H; is rejected.

Finally, Ease of use has a positive effect on adoption (B9 = 0.168, p <0.001). A farmer who perceives a technology as
difficult to use has less chance of adopting it compared to a farmer who perceives use as easy. This result can be explained
by the fact that a third of the farmers in our sample have a BAC+3 and above. The level of education plays an important role
in the use of NT, it would be easier for educated farmers to use technology compared to illiterate farmers. Hypothesis Hy, is
validated.

V. CONCLUSION

The objective of this article was to study the determinants of the adoption of NT. Based on the existing literature on the
subject, a theoretical framework was developed. To test this theoretical framework, we relied on a sample of 82 farmers from
the region of Souss-Massa (Morocco). The results from the estimation of a binary logit model show that the variables : Age,
education level (> Bac+3), non-agricultural income, perceived utility, possession of a computer, farm size, credit access, ease
of use, influence the probability of adopting NT among the farmers. To our knowledge, there’s no empirical work on NT
adoption in Morocco. The results of this study provide some answers to the adoption of NT by Moroccan farmers. They can
be useful for public authorities and companies providing NT to set up strategies to promote the digitalization of the
Moroccan agricultural sector.

The low education level among farmers requires efforts in terms of training, supervision and monitoring. Indeed, the
technologies that fall within the scope of PA require learning which would only be possible if the farmer is able to
understand their operation (reading a user manual or a display screen, entering data, settings, etc.). As our results show, the
education level can make it easier or harder to use a technology. As the literature states, a technology could be adopted even
if the farmer perceives the difficulty of using it. Studies show that farmers' perception of the ease of use of PA technologies
has a significant impact on its adoption. A farmer who perceives PA technology as complex or difficult to use would
therefore be less likely to adopt it. In the short term, it isn’t possible to increase the education level of farmers so that they
can fully understand their benefits, however, the public authorities can, therefore, act on building skills and knowledge- do
this through training workshops and the provision of extension services that could equip farmers with the skills needed for
NT acceptance and adoption.

Risk aversion can be overcome by improving the perceived usefulness of new technologies by farmers. This is important
because farmers tend to ignore the benefits of using precision technologies [31]. Governments can then encourage farmers to
use NT by demonstrating their usefulness. This can be done in collaboration with private companies, suppliers of these
technologies, through the organization of demonstration workshops.

However, based on our knowledge of the field, certain variables whose effects turned out to be insignificant. These results
should be interpreted with caution. For example, we didn’t establish a significant link between land tenure and the likelihood
of adoption. In Morocco, agricultural development faces problems of various kinds, but land in rural areas is often taken to
be the main cause. Indeed, the land structures, the land status and the mode of access to land are taken to be the major
constraint and the most important blocking factor to private agricultural investment, a real engine of agricultural
development. The collective lands in their current forms, are considered on the basis of assumptions, as major obstacles to
agricultural development, because they don’t provide the conditions of security and stability necessary for agricultural
intensification and development. private investment. Nationally, 70% of farms have less than 5 ha, and only accumulate 24%
of the utilised agricultural area (UAA). This specificity of the size of farms can pose a serious problem for the
implementation of an agricultural innovation strategy.

This study isn’t without its limitations. As with all cross-sectional analyzes, it’s difficult to test causalities even if they
remain theoretically justified. Indeed, the expression "cross section™ is used when the dependent and independent variables
are measured on the same date. In this case, the results obtained do not always allow the identification of causal relationships.
Also, the data collection was done remotely during the health crisis (COVID-19), which didn’t allow us to collect more
information.

In order to broaden our understanding of the NT adoption process among farmers, it would be interesting to integrate other
variables into the predictive model, such as the orientation of production (local market vs export), the type of culture.
Interactive effects are also necessary to better understand adoption. For example, studying the joint effects of educational
level with ease of use, and farm size with type of crop on adoption.
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Finally, digitization has now become an imperative in all sectors of the economy, including agriculture. COVID-19 will
certainly accelerate this drive for modernization, but its success begins with an understanding of the mechanisms that lead the
farmer to accept and adopt new technologies.
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