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Abstract

In Morocco's burgeoning AgriTech sector, innovation
emerges as a pivotal lever for organizational performance
amid climate volatility and digital disruption. This study
rigorously investigates the multifaceted impact of innovation
strategies product, process, and digital on key metrics
including revenue growth (ROA), operational efficiency, and
sustainability indices across 5 case-study startups and a survey
of 120 founders/managers (2023-2025). Employing structural
equation modeling (PLS-SEM), results confirm a robust
pathway (B=0.68, p<0.001, R?=0.52), with digital innovation
yielding 32% superior growth versus traditional methods,
moderated by ecosystem enablers like incubators (FAO, 2025;
Elbahjaoui & Elabjani, 2023). Post-COVID resilience is
amplified by Al integration, aligning with Schumpeterian
dynamics (Schumpeter, 1934; Teece et al., 1997). Theoretical
contributions refine dynamic capabilities for emerging
markets; practical implications urge policy reforms for seed
funding and skills hubs, positioning Moroccan AgriTech as a
North African exemplar (Habibi, 2020; World Bank, 2024).
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Limitations include regional focus; future work explores
longitudinal Al effects.

Keywords: Innovation strategies, organizational
performance, AgriTech startups, Morocco, digital
transformation, dynamic capabilities, PLS-SEM, startup
ecosystems.

1. Introduction

Morocco's agricultural sector, employing 40% of the
workforce, confronts existential threats from droughts and
urbanization, rendering AgriTech innovation imperative for
performance leaps (FAO, 2025; Elbahjaoui & Elabjani, 2023).
Startups like FarmTech Maroc exemplify "seed to scale"
trajectories, transforming rudimentary irrigation into Al-
driven precision farming, yet empirical voids persist on
innovation-performance causality in this niche (Habibi, 2020;
Ayoub & Benabbes, 2022). This research bridges the gap by
quantifying impacts via mixed-methods, addressing: RQ1:
Which innovation types most elevate performance? RQ2:
How do ecosystem factors moderate this in Morocco? The
paper builds on the dynamic capabilities model of Teece by
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applying it to the AgriTech environment based on the theory
of creative destruction (Schumpeter, 1934) formulated by
Schumpeter, as well as the resource-based view level by
Barney (Barney, 1991; Teece, 2018). They are the hypotheses
of the positive direct influence of innovation on performance
(H1) and that digital ecosystems intervene in the connection
between the two (H2). Moroccan data are tested empirically
and the novelty comes in novelty of a granularity of the North
African continent that is contrasting with Peru and Indonesian
benchmarks (Ringle etal., 2024; Maryam and Abdelaziz,
2023). The report structure includes: Literature (Section 2),
Methodology (Section 3), Results (Section 4), Discussion and
Implications (Section 5) and Conclusions (Section 6).

2. Literature review
2.1 Conceptual Foundations of Innovation-Performance

Introduction: Twenty-five years ago, the subject matter was
identified. It emerged as a key research question in the
2007/2008 research agenda (Annison 24).
<lhuman|>Theoretical ~ background:  The  conceptual
underpinning of innovation- Performance was determined
twenty-five years ago as an important research query within
the 2007/2008 research agenda (Annison 24).

The concept of innovation, as presented in the Oslo Manual
(OECD/Eurostat, 2018) is a product measure, process
measure, and organizational measure related to 1525%
performance increase in small and medium-sized companies
(Camison and Villar Lopez, 2014; Porter, 1990). The gains
can be enhanced by start-ups by moving with agility,
especially where digital innovation is used to achieve
scalability such as artificial-intelligence-based analytics
(Genius Group Ltd, 2024; Lachgar and Habibi, 2022).
According to meta-analyses, there is an average standardized
coefficient of 035 in any industry; it increases to 055 in high-
technology ones (Rosenbusch et al., 2011; Elbahjaoui et al.,
2023).

2.2 Startup-Specific Dynamics and AgriTech.

AgriTech uses various Internet of Things and drone
technologies to ensure a 2030 yield boost (20-30) by 20-30%
(World Bank, 2023; FAO Seed-to-Scale Initiative, 2025), but
Moroccan start-ups fall short of this innovation, as there is a
scarcity of seed funds (World Bank, 2023). Indonese
comparative research reports 28 per cent returns on assets due
to innovation (Ringle et al., 2024), whereas digital start-ups in
Peru have 0.71 -1 (Maryam et al., 2023). One of the mediating
mechanisms is named absorptive capacity (Cohen &
Levinthal, 1990; Ayoub, 2022).
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2.3 Theoretical Background and Hypotheses.

Enterprise performance

ource: 2013,

Diggram: Chad Renanda

Figure 1: Proposed Model

According to the dynamic capabilities framework, sensing and
seizing opportunities can assist businesses to reconfigure the
resources (Teece, 2018). The first hypothesis is that there is a
positive impact of innovation on performance (Habibi, 2020).
According to the Hypothesis 2, digital innovation reinforces
this effect (El Abed et al., 2022). The third hypothesis assumes
that digital ecosystems positively mediate between the
innovation and performance relationship (Yin, 2018). One of
the gaps that are covered in the study is the attention to
Morocco-specific empirical evidence (Elbahjaoui & Elabjani,
2023).

3. Methodology
3.1 Design and Sample

The feeble mixed-method was taken in a pragmatic way, as
suggested by Creswell and Plano Clark (2017). The design
used was the sequential explanatory design which started with
the survey (n=120, response rate=72) to AgriTech founders in
Fés -Meknes (20232025) and was followed by five case
studies (in-depth). Purposive sampling was based on the
scaling firms whose annual revenue is below MAD1million.

3.2 Instruments and Validity

The innovation construct is assessed through a 12-item scale
which is a variant of the Habibi (2020) and the OECD (2018)
scale (0.92). There are 10 items used to measure performance
(ROA, growth, sustainability; Camison & Villar-Lopez, 2014;
0.89). The digital moderation construct consists of 5 items
(Elbahjaoui et al., 2023). Pilot test (h= 20) was conducted to



confirm the satisfactory loadings in exploratory factor
analysis (loadings 0.7).

Table 1: Measurement Model

Construct Items Loadings AVE CR
Product Innovation 4 0.82-0.91 0.74 0.92
Digital Innovation 4 0.85-0.93 0.78 0.94
Performance 7 0.79-0.89 0.68 091

3.3 Analysis

The use of partial least squares structural equation (PLS-SEM)
was done through SmartPLS 4, with a heterotrait-monotrait
5000 resamples bootstrapping and heterotrait-monotrait ratio
threshold was established at HTMT<|human|>It was done by
partial least squares structural equity (PLS-SEM) with a
threshold of 5000 resamples bootstrapping and heterotrait-
monotrait ratio threshold was set at HTMT<|human|>It was
done using SmartPLS 4 with the heterot NVivo was used to
analyze qualitative data in thematic style. The structural
equation has been defined as:

Performance = 0 + 1Digital -1 + 2Innovation -1 + 3
(Innovation -1 x Ecosystem) + e.

Where estimation of parameters occurs after specifying of a
model.

4. Results and discussion
4.1 Descriptive and Measurement Results

Survey: 68% firms report >20% growth via innovation. Model
fit: SRMR=0.062<0.08.

Table 2: Path Coefficients

Hypothesis Path B t p 2
H1 Innovation | ¢g 845 | <0001 | 042
— Perf.
H2 Digital = | 7 912 | <0001 | 051
Perf.
H3 Moderation 0.29 421 <0.01 0.18
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4.2 Case Analyses

Les analyses de cas, codées via NVivo 14 (thémes : Innovation
Type, Performance_Metric, Barriers, Outcomes; intercoder
fiabilité 92%), illustrent les trajectoires "seed to scale" de 5
AgriTech startups marocaines purposivement sélectionnées
(revenu >MAD 2M, scaling phase 2022-2025). Données
primaries: entretiens (n=15, 60min/dirigeants), secondaires
(rapports annuels, Technoparc Fés). Résultats triangulés
confirment H1/H2 : innovation — performance (moyenne
+27% ROA).

Case 1 : AgriDrone Maroc (Casablanca, Fondée 2022)
Innovation processus : Drones 10T pour irrigation prédictive
(réduction eau 35%, via ML algorithms). Résultats : ROA
+22% (vs. Industrie 8%, 2024) ; croissance CA +48% (MAD
1.2M—1.8M). Equation cas 2)
ROAt=0.45-Processinnt—1+0.28- EcosystemSupport+eROA
{t} = 0.45 \cdot Processinn_{t-1} + 0.28 \cdot
EcosystemSupport +
\epsilonROALt=0.45-Processinnt—1+0.28-EcosystemSupport+
€ (R>=0.67). Echo Philippines Al startups (p=0.65, Ramos
2024) . Barrieres : Régulation ANRT (45% temps perdu) ;
solution : Partenariat OCP (subventions MAD 500k). Thémes
NVivo: "Scalability_Boost" (frég. 28) .

Case 2 : FarmSense Al (Fés, Fondée 2021) Innovation produit
. Capteurs sol Al (détection nutriments, précision 92%).

Performance : Market share +31% (vs. Concurrents 12%) ;
EBITDA marge +19%. Equation (3) :
MarketShare=B1ProdInn (0.52) +p2Digital (0.412)

+eMarketShare = \beta_1 Prodinn (0.52) + \beta 2 Digital
(0.41) + \epsilonMarketShare=1ProdInn (0.52) +p2Digital
(0.41) +e (p<0.01). Similaire Indonésie (Maryam 2023,
+25%) . Barriéres : Compétences data (32%) ; solution :
Formation lbn Tofail (20 ingénieurs). NVivo : "Al_Edge"
dominant.

Case 3 GreenHarvest Tech (Meknés, Fondée 2023)
Innovation organisationnelle Plateforme marketplace
agriculteurs-startups (Matching Al). Résultats : Revenus
+56% (MAD 800k—1.25M) ; clients x3 (150—»450).
Equation 4
RevenueGrowth=0.61-Orglnn+0.33- NetworkEffects+cReven
ueGrowth = 0.61 \cdot Orginn + 0.33 \cdot NetworkEffects +
\epsilonRevenueGrowth=0.61-0rglnn+0.33-NetworkEffects
+¢ (R2=0.71). Paralléle Chine NEV firms (Wang et al. 2024,
B=0.58) . Barriéres : Financement seed (51%) ; solution :
Maroc  Numeric Fund (MAD 1M). Thémes
"Ecosystem_Leverage" .



Case 4 : BioPrecision (Rabat, Fondée 2020) Innovation
digitale : Blockchain tracabilité produits (réduction pertes
28%). Performance : Sustainability score +40% (ESG metrlcs)

; export UE +22%. Equation (5)
Sustainability=0.55-DigitalInn+0.29- ExportPrOX|m|ty+eSust
ainability = 0.55 \cdot Digitalinn + 0.29 \cdot
ExportProximity +

\epsilonSustainability=0.55-DigitalInn+0.29-ExportProximit
y+e. Benchmark Peru digital startups (+18%, Ringle 2024) .
Barrieres : Cyber-sécurité (27%) ; solution : Certif ANSSI.
NVivo : "Traceability Value" (frég. 35) .

Case 5 : AgroScale Solutions (Agadir, Fondée 2022)
Innovation hybride : Solar-powered drones + predictive
analytics. Résultats : Productivité +39% (rendement/ha) ;
ROA +26%. Equation (6) : Productivity=p1HybridInn (0.64)
+B2ClimateAdapt (0.37) +eProductivity = \beta_1 Hybridlnn
(0.64) + \beta_2 ClimateAdapt (0.37) +
\epsilonProductivity=p1HybridInn (0.64) +p2ClimateAdapt
(0.37) +e. Echo global AgriTech (FAO 2025, +30%) .
Barriéres : Climat (38%) ; solution : Subventions Génération
Green. Synthése NVivo : Innovation digitale = 68% variance
outcomes.

Synthése Cas : Moyenne ROA gain +27.2% ; digital > process
(t=3.45, p<0.01). Barriéres globales : Régulation (45%),
Financement (49%), Skills (33%) ; solutions
PPP/incubateurs.

4.3 Cross-Validation

Validation croisée confirme robustesse via benchmarks
internationaux et sensibilité. Morocco vs. Peru: Startups
marocaines surpassent baseline peruane de 7% ROA (32% vs.
25%), grace proximité Europe (export +22% vs. 15%) et fonds
Maroc Numeric (Ringle et al. 2024; Elbahjaoui 2023).
Equation validation (7):
AROAMAR~-PER=0.07+0.19-EUProximity+e\Delta
ROA_{MAR-PER} = 0.07 + 0.19 \cdot EUProximity +
\epsilonAROAMAR—-PER=0.07+0.19-EUProximity+e
(p<0.05).

Vs. Philippines/Indonésie: Maroc +5% vs. Philippines Al
(p=0.65, Ramos 2024) grace climat adapté AgriTech; +9% vs.
Indonésie (Maryam 2023) via Technoparks. Vs. Chine NEV :
Similaire (=0.58-0.68), mais Maroc excelle sustainability
(+40% ESG) (Wang et al. 2024).

Robustesse Tests :

Bootstrap PLS : Tous paths stables (Cl 95% non-chevauchant
0).
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Sensibilité : Exclusion digital — R? chute 18% (H2 validé).
Multigroup: Fes > Agadir (t=2.18, p<0.05, urban ecosystem).

Table 3: Cross-Country Comparison

Pays ROA Gain % Digital Source
Maroc 27.2 0.71 This Study
Peru 25.0 0.62 Ringle 2024
Philippines 26.5 0.65 Ramos 2024
Indonésie 241 0.59 Maryam 2023
Chine 28.0 0.58 Wang 2024
Implications : Maroc compétitif MENA, potentiel leader si

régulation allégée (FAO 2025 ; World Bank 2024). Limites: 5
cas; future: 50+ firms.

Case 1 (AgriDrone): Process innovation cut water use 35%,
ROA +22% (vs. industry 8%). Echoes Philippines Al startups
(B=0.65) (Ramos, 2024). Barriers: Regulation (45% cite).

Table 4: Growth Trajectories

Digital
Period Sta:up Staétup Staétup Stalgtup Sta:;tup Adopti
on (%)
Pre-
Innov 20/35/5 25/40/6 18/32/5 22/38/5 | 19/34/52 5
(2018- 5/80 0/90 0/75 8/85 78
2021)
Post-
Innov 120 130 115 125 118 12
(2022)
2023 180 195 175 185 182 20
2024 240 255 235 245 242 28
2025
1 2 1 2
(Peak) 310 325 300 310 305 3

Green curves (post-innov.) explode vs. orange (pre-), with
32% adoption peak (hatched area). Title: "Growth
Trajectories of Moroccan AgriTech Startups (Pre/Post-
Innovation)".

4.3 Cross-Validation

Morocco outperforms Peru baseline by 7% due to proximity
to Europe markets (Ringle et al., 2024).



5. Discussion and implications

Results validate H1-H3, extending Teece (2018) to AgriTech
(Elbahjaoui et al., 2023). Digital premium (32%) signals Al
urgency post-COVID (FAO, 2025). Theoretical: Refines
ambidexterity for startups (O'Reilly & Tushman, 2013).
Managerial: Prioritize incubators (e.g., Technopark Fés).
Policy: Allocate MAD 500M seed funds, skills academies
(Habibi, 2020; World Bank, 2024). Morocco as AgriTech hub
vs. Tunisia/Algeria.

6. Conclusions

Innovation catalyzes the "seed to scale" trajectory in
Moroccan AgriTech ecosystems, where digital vectors such as
Al-driven loT for precision irrigation and blockchain
traceability emerge dominant with a standardized coefficient
f=0.71 (p<0.001, R>=0.68 via PLS-SEM on n=120 Feés-
Mekneés startups), underscoring their pivotal role in elevating
ROA by 28% on average amid the Green Morocco Plan's
digital pivot; this study contributes an empirically robust
model bridging innovation inputs to organizational
performance, alongside a actionable policy blueprint
advocating 50 MDH annual subsidies for AgriTech incubators
and public-private Al hubs to propel scaling akin to Yola
Fresh's 7M$ raise; limitations encompass self-report bias
(mitigated by VIF<3.3), geographic Fés-centrism, and
predictive over causal inference; future avenues prioritize
longitudinal panel data (2026-2028, n=500), Al-enhanced
causal methods like RDD/DiD for pan-North African RCTSs,
and fintech-agri synergies to fortify sustainable resilience.

Appendices
Appendix A : Survey Questionnaire.
Nomenclatures

B: Standardized coefficient. ROA: Return on Assets. PLS-
SEM: Partial Least Squares SEM.
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