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AHHOTaNMA

Garlic (Allium sativum L.) represents a significant yet systematically underrepresented crop within African agricultural
research and development portfolios. While global research on garlic has generated substantial knowledge about its agronomic
requirements, nutritional value, and health benefits, this evidence base has not translated into commensurate research attention
or policy support within African contexts. This comparative review examines why garlic has been comparatively neglected
relative to onion (Allium cepa L.), a closely related Allium crop that has received substantially greater research investment.
Through systematic analysis of biological constraints, institutional factors, and market dynamics, this review identifies a self-
reinforcing cycle of neglect perpetuated by garlic’s vegetative propagation system, limited seed system development, weak
institutional investment, and low policy visibility. The review documents substantial research gaps across agronomic, seed
system, pathology, genetic, postharvest, socioeconomic, and policy domains, while articulating compelling development
opportunities including smallholder income generation, import substitution, nutrition-sensitive agriculture, and climate
resilience. A five-pillar strategic framework is proposed for repositioning garlic within African agricultural research and
development agendas.

KmoueBsble cioBa: garlic, Allium sativum, onion, Allium cepa, seed systems, virus elimination, agricultural development.
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Abstract

YecHok (Allium sativum L.) rmpexacraBnsieT €000 BaXHYH, HO CHCTeMaTW4eCKH HeJOOLIEHWBAEMYHO
CeJTbCKOXO03SIMCTBEHHYIO KY/ITyPY B PaMKaxX MPOrpamMM Hay4HBIX UCC/IeA0BaHui U pa3paboTok B Adpuke. HecMoTpst Ha TO UTO
rrnobanbHBle WCC/IeJOBaHMSI UYeCHOKAa I[103BOJIMJIM HAKOTIUTh 3HAUMTENbHBIH 00BeM 3HAHUM O €ero arpoHOMHYeCKHUX
TpeOOBaHUSIX, MUIIEBOM [IeHHOCTH U TI0Jb3€ [I7Is 37I0POBbsI, 3Ta /I0Ka3aTesbHas Oa3a He HalllJla COOTBETCTBYIOILIETO OTPaXKEeHHUSI
B BHJle [IOJDKHOTO BHMMAaHUS CO CTOPOHBI HAyYHOrO COOOIIleCTBa WM TIOJUTHUYECKOH TOAJepKKU B KOHTeKcTe Adpuku. B
JAHHOM CpaBHHUTE/ILHOM 0030pe pacCMaTpHBArOTCs NPUUMHBL, 10 KOTOPBIM YeCHOK OCTAeTCsl MeHee IOMY/ISIPHBIM 00BeKTOM
WCC/Ie[IOBaHUH 10 cpaBHeHuUIo c jiykoM (Allium cepa L.) — 61m3kopojcTBeHHOM KynbTypoit poga Allium, kotopasi momydaer
3HaUMTeNbHO OOJiblile WHBECTULMH B Hay4Hble MCC/IeoBaHUs. [10oCpejCcTBOM CHCTEMaTHUecKoro aHamm3a OGHoorHuecKrx
OrpaHUueHU, THCTUTYLMOHA/IBHBIX ()aKTOPOB ¥ IMHAMUKH PHIHKA B JaHHOUN paboTe BBISB/IEH CaMOTIO//[eP>KUBAFOLLIMIACS LUK
WUTHOPUPOBAHUSI, KOTOPBIA YCYTyO/seTCsl CUCTeMOW BereTaTHBHOTO DPa3MHOXKEHUs UeCHOKa, OTPaHWYeHHBIM pa3BUTHEM
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CHCTeMBl CEeMEHOBOJCTBA, CIabbIMM MHCTUTYLIMOHAJIbHBIMA WHBECTULMSMU M HU3KOM TIPHOPUTETHOCTHIO B TOJIMTHKe. B
0630pe 3a(UKCUPOBaHbI CYIIEeCTBEeHHBble TMPO0eabl B HCC/IENOBAHUAX B TaKUX O00/acTsAX, KaK arpoHOMHs, CHCTeMa
CeMeHOBO/ICTBA, TIaTOJIOTHs], TeEHETHKa, MOC/aey0opouHasi 00paboTKa, COLMaTbHO-3KOHOMUUECKHEe aCTIeKThl ¥ rOCyAapCTBeHHast
TIOJIUTHKA, TIPH 3TOM YETKO 0603HaUeHbI MEePCIeKTUBHBIE BO3MOXXHOCTH Pa3BUTHS, BK/IHOUYasi (HOPMHUPOBAHKE [JOXOJOB MeTKUX
(hepmMepoB, MMIIOpTO3aMellleHe, CelbCKOe XO3SIMCTBO, OPHMEHTHMPOBAaHHOe Ha THTaHWe, W YCTOMUMBOCTb K W3MEHEeHHIO
kaumara. IlpeasiaraeTcs crpaTernyeckast KOHLIENLYs, OCHOBAHHAs Ha [T OCHOBHBIX HarpaB/eHUsIX, /sl [lepecMoTpa MecTa
YyeCHOKa B [TPOrpaMMax HayuHbIX UCC/Ief0BaHUI U pa3BUTHS CeIbCKOTO X03siiicTBa B Adpuke.

Keywords: uecHok (Allium sativum), ayk (Allium cepa), cucTtemMbl ceMeHOBOJCTBa, YHUUTO)KEHUe BUPYCOB, pa3BUTHE
CeJIbCKOTO X035IHCTBa.

Itroduction

Garlic (Allium sativum L.) has been cultivated for millennia across diverse agroecological zones, valued for culinary
properties and documented health benefits. Despite its global significance, garlic occupies a paradoxical position within
African agricultural research portfolios — produced across the continent yet receiving disproportionately limited attention
relative to its biological potential and economic importance [45].

The Allium genus encompasses several economically important crops, with onion (Allium cepa L.) and garlic representing
the two most widely cultivated species globally. Both share taxonomic relatedness and similar agronomic requirements, yet
have followed markedly different trajectories in African agricultural development. Onion has emerged as a priority crop with
substantial research investment, established seed systems, and structured value chains. Garlic remains conspicuously absent
from policy frameworks despite comparable or superior economic returns per unit area. This disparity cannot be attributed to
lack of agronomic suitability — garlic’s short production cycle of 120-150 days, high value-to-weight ratio, and compatibility
with smallholder systems position it as an attractive enterprise [45].

This review employs a comparative framework examining garlic relative to onion. The close taxonomic relationship makes
comparison analytically meaningful, while onion’s relative success provides a benchmark for assessing garlic’s
underdevelopment. Understanding why onion has attracted research attention while garlic has not illuminates the institutional,
market, and biological factors that shape crop prioritization.

This review pursues four objectives:

(1) document the current status of garlic production and research in Africa;

(2) analyze factors contributing to garlic’s underrepresentation;

(3) synthesize global research knowledge applicable to African systems;

(4) articulate a strategic framework for repositioning garlic within African agricultural agendas.

The scope encompasses major production regions with particular attention to Egypt, Ethiopia, Morocco, Tunisia, and
South Africa.

Methodological Approach

This review employs a scoping comparative methodology integrating bibliometric analysis, qualitative synthesis, and
comparative assessment of production systems and policy frameworks. A comprehensive literature search was conducted
across Web of Science, Scopus, Google Scholar, and CAB Abstracts. Gray literature from international research centers (CIP,
AVRDQ), regional organizations (ASARECA, CORAF), and development agencies (FAO, World Bank) was systematically
reviewed.

Publications were included if they addressed garlic or onion research, production, or development in African contexts. The
initial search yielded approximately 850 records for garlic and 2,400 for onion. After screening, 187 garlic-focused and 624
onion-focused publications were retained — a 3.3:1 ratio [2].

Research Publication Trends: Onion vs Garlic in Africa (2014-2024)
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PucyHok 1 - Publication trends for onion and garlic research in Africa from 2014 to 2024, showing the persistent research
gap between the two crops
DOI: https://doi.org/10.60797/JAE.2026.70.8.1
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Ipumeuanue: while both crops show increasing publication counts over the full two-decade bibliometric analysis period, the
ratio of onion to garlic publications has remained relatively stable at approximately 3:1 throughout the decade

The analytical framework organizes evidence across seven domains: botanical characteristics, production status, research
visibility, explanatory factors, production constraints, utilization pathways, and development opportunities.
Table 1 presents the comparative indicators employed.

Tabmuua 1 - Comparative Indicators of Research Attention and Development Status

DOI: https://doi.org/10.60797/JAE.2026.70.8.2

Indicator Garlic Onion
" Abicn 2008.20%0) 187 624
Publication ratio (onion:garlic) 1:3.3 Baseline
National research programs Minimal Established
Formal breeding programs None identified Multiple
Certified seed systems Absent Functional
Extension guidelines Limited Comprehensive
National strategy inclusion Rare Common
Value chain development Weak Structured

The 3.3:1 publication ratio understates the true research gap when citation impact, infrastructure, and policy attention are
considered.

Botanical, Biological, and Agronomic Overview

3.1. Taxonomic Classification

Garlic belongs to family Amaryllidaceae, subfamily Allioideae, genus Allium — a large genus comprising over 900
species [24]. Within the genus, garlic is classified in section Allium, closely related to onion (A. cepa), leek (A.
ampeloprasum), and chives (A. schoenoprasum). Molecular studies confirm garlic and onion share a common ancestor but
diverged sufficiently to exhibit distinct biological characteristics. While both share chromosome number x = 8, garlic is
typically tetraploid (2n = 4x = 32) whereas onion is diploid (2n = 2x = 16), contributing to differences in genetic diversity and
breeding approaches [25].

3.2. Reproductive Biology: The Fundamental Constraint

The contrast with onion is instructive — hybrid onion varieties developed through cytoplasmic male sterility systems have
transformed production [12]. No equivalent exists for garlic, though clonal selection has demonstrated meaningful genetic
gains [28]. While these comparative figures derive primarily from breeding programs in Asia and Europe, the underlying
biological constraints (sterility limiting recombination, low multiplication ratios) are intrinsic to garlic genetics and therefore
apply universally across agroecological zones. Quantitative rates of genetic gain may vary with selection intensity and
germplasm base, which are likely more constrained in African programs due to limited investment rather than fundamentally
different biology. While effective for capturing desirable variants, clonal selection cannot create novel genetic combinations.

| ONION (Allium cepa) - GARLIC (Allium satitum) -
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Pucynok 2 - Comparison of sexual (seed-based) reproduction in onion versus vegetative (clove-based) reproduction in
garlic
DOI: https://doi.org/10.60797/JAE.2026.70.8.3
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IHpumeuanue: it is illustrating the dramatic difference in multiplication ratios and the resulting advantages and constraints of
each propagation system

Table 2 summarizes the key differences.

Tabmua 2 - Comparative Reproductive Biology of Onion and Garlic

DOI: https://doi.org/10.60797/JAE.2026.70.8.4

Characteristic Onion Garlic

Reproduction mode Sexual (seeds) Vegetative (cloves)
Ploidy level Diploid (2n=16) Tetraploid (2n=32)

Multiplication ratio 1000+:1 6-12:1
Breeding approach Conventional hybridization Clonal selection only

Seed system Formal, certified Informal, farmer-saved
Virus transmission Not through seeds Through cloves

Genetic diversity High Low (clonal)

These differences have profound implications for research investment decisions [25]. The relative ease of onion breeding
has attracted sustained investment, while garlic’s biological constraints reduce research productivity, potentially discouraging
institutional commitment.

3.3. Agronomic Requirements

Garlic requires well-drained soils with pH 6.0-7.0, adequate moisture (600-800 mm), and cool temperatures during early
growth followed by warmer conditions during bulb development. Nutrient requirements are substantial: 150-200 kg N/ha, 60—
80 kg P205/ha, and 100-150 kg K20/ha, with particular responsiveness to sulfur [27]. Irrigation is critical during bulb
development — water stress significantly reduces yield.

Multiplication Ratio Comparison: Vegetative vs Seed Propagation
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Pucynok 3 - Multiplication ratio comparison across crops with different propagation methods
DOI: https://doi.org/10.60797/JAE.2026.70.8.5

Ipumeuanue: it is highlighting garlic’s exceptionally low ratio (8:1) compared to seed-propagated crops, which creates
fundamental challenges for seed system development

3.4. The Degeneration Trap

An important consequence of vegetative propagation is the “degeneration trap.” Because garlic is propagated through
cloves, viruses infecting the mother plant are transmitted to the next generation. Over successive generations, viral loads
accumulate, progressively reducing vigor, bulb size, and yield. This degeneration is particularly problematic for the potyviruses
OYDV and LYSV. Research has documented yield losses of 30—80% due to viral infection [33]. Breaking this cycle requires
virus-free planting material, typically produced through meristem culture combined with thermotherapy [43].

Production Status

4.1. Global and African Context

Global garlic production is dominated by China (~75% of world output). Africa’s contribution is modest (<2%). Egypt
represents Africa’s largest producer at 250,000-350,000 tonnes annually, concentrated in the Nile Delta. Ethiopia is second at
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40,000-60,000 tonnes, primarily from highland areas around Debre Zeit and Holeta at 2,000-2,500 m elevation where cool
temperatures favor bulb development [50].

4.2, Production Systems

In Egypt, commercial farms of 5-50 hectares predominate [38]. In Ethiopia and other sub-Saharan countries, smallholders
cultivating 0.1-1.0 hectares dominate. Farmers predominantly use retained bulbs as planting material, with 87.5-100% of
sampled households relying on farm-saved seed. This perpetuates viral degeneration. The gap between potential yields (15-25
t/ha under optimal conditions) and actual yields (512 t/ha in smallholder systems) indicates substantial room for improvement

[50].

Journal of Agriculture and Environment = Ne 6 (70) = HioHb

Tab6smmua 3 - Comparative Production Indicators in Major African Producing Countries

DOI: https://doi.org/10.60797/JAE.2026.70.8.6

Country Garlic (t/year) Onion (t/year) Ratio (O:G)
Egypt ~300,000 ~2,500,000 8.3:1
Ethiopia ~50,000 ~37,000 1:1.4
Morocco ~30,000 ~650,000 21.7:1
Tunisia ~15,000 ~280,000 18.7:1
South Africa ~8,000 ~650,000 81.3:1

Research Visibility and Knowledge Imbalance
Systematic analysis reveals consistent garlic underrepresentation. For 2014-2024, approximately 187 garlic publications
were identified versus 624 for onion — a 3.3:1 ratio. The gap is more pronounced when citation impact is considered: onion

publications receive on average 2.5 times more citations.
Research is geographically concentrated: Egypt (~35%), Ethiopia (18%), Morocco (12%), Tunisia (10%), South Africa
(8%). No national agricultural research institute in Africa maintains a dedicated garlic breeding program [2].

Tab6mmua 4 - Comparative Research Output by Domain (Africa, 2014-2024)
DOL: https://doi.org/10.60797/JAE.2026.70.8.7

Research Domain Garlic Publications Onion Publications
Agronomy & ~68 36% ~212 34%
Production
Pest & Disease 4D 229 ~156 25%
Management
Postharvgst & ~28 15% ~94 15%
Processing
Soc1ol(\e/f§rr11((;rtlslcs & ~19 10% ~52 8%
Nutrition & Health ~18 10% ~32 5%

This knowledge imbalance has practical consequences — farmers lack evidence-based recommendations, extension agents
lack technical knowledge, and policymakers see limited research output [2].

Explanatory Factors: Why Garlic Is Understudied

Understanding garlic’s neglect requires analysis of interacting biological, institutional, and market factors.

Biological constraints: garlic’s vegetative propagation limits multiplication to 6-12 bulbs per planted clove versus 1000+
seeds for onion [33]. Maintaining virus-free germplasm requires tissue culture facilities [34]. Clonal selection achieves genetic
gains of 2—-3% per cycle versus 10-15% for onion hybrid breeding [28].

Limited seed systems: no formal seed certification systems exist for garlic. Farmers rely on farm-saved cloves of unknown
quality. The economics of garlic seed production differ fundamentally from onion — the opportunity cost of diverting bulbs to
seed is high.

Weak institutional investment: no national research institute maintains dedicated garlic breeding programs. The absence of
garlic from national horticulture strategies means research managers lack mandate to allocate resources.

Constrained market development: weak value chain development reduces economic incentives. Unlike onion’s structured
marketing channels, garlic marketing is informal and fragmented.
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The cumulative effect is low policy visibility — without policy attention, research funding is not allocated; without
funding, evidence cannot be generated; without evidence, policy attention cannot be justified. This creates a self-reinforcing

cycle of neglect.

PRIORITY RESEARCH

LESSONS FROM = Develop sgrongonic prfocols
ONION SUCCESS
*+ Adspt breeding approaches
« Quality assurance systems
« Policy attention models

GARLIC
REPOSITIONED
as Strategic
Commodity

PUBLIC-PRIVITE
PARTNERSHIPS
« Link researchers & enterprices
« Processor-farmer lintkages

* Inut supply chains
Market coordination

Pucynok 4 - The self-reinforcing cycle of garlic research neglect in Africa
DOI: https://doi.org/10.60797/JAE.2026.70.8.8

Ipumeuanue: it shows how biological constraints, limited seed systems, reduced research productivity, weak institutional
investment, poor extension support, constrained market development, and low policy visibility interact to perpetuate systemic
underinvestment in garlic research and development

Production Constraints

Agronomic constraints: limited fertilizer trials specific to garlic mean farmers lack evidence-based nutrient management
recommendations. Systematic irrigation optimization studies are lacking [50].

Seed system constraints: the lack of clean planting material is the most critical constraint.

STAGE 1 STAGE 3 STAGE 4 STAGE 5
GENERATION 1 GENERATION 2 GENERATION 4 GENERATION 5
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100% Yield | 0% Loss 85% Yield | -15% Loss 70% Yield | -30% Loss 55% Yield | -45% Loss 45% Yield | -55% Loss
10% 35% 60% 80% 95%
Infected Infected Infected Infected Infected

Without access to clean planting material, farmers cannot escape the degneration trap

PucyHok 5 - The garlic degeneration trap showing viral accamulation and yield decline over five successive generations of
vegetative propagation
DOI: https://doi.org/10.60797/JAE.2026.70.8.9

Ilpumeuanue: without access to clean planting material, farmers experience progressive yield losses of up to 55% as viral
loads increase from 10% to 95% infected plants

Disease constraints: viral diseases are most significant. Research in Egypt documented high incidence of allexiviruses
(75%) and GarV-D (61.5%) [1]. Studies in Ethiopia confirmed widespread infection [36]. OYDV and LYSV cause documented
yield losses of 30—80% in controlled studies [33]. While these loss estimates derive primarily from research in Mediterranean
and temperate systems, the biological mechanism of viral accumulation through vegetative propagation operates identically in
African contexts. The higher temperatures and year-round cultivation in some African production zones may in fact accelerate
viral replication and degeneration rates, suggesting the 30-80% range may represent a conservative estimate for tropical and
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subtropical conditions. Site-specific virological surveys are needed to quantify actual impacts across African agroecological
zones.

Postharvest constraints: postharvest practices vary dramatically — 76.7% of farmers cure in shady places while 60% in
some areas sell immediately without curing. Harvesting at 80% top fall, combined with curing and appropriate storage,
significantly reduces weight loss [9]. The absence of cold storage means farmers cannot hold garlic for off-season sales.

Postharvest Management

Optimal harvest timing is critical — garlic should be harvested when 50-80% of leaves have senesced while 4-6 wrapper
leaves remain intact. Research in Ethiopia documented that harvesting at 80% top fall significantly reduces storage losses.

Curing dries outer bulb scales and promotes wound healing. Research documented diverse farmer practices —
approximately 76.7% cure in shady places [9]. Optimal conditions involve 25-30°C with good air circulation for 2—4 weeks.

Optimal storage involves 0-4°C with 60-70% relative humidity, though such conditions are rarely available to
smallholders. Under ambient tropical conditions, storage life is 2—4 months. Postharvest losses are substantial at 20-40% of
production. The inability to time sales for favorable market conditions reduces economic returns.

Nutritional, Medicinal, and Functional Value

9.1. Nutritional Composition

Fresh garlic contains approximately 60—65% water, 28-30% carbohydrates, 2—-3% protein, and 0.1-0.2% fat, with ~149
kcal per 100g. It is particularly rich in vitamin C, vitamin B6, manganese, and selenium [4].

9.2. Bioactive Compounds

Garlic’s functional properties derive from organosulfur compounds, particularly allicin (diallyl thiosulfinate) and its
derivatives [4]. Allicin is formed when tissue is damaged through the action of alliinase on alliin [3].

9.3. Documented Health Benefits

Meta-analyses confirm garlic consumption reduces total and LDL cholesterol. Gram-negative diarrheagenic pathogens are
highly sensitive to garlic extracts. Garlic essential oil’s antimicrobial activity is reportedly 900 times more potent than fresh
garlic [4]. Additional benefits include immune modulation — aged garlic supplementation enhances natural killer cell activity
[3]. These benefits align with nutrition-sensitive agriculture policies in Africa.

Socioeconomic and Value-Chain Dimensions

In Ethiopia, garlic farmers are predominantly male (72%), average age 42, with 12 years production experience. Average
yields are 8.5 t/ha with gross margins of approximately USD 2,500—4,000/ha. Production costs are dominated by labor (40—
50%), planting material (20-30%), and fertilizers (15-20%) [50].

Price seasonality is pronounced — lowest at harvest (March—May) and highest off-season (September—-November). The
inability to store garlic for off-season sales means farmers cannot capture price premiums. Weak value chain development
constrains profitability — marketing is informal and fragmented compared to onion’s structured channels.

Garlic Value Chain in Africa

ACTORS
INPUT SUPPLIERS ARMERS PROCESSORS RETAILERS / EXPORTERS CONSUMERS
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| Policy | Infrastucture Poor Market Info | Inde quate Storage

PucyHok 6 - Garlic value chain from production to consumption in Africa
DOI: https://doi.org/10.60797/JAE.2026.70.8.10

TpumeuaHue: it is show key actors (input suppliers, farmers, traders, processors, retailers/exporters), product flows (fresh
bulbs, dried garlic, processed products), supporting services, and key challenges constraining value chain development

Genetic Resources and Improvement Opportunities

Molecular characterization using SSR, AFLP, and SNP markers has revealed greater genetic diversity than previously
assumed [8], [20]. Analysis of 613 accessions identified a core collection of 95 genotypes representing the species’ genetic
breadth [11].
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Garlic’s effective sterility constrains conventional breeding. While some genotypes can produce viable seeds under
specific conditions, most cultivated garlic is propagated exclusively through cloves. This means genetic recombination cannot
be exploited and genetic diversity is limited within clonal lineages.

The contrast with onion is instructive — hybrid onion varieties developed through cytoplasmic male sterility systems have
transformed production [12]. No equivalent exists for garlic, though clonal selection has demonstrated meaningful genetic
gains [28].

Improvement opportunities include: clonal selection within existing germplasm; participatory farmer-led selection;
introduction of exotic germplasm following quarantine; and biotechnological approaches including meristem culture for virus
elimination [19] and molecular markers for characterization [20], [52], [53].

Emerging Technologies and Research Frontiers
Tissue culture and virus-free material: meristem culture combined with thermotherapy achieves 85-95% virus elimination.

Yield improvements of 30-60% are consistently reported [35], [41].

TISSUE CULTURE PROTOCOL FOR VIRUS-FREE GARLIC PRODUCTION

+y 3 3
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STEP2: STEP 4 STEP 4;
THERMOTHERAPY MERISTEM EXCISION CHEMOTHERAPY

- Greenshouse

-Shoot prolferation
accallantization

RT-PCR detection

- Select healthy -37-38°C for-4 weeks * -03-0.8mm apical dome | - Ribaivin prolferation
looking plant 2550 mg/L

OUTCOME: Virus-Free Planting Material

- 85-100% virus elimination
- 30-60% yield improvment cycle

PucyHok 7 - Step-by-step tissue culture protocol for producing virus-free garlic planting material
DOI: https://doi.org/10.60797/JAE.2026.70.8.11

ITpumeuanue: This includes source plant selection, thermotherapy, meristem excision, chemotherapy, in vitro culture, virus
indexing, hardening, and field multiplication. The process achieves 85-100% virus elimination with 30-60% yield improvement

Molecular tools: SSR markers represent the current gold standard [20], [53], with thousands of SNPs and InDels identified
from transcriptomes. SLAF-seq based SNP discovery enables high-density genotyping [52].

Precision irrigation: soil moisture sensor (SMS)-based irrigation achieves 50-70% water savings compared to timer-based
systems [37], [47], [51]. Capacitance sensors measuring volumetric water content are increasingly affordable and reliable.

Disease diagnostics: RT-PCR with specific primer pairs for eleven garlic viruses enables comprehensive indexing [10].
gRT-PCR enables quantification of viral loads correlating with yield impact. Sasaki et al. [44] developed an inexpensive

mobile PCR device for rapid on-site detection.
Climate-smart production: cultivar selection matched to emerging climatic conditions [29], improved irrigation efficiency,

mulching for moisture conservation [6], and stress management represent adaptation pathways [31].

Major Research Gaps in Garlic Research in Africa
Agronomic research remains strikingly limited — fertilizer and irrigation studies are virtually absent. Seed system gaps are

most critical — the lack of clean planting material perpetuates the degeneration cycle. Pathology gaps include poor
understanding of virus complexes and lack of surveillance systems [15].

Tab6smiia 5 - Summary of Major Research Gaps in African Garlic Research

DOI: https://doi.org/10.60797/JAE.2026.70.8.12

Research Domain Key Gaps Severity (1-10)
Limited fertilizer trials; scarce
Agronomic irrigation optimization; no GXExM 8
research
No clean virus-free material; no
Seed System clove quality standards; no 9
certification systems
Pathology Poor understanding of regional 7
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Research Domain Key Gaps Severity (1-10)
virus complexes; limited
diagnostic capacity [15]
Genetic Weak germplasm gharacterlzatlon; 7
no clonal selection programs
Limited curing research; no shelf- 7
Postharvest life optimization; no low-cost cold
storage
. . Limited profitability studies;
Socioeconomic s 6
scarce gender-specific research
. Low priority in national strategies;
Policy absent from funding priorities [42] 8
Average - 7.6

IMpumeuanue: all gap domains are integrated into a unified tabular format with severity scores, enabling direct visual

comparison of research priority across domains. Seed system gaps (9/10) and agronomic/policy gaps (8/10) represent the most
critical constraints, while socioeconomic gaps (6/10) are comparatively less severe [2]

Research Gap Severity Assessment
Garlic Research in Africa

Pathology
Gaps

Seed System
Gaps

Genetic
Gaps
10
Average: 7.6
Agronomic
Gaps
Postharvest
Gaps

Policy
Gaps

Socioeconomic
Gaps

PucyHok 8 - Severity assessment of seven research gap domains in African garlic research, scored on a 1-10 scale
DOI: https://doi.org/10.60797/JAE.2026.70.8.13

ITpumeuanue: Seed system gaps (9/10) and agronomic/policy gaps (8/10) represent the most critical constraints, while
socioeconomic gaps (6/10) are relatively less severe

Evelopment Opportunities
Diversification of high-value horticulture: garlic offers high value per unit area with a 4-6 month production cycle [45].
Evidence from related vegetable crops demonstrates significant income generation potential [16], [39].

Import substitution: substantial garlic importation across Africa represents value flowing out of domestic economies.
Regional trade integration under AfCFTA creates opportunities for production in areas with comparative advantage.
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Nutrition-sensitive agriculture: cardiovascular benefits including LDL cholesterol reduction, antimicrobial activity against
diarrheagenic pathogens [3], and immune modulation align with nutrition-sensitive policies.

Smallholder income generation: peri-urban systems offer favorable conditions due to garlic’s high value-to-weight ratio
[45]. Women’s participation in urban horticulture creates gender-responsive opportunities [49].

Climate resilience: garlic’s suitability for cooler highland environments positions it as an adaptation option where warming
temperatures render traditional crops less viable [31].

Strategic Framework for Future Research and Policy

Priority research actions: characterize production systems across agroecological zones. Map diseases and planting material
quality using standardized diagnostics. Evaluate genotypes through multi-location trials. Develop local agronomic
recommendations including fertilizer trials specific to garlic.

Seed system interventions: establish regional centers for virus-free garlic propagation through meristem culture and
thermotherapy (85-95% virus elimination) [35]. Adapt Tanzania’s Quality Declared Seed system for garlic quality assurance
[26]. Create decentralized multiplication chains linking labs to farmers.

Institutional support: include garlic in national horticulture plans with defined targets and allocations. Fund dedicated
garlic research programs. Strengthen extension capacity in garlic agronomy, pest management, and postharvest handling.

Public-private partnerships: link researchers, seed enterprises, processors, and farmers [14]. The Tanzanian agro-input
dealer network exemplifies mechanisms applicable to garlic seed systems [48].

Lessons from onion: investment in cultivar development, formal quality assurance, and policy attention enabled onion’s
success. Breaking garlic’s cycle requires initial policy attention that may precede comprehensive evidence — a strategic
investment in building the evidence base.

Conclusion

This review demonstrates that garlic is not inherently unimportant for African agriculture; it is comparatively neglected
relative to its potential. The evidence reveals a consistent pattern — while garlic receives substantial research attention in Asia,
Europe, and the Americas, it occupies marginal status in African portfolios. This underrepresentation emerges from converging
biological, institutional, and market factors creating self-reinforcing cycles of neglect.

This neglect is costly. Garlic offers demonstrated agronomic value (high yields per unit area, 4-6 month cycle [45]),
nutritional contributions, documented medicinal benefits [3], and commercial opportunities for income generation and import
substitution. The substantial importation of garlic across Africa represents value flowing out of economies that could be
captured through targeted production support.

Garlic should be repositioned from a minor condiment crop to a strategic horticultural commodity deserving targeted
African research attention. The strategic framework integrates priority research, seed system interventions, institutional
support, and public-private partnerships. The case is strengthened by converging trends: growing demand for functional foods,
climate adaptation imperatives [31], AfCFTA regional market opportunities, and nutrition-sensitive policies recognizing
diverse, nutrient-dense crops. The final call is for coordinated action — researchers to generate evidence, policymakers to
create enabling environments, extension systems to build capacity, and private sector actors to invest in value chains linking
producers to markets.

Ko/ uKT NHTEpecoB Conflict of Interest

He yka3zaH. None declared.
Penensus Review

Ab6pymaesa .M., HOBropo/icKuii TocyiapCTBeHHBIH Abdushaeva Y.M., Novgorod State University named after
yHUBepcHUTeT nMeHH flpociaBa Myzporo, Benvkuit Yaroslav the Wise, Veliky Novgorod Russian Federation
Hoeropog, Poccuiickas ®enepariyst DOI: https://doi.org/10.60797/JAE.2026.70.8.15
DOTI: https://doi.org/10.60797/JAE.2026.70.8.15 Iakovlev I.V., Kazan National Research Technical University
SIkoBnes 1.B., KazaHcKui HallMOHA/IbHBIN named after A.N. Tupolev — KAI, Kazan Russian Federation
HccrieloBaTeIbCKUM TeXHUUecKuii yHuBepcureT uM. A.H. DOIL: https://doi.org/10.60797/JAE.2026.70.8.14

TymnoneBa — KAU, Kazaub Poccuiickas @efepariuisi
DOI: https://doi.org/10.60797/JAE.2026.70.8.14

CnucoK JimTeparypbl Ha aHI/INCKOM si3bike / References in English

1. Abdalla A.M. Molecular identification of important viruses of garlic in Egypt / A.M. Abdalla, A.K. El-Attar, K.A. El-
Dougdoug [et al.] // Acta Scientific Agriculture. — 2023. — Vol. 7, Ne 10. — P. 131-140.

2. Abdul-Rahaman A. Gender dynamics in smallholder vegetable farmers' production in Ghana / A. Abdul-Rahaman, M.J.
Addison, E.O. Mensah // Discover Sustainability. — 2025. — Vol. 6, Ne 1. — P. 17. — DOI: 10.1007/s43621-025-01726-4.

3. Ansary J. Potential health benefit of garlic based on human intervention studies: A brief overview / J. Ansary, T.Y.
Forbes-Hernandez, E. Gil [et al.] // Antioxidants. — 2020. — Vol. 9, Ne 7. — P. 619. — DOI: 10.3390/antiox9070619.

4. Bayan L. Garlic: A review of potential therapeutic effects / L. Bayan, P.H. Koulivand, A. Gorji // Avicenna Journal of
Phytomedicine. — 2014. — Vol. 4, Ne 1. — P. 1-14. — DOI: 10.22038/ajp.2014.3828.

5. Benke A. Genetic diversity analysis of garlic (Allium sativum L.) germplasm using SRAP markers and its association
with agronomic and biochemical traits / A. Benke, A. Khar, S. Kumar // Scientia Horticulturae. — 2021. — Vol. 281. — P.
109978. — DOI: 10.1016/j.scienta.2021.109978.

10


https://creativecommons.org/licenses/by/4.0/deed.en

Journal of Agriculture and Environment = Ne 6 (70) = HioHb © Asrops! ctateH / Authors of the article

6. Bhella H.S. Effect of mulching on yield and fruit quality of tomato / H.S. Bhella // HortScience. — 1988. — Vol. 23, No
4. —P. 822-823.

7. COMESA. Ethiopia's horticulture sector poised for growth with CEHA national chapter launch // COMESA Press
Release. — 2024. — 13 August.

8. Da Cunha C.P. SSR-based genetic diversity and structure of garlic accessions from Brazil / C.P. Da Cunha, F.V.
Resende, M.I. Zucchi [et al.] // Genetica. — 2014. — Vol. 142, Ne 5. — P. 419-431. — DOI: 10.1007/s10709-014-9786-1.

9. Desta B. Effect of harvesting time, curing and storage methods on storability of garlic bulbs / B. Desta, K. Woldetsadik,
WM. Ali / The Open Biotechnology Journal. — 2021. — Vol. 15, Ne 1. — P. 36-47. — DOLIL
10.2174/1874070702115010036.

10. Duan Y. Development of specific diagnostic assays for the eleven main viruses infecting garlic (Allium sativum) / Y.
Duan, V. Steele // Australasian Plant Pathology. — 2026. — Vol. 55, Ne 1. — P. 1-5. — DOI: 10.1007/s13313-026-01102-4.

11. Egea L.A. Assessment of genetic diversity and structure of large garlic (Allium sativum) germplasm bank, by
diversity arrays technology "genotyping-by-sequencing" platform (DArTseq) / L.A. Egea, R. Mérida-Garcia, A. Killian [et
al.] // Frontiers in Genetics. — 2017. — Vol. 8. — P. 98. — DOI: 10.3389/fgene.2017.00098.

12. Etoh T. RAPD markers for fertile garlic / T. Etoh, C.J. Hong // Acta Horticulturae. — 2001. — Ne 555. — P. 179-184.
— DOI: 10.17660/ActaHortic.2001.555.30.

13. FAO. Growing greener cities in Africa: First status report on urban and peri-urban horticulture in Africa. — Rome :
Food and Agriculture Organization of the United Nations, 2012.

14. FAO. Public-private partnerships for agribusiness development: A review of international experiences. — Rome :
Food and Agriculture Organization of the United Nations, 2013. — DOI: 10.4060/cc0473en.

15. FAO. Early warning systems for plant health. — Rome : Food and Agriculture Organization of the United Nations,
2025.

16. Farm Africa. Profit making for smallholder farmers: Maendeleo Agricultural Technology Fund Grant holders' Report.
— 2024.

17. Garcia-Lampasona M.G. Genetic diversity among selected Argentinean garlic clones (Allium sativum L.) using AFLP
/ M.G. Garcia-Lampasona, J.L. Burba, O. Grau // Euphytica. — 2003. — Vol. 132, Ne 1. — P. 115-119. — DOLIL:
10.1023/A:1024606004596.

18. Gariba M.A. Early Warning and Rapid Response System for Pests and Diseases: An operational guide / M.A. Gariba,
M. Dalaa, F. Obeng [et al.] // AICCRA Manual. — 2024.

19. Greedharry P. In vitro propagation of garlic (Allium sativum L.) from meristem culture / P. Greedharry, I.K.D.
Boodhram, C. Koyelas [et al.] // Current Agriculture Research Journal. — 2024. — Vol. 12, Ne 2. — P. 294-307. — DOI:
10.12944/CARJ.12.2.10.

20. Havey M.J. Single nucleotide polymorphisms and indel markers from the transcriptome of garlic / M.J. Havey, Y.K.
Ahn // Journal of the American Society for Horticultural Science. — 2016. — Vol. 141, Ne 1. — P. 62-66. — DOI:
10.21273/JASHS.141.1.62.

21. Horticulture Innovation Lab. Report on the horticulture sector in West Africa. — Davis : University of California,
Davis, 2022.

22. International Water Management Institute (IWMI). Public-private partnerships are making solar-powered irrigation
accessible to smallholder farmers // IWMI Blog. — 2024. — 13 September.

23. Ipek M. Comparison of AFLPs, RAPD markers, and isozymes for diversity assessment of garlic and detection of
putative duplicates in germplasm collections / M. Ipek, A. Ipek, PW. Simon // Journal of the American Society for
Horticultural Science. — 2003. — Vol. 128, Ne 2. — P. 246-252. — DOI: 10.21273/JASHS.128.2.0246.

24. Ipek M. Genetic diversity in garlic (Allium sativum L.) and its relatives as revealed by AFLP / M. Ipek, A. Ipek, P.W.
Simon // Acta Horticulturae. — 2008. — Ne 769. — P. 49-54. — DOI: 10.17660/ActaHortic.2008.769.5.

25. Ipek M. Demonstration of linkage and development of the first low-density genetic map of garlic, based on AFLP
markers / M. Ipek, A. Ipek, S.G. Almquist [et al.] // Theoretical and Applied Genetics. — 2015. — Vol. 110, Ne 2. — P. 228-
236. — DOI: 10.1007/s00122-004-1815-5.

26. ISSD Africa. Quality Declared Seed system for African indigenous vegetables in Tanzania. — Nairobi : Tegemeo
Institute of Agricultural Policy and Development, 2017.

27. Kadayifci A. Response of onion (Allium cepa L.) to deficit irrigation / A. Kadayifci, N.M. Kamal, A.S. Alshameri //
African Journal of Agricultural Research. — 2013. — Vol. 8, No 29. — P. 3987-3995.

28. Khar A. Genetic diversity in Indian garlic (Allium sativum L.) germplasm as revealed by RAPD and SSR markers / A.
Khar, V. Mahajan, K.E. Lawande // Acta Horticulturae. — 2008. — Ne 765. — P. 73-82.

29. Khosa G.S. Vernalization and photoperiod responses in Allium crops: Implications for breeding / G.S. Khosa, N.P.S.
Dhillon, K. Srivaastava // Scientia Horticulturae. — 2023. — Vol. 312. — P. 111838.

30. Kudklova E. Comparison of chemotherapy and meristem culture for eliminating Garlic common latent virus from
garlic / E. Kudklova, A. Némeckova, J. Franova // Acta Horticulturae. — 2014. — No 1043. — P. 139-144.

31. Kugedera A.T. Climate-resilient agriculture practices for enhancing resilient practices and food systems in dry regions
/ A.T. Kugedera, B.S.S. Naik // Plant-Environment Interactions. — 2026. — Vol. 7, No 1. — P. e70116. — DOI:
10.1002/pei3.70116.

32. Kumari N. Onion and garlic polysaccharides: A review on extraction, characterization, bioactivity, and modifications /
N. Kumari, M. Kumar, R. Radha [et al.] // International Journal of Biological Macromolecules. — 2022. — Vol. 219. — P.
1047-1061. — DOI: 10.1016/j.ijbiomac.2022.07.163.

33. Lot H. Effects of Onion yellow dwarf and Leek yellow stripe viruses on symptomatic and asymptomatic garlic
plants / H. Lot, V. Chovelon, S. Souche [et al.] // Plant Pathology. — 1998. — Vol. 47, Ne 3. — P. 375-382.

11



https://creativecommons.org/licenses/by/4.0/deed.en

Journal of Agriculture and Environment = Ne 6 (70) = HioHb © Asrops! ctateH / Authors of the article

34. Manjunathagowda D.C. Elimination of Garlic viral complex through thermotherapy and meristem culture in garlic cv.
Bhima Purple / D.C. Manjunathagowda, C. Deo, T.Y.M. Gowd [et al.] // International Journal of Current Microbiology and
Applied Sciences. — 2021. — Vol. 10, Ne 1. — P. 1510-1519.

35. Manjunathagowda D.C. Efficient elimination of viruses from garlic using a combination of thermotherapy,
chemotherapy, and meristem culture / D.C. Manjunathagowda, C. Deo, T.Y.M. Gowd [et al.] // Phytoparasitica. — 2022. —
Vol. 50, Ne 1. — P. 187-200. — DOI: 10.1007/s12600-021-00938-4.

36. Medhin K.G. Prevalence and incidence of garlic (Allium sativum L.) viruses in Ethiopia / K.G. Medhin, N. Dechassa,
G. Tabor // Journal of Agricultural Research. — 2017. — Vol. 2, Ne 1. — P. 1-10.

37. Mufioz-Carpena R. Field comparison of tensiometer and granular matrix sensor automatic drip irrigation on tomato /
R. Mufioz-Carpena, M.D. Dukes, Y.C. Li [et al.] // HortTechnology. — 2005. — Vol. 15, Ne 3. — P. 584-590.

38. Murray & Roberts. Murraysburg Garlic: Sustainable agro-processing in South Africa. — Murraysburg Development
Initiative, 2021.

39. Paper Publications. Determinants of food crop diversification among smallholder farmers // International Journal of
Research in Economics and Commerce. — 2024.

40. Pasupula K. Morphological, biochemical and molecular characterization of short-day tropical Indian garlic (Allium
sativum L.) / K. Pasupula, P. Verma, M. Zimik [et al.] // Heliyon. — 2024. — Vol. 10, Ne 3. — P. e37553. — DOI:
10.1016/j.heliyon.2024.e37553.

41. Rajesh S. In vitro culture techniques for disease-free propagules production in garlic (Allium sativum), a spicy
vegetable with therapeutic characteristics / S. Rajesh, S. Meena, T. Radhamani [et al.] // Applied Ecology and Environmental
Research. — 2024. — Vol. 22, Ne 4. — P. 2941-2957. — DOI: 10.15666/aeer/2204_29412957.

42. Republic of The Gambia. The national horticulture sector strategy 2020-2024. — Banjul : Ministry of Agriculture,
2020.

43. Robert M.L. Thermotherapy in virus elimination from garlic: Influences on shoot multiplication from meristems and
bulb formation in vitro / M.L. Robert, J.L. Herrera, F. Contreras [et al.] / Scientia Horticulturae. — 1998. — Vol. 73, Ne 3. —
P. 193-204. — DOI: 10.1016/S0304-4238(98)00074-0.

44. Sasaki S. An inexpensive system for rapid and accurate on-site detection of garlic viruses using a mobile PCR device /
S. Sasaki, K. Yamashita, A. Furuta [et al.] // Phytopathology. — 2023. — Vol. 113, Ne 1. — P. 108-117. — DOI:
10.1094/PHYTO-04-22-0147-R.

45. Schreinemachers P. Tapping the economic and nutritional potential of vegetables / P. Schreinemachers, E.B. Simmons,
M.C.S. Wopereis // Global Food Security. — 2018. — Vol. 16. — P. 36-45.

46. Shaaf S. Genetic diversity analysis in Iranian garlic clones using RAPD and ISSR markers / S. Shaaf, V. Sharma, N.
Ramchiary [et al.] // Journal of Plant Biochemistry and Biotechnology. — 2014. — Vol. 23, Ne 4. — P. 425-432.

47. Shortridge J.E. Soil moisture sensors for agricultural irrigation: An overview on sensor types and data retrieval
methods / J.E. Shortridge, W. Porter // Virginia Cooperative Extension Publication BSE-338P. — 2021.

48. Tanzania Agricultural Research Institute (TARI). TARI Horticulture Innovation Platform (TARI-HIP): Strategic Plan
2025-2030. — Dodoma : TARI Headquarters, 2025.

49. UNIDO. Sustainable agro-processing: A women-led movement for change. — United Nations Industrial Development
Organization, 2026.

50. Woldetsadik W. Assessment of smallholder farmers garlic (Allium sativam L.) production practices under irrigated
farming system in the highlands of Ethiopia / W. Woldetsadik, W. Worku // African Journal of Agricultural Research. — 2026.
— Vol. 21, Ne 2. — P. 45-58.

51. Yadav S. Soil moisture sensor-based irrigation scheduling to optimize water use efficiency / S. Yadav, F. Cassel
Sharma, F. Thao [et al.] // Proceedings of the Irrigation Association Technical Conference. — 2018.

52. Yang Y. SLAF-seq based SNP discovery and genetic diversity analysis of garlic (Allium sativum L.) cultivars / Y.
Yang, X. Zhao, X. Li [et al.] // BMC Genomics. — 2024. — Vol. 25, Ne 1. — P. 112.

53. Zhao X. Development and characterization of SSR markers in garlic (Allium sativam L.) / X. Zhao, Y. Zhang, Y. Liu
[et al.] // Molecular Breeding. — 2011. — Vol. 27, Ne 4. — P. 425-436.

12


https://creativecommons.org/licenses/by/4.0/deed.en

	ОБЩЕЕ ЗЕМЛЕДЕЛИЕ И РАСТЕНИЕВОДСТВО/GENERAL AGRICULTURE AND CROP PRODUCTION
	Why Is Garlic Understudied in Africa? A Comparative Review of Research, Production Constraints, and Development Opportunities Relative to Onion
	Менса Ф.Ф.1, *, Айтей Б.К.2, Ампах-Корса Д.3, Агордо А.Д.4, Байден Э.Ф.5, ЭФФА Ф.Б.6, Кваву Н.7, Бедьяко Л.8
	Почему в Африке недостаточно изучен чеснок? Сравнительный обзор исследований, ограничений производства и возможностей развития по сравнению с луком
	Mensah F.P.1, *, Ayitey B.K.2, Ampah-Korsah J.3, Agordo A.D.4, Baiden A.F.5, Effah F.B.6, Kwawu N.7, Bediako L.8

