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Date palm (Phoenix dactylifera L.) is well adapted to arid environments, yet commercial
productivity depends on coordinated management rather than stress tolerance alone.
This concise technical review integrates evidence on propagation, orchard establishment,
root-zone preparation, irrigation and salinity control, fertigation, nutrient management, and
plant-health protection. Commercial orchards should rely on true-to-type offshoots or quality-
assured tissue-culture plants; seed propagation is mainly appropriate for breeding and genetic
studies. Successful establishment requires suitable soil and water assessment, careful
handling of the root system, well-drained planting zones, and irrigation matched to the
limited root volume of young palms. In bearing orchards, drip-based irrigation and fertigation
can improve control of water and nutrient delivery, while salinity management must be based
on water quality, soil electrical conductivity, drainage and leaching requirements. Nutrient
programmes should combine soil and leaf diagnosis with split mineral inputs and organic
amendments rather than fixed blanket rates. Integrated surveillance for red palm weevil and
fungal diseases, supported by remote sensing and sensor-based tools where practical, can
improve early intervention. The review emphasizes site-specific decision-making, monitoring
and integration across management components to improve water productivity, nutrient-use
efficiency, orchard longevity and fruit quality.

Keywords: Date palm; offshoots; tissue culture; orchard establishment; drip irrigation;
salinity; fertigation; nutrient management; red palm weevil; precision agriculture.

Introduction

Date palm is a foundational fruit crop of arid and semi-arid agriculture. Its long productive
life and capacity to tolerate heat, drought and moderate salinity make it well suited to desert
production systems, but these adaptations do not eliminate the need for adequate irrigation,
drainage and salinity control. Establishment decisions are particularly important because poor
planting material, restricted rooting, chronic salt accumulation or unsuitable irrigation design
can reduce performance for many years. Current technical guidance therefore favors an
integrated orchard approach linking plant material, soil, water, nutrition and plant health
(Hazzouri et al., 2020). This review condenses the original technical guideline into
management principles that are broadly transferable across date-growing regions. It
intentionally avoids universal fertilizer doses or irrigation volumes because requirements vary
with cultivar, palm age, soil texture, water salinity, evaporative demand, planting density and
target yield. Numerical rates should be derived locally from soil and water tests, crop
evapotranspiration, emitter performance, leaf analysis and field response.
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Propagation and Planting Material

Commercial production requires female palms with predictable cultivar identity. Seedling
palms segregate genetically and have uncertain sex and fruit quality; consequently, seed
propagation is best reserved for breeding, germplasm and research. Vegetative offshoots
provide direct clonal continuity from selected mother palms, whereas tissue culture enables
rapid multiplication of elite cultivars at scale. Modern biotechnology has expanded somatic
embryogenesis, organogenesis and molecular tools for date palm multiplication and quality
control (Gantait et al., 2018). Offshoots should be obtained from productive, true-to-type and
pest-free mother palms and separated only after a functional root system has developed.
During detachment and transplanting, minimizing root injury and desiccation is more
important than maximizing offshoot size. Tissue-culture plants require certified provenance,
normal morphology, a healthy root ball and adequate acclimatization before field planting.
Molecular assessment of field-established tissue-culture-derived palms has demonstrated the
value of genetic-stability verification within commercial multiplication programmes (Mirani
et al., 2022). After planting, the immediate priorities are root-soil contact, stable moisture,
protection from extreme heat and wind, and gradual acclimatization. Excess fertilizer during
the first weeks can aggravate osmotic stress; early nutrition should therefore be conservative
and increased as active growth and root expansion become evident. Representative examples
of nursery production, root-ball condition, manual field planting, and immediate post-
planting basin irrigation are shown in Figure 1.

Figure 1. Selected field photographs illustrating date palm establishment: (A) shade-house

nursery management of young date palm seedlings; (B) dense root development of a container-

grown seedling/root ball; (C) manual field transplanting of a young date palm in sandy soil; and
(D) immediate post-planting basin irrigation with a drip emitter.

Table 1. Practical comparison of date palm propagation pathways.

Condition Seed Offshoot Tissue culture
Low for High when clonal
Genetic/sex commercial High when mother palm is fidelity and
predictability . verified certification are
production oL
maintained
Multiplication High, but Limited by offshoot High; suitable for
capacity heterogeneous production rapid expansion
PRgri grticles ISSN: 2582-9882 Page 280

Ear e e de v e Ae de v e e Lo e O e Lo D v e Ao e O e e e O e Ae Ao v e e de v Ov e Le de e v e e Ae de e D 0 de Ao e e v O O



Earde de de de de Ao de de Ao Ao e Ae Ae Ao Ae e e A A Ae A A e e e U O O Or Up Ov dv dv dv G de de de Ae 1e e e dr Ov G de de de Ae Ae e e Or

Arshad and Rabbani (2026) Agri Articles, 06(05): 279-286 (SEP-OCT, 2026)
Condition Seed Offshoot Tissue culture
Field . Usually robust if well Requires careful
) Variable acclimatization and
establishment rooted

root-ball handling

Segregation, male

Root injury, pest/disease

Acclimatization
failure or off-types if

Primary risk seedhggs, vapable transfer from mother palm quality control is
fruit quality
weak

Breeding, . . Large scqle

Traditional/commercial commercial
Best use germplasm, . T .

clonal planting multiplication of elite
research X
cultivars

Site Selection, Root-Zone Preparation and Orchard Establishment

A pre-plant feasibility assessment should include soil texture and depth, drainage, pH,
electrical conductivity (EC), sodicity indicators, organic matter and available nutrients,
together with irrigation-water EC, sodium adsorption ratio, chloride, bicarbonate and boron
where relevant. Deep, well-drained soils simplify irrigation and salinity management,
whereas coarse sands require frequent water and nutrient delivery and heavy or compacted
soils may require drainage or physical remediation. Plant spacing must account for cultivar
vigor, final canopy size, machinery access, irrigation layout and light interception. Common
commercial layouts fall broadly within about 8-10 m between palms, but local design should
take precedence over a fixed spacing. Planting pits or loosened planting zones should be large
enough to accommodate the intact root system without bending or compaction; in constrained
soils, a larger amended rooting volume is useful. Organic matter can improve water retention
and biological activity, but uncomposted or saline amendments should not be placed in direct
contact with young roots. Representative examples of field layout measurement, planting-
position marking, and seedling placement in a prepared planting pit are shown in Figure 2.

Figure 2. Field preparation for orchard establishment: (A) measurement of plant spacing in the
field; (B) marking planting positions during layout; and (C) placement of a container-grown
date palm seedling in a prepared planting pit.

The date palm root system responds strongly to the spatial pattern of soil water. A recent field
study showed that contrasting soil-water systems altered root architecture and associated
fungal communities, reinforcing the need to design irrigation around root-zone development
rather than around the trunk alone (Robin-Soriano et al., 2025). Plant at approximately the
nursery or mother-palm depth, irrigate immediately to settle soil around roots, and avoid
chronic ponding at the crown. Temporary shade or breathable wrapping may reduce
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transplant stress, but protection should be removed progressively as new growth confirms
establishment. A conceptual representation of the active wetted root zone and salt-
accumulation pattern under drip irrigation is shown in Figure 3.

Table 2. Key pre-plant and establishment checks.

Soil
Irrigation water
Layout

Planting zone

Texture/depth, drainage, pH, EC,
sodicity, organic matter, nutrients

EC, SAR, major salts; boron where

relevant

Cultivar vigor, canopy size,
machinery, irrigation laterals

Loose, drained soil; intact root
placement; no crown burial

Immediate irrigation, wind/heat

Determines amendment need, irrigation
frequency and salinity risk
Determines salinity/sodicity strategy and
leaching requirement

Commercial spacing commonly falls near
8-10 m but should be site-specific

Supports early root expansion and reduces
waterlogging injury

Reduces transplant shock; inputs are

Early care . . . . . . i
y protection, frequent inspection increased progressively with active growth
drip emitter drip emitter
Soil surface L

/
V\<
’

~~~~~ _S_alt{e'n’ds to accumulate
~"hear wetting-front edges

\

\
/‘{
Salt tends to accumslate

near wetting-front edges

Leaching beyond the active root zone only when required by salinity balance

Figure 3. Conceptual drip-irrigated root zone showing emitter placement, wetting pattern, roots
and salinity-management concept. Diagram is not to scale.

Irrigation, Salinity Management and Fertigation

Irrigation should maintain adequate moisture in the active root zone while preserving aeration
and controlling salinity. Date palm has meaningful salt tolerance, but sustained salinity can
still reduce growth and fruit productivity; tolerance should not be interpreted as immunity
(Yaish et al., 2015). Young palms need relatively frequent applications because their root
volume is small. As the canopy and root system expand, the wetted area and number or
placement of emitters should be adjusted so that water is not concentrated permanently at the
trunk. Drip irrigation is well suited to date palm because it permits controlled wetting and
direct coupling with fertigation. Subsurface drip can reduce surface evaporation and weed
emergence but requires careful filtration, flushing, leak detection and root-intrusion
management. In saline environments, irrigation scheduling must include the leaching fraction
needed to keep salts below damaging concentrations, provided the soil profile has adequate
drainage. Field evidence also shows that irrigation level interacts with fruit load, salinity and
economic return, so maximizing water application is not equivalent to maximizing
profitability (Zhen et al., 2020). Deficit-irrigation studies similarly indicate that water
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productivity and yield response should be evaluated together rather than from water saving
alone (Alharbi et al., 2022), while comparisons of drip and bubbler systems show that
irrigation method and supplied fraction can materially affect water-use efficiency and fruit
performance (Hosny et al., 2022). Fertigation allows soluble nutrients to be delivered in
small, frequent doses through the wetted root zone and is therefore a useful tool for
synchronizing supply with crop demand (Shareef et al., 2026). However, benefits depend on
uniform emitters, compatible fertilizer chemistry, water quality, injection calibration and
periodic system flushing. In young tissue-culture-derived Barhee palms, NPK delivery
method and rate affected yield and nutrient response, illustrating why fertigation should be
adjusted to orchard age and field diagnosis rather than copied as a universal recipe (Al-
Qurashi et al., 2015).

Table 3. Irrigation and fertigation priorities by orchard stage.

Frequent, controlled

. Conservative soluble nutrient Root-zone moisture,
. wetting around .. .
Establishment - ) supply after root activity survival, new leaves,
limited root volume; ) .
. . resumes emitter function
avoid ponding
Juvenile Increase wetted arca Split N-P-K according to EC, canopy growth,
) as roots and canopy . N : .
expansion expand soil/leaf status and growth irrigation uniformity
Match ET dpmand, Synchronize nutrient supply Soil/leaf tests, fruit
. crop load, soil storage ; . .
Bearing orchard . . with phenology and expected load, yield/quality,
and salinity leaching :
yield EC, flow/pressure

needs

Nutrient, Soil and Rhizosphere Management

Nutrient management should begin with soil and irrigation-water analysis and be refined
using leaf analysis, palm vigor, crop load and yield history. Nitrogen supports canopy growth
and photosynthetic capacity but excessive N can promote luxuriant growth and inefficient
use. Phosphorus is important during establishment and root development but is relatively
immobile in many soils. Potassium is central to osmotic regulation, carbohydrate transport
and fruit development; field work on Dhakki date palm has shown that potassium combined
with urea can influence fruit retention and quality, although cultivar-specific foliar rates
should not be generalized (Khan et al., 2022). Calcium, magnesium and sulfur support
structural and metabolic functions, while Fe, Zn, Mn and B deserve particular attention in
alkaline or calcareous soils where availability can be constrained. Organic inputs complement
mineral fertilizer by improving soil structure, water retention, cation exchange and microbial
activity. Compost made from clean date-palm residues can recycle orchard biomass and
reduce waste. Recent work has evaluated date-palm-residue compost and biochar as soil
conditioners (Kavvadias et al., 2024), and controlled soil studies indicate that date-palm-
based biochar can improve water retention, with effects influenced strongly by soil sand
content (Le Guyader et al.,, 2024). These materials should be characterized for salinity,
maturity and contaminant risk before use. A practical integrated nutrient programme
therefore combines: (1) diagnosed nutrient need; (ii) split mineral fertilizer or fertigation; (iii)
periodic organic amendment; (iv) correction of demonstrated micronutrient deficiencies; and
(v) monitoring of EC in the wetted zone. Biofertilizers and beneficial rhizosphere
microorganisms may support root function, but they should complement rather than replace
evidence-based nutrient supply.

Table 4. Nutrient-management framework for date palm.

Canopy growth, chlorophyll and protein  Split supply; leaf status, vigor and crop

N : :
synthesis; excess can reduce efficiency demand
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Root development and energy transfer; Soil test and localized/root-zone
P L 90
often low mobility in soil placement when needed
K Osmotic regulation, carbohydrate Leaf/soil status, crop load and fruit-
transport, fruit filling and quality quality target
Structural, chlorophyll and metabolic Correct only where soil/leaf diagnosis
Ca, Mg, S i .
functions indicates need
Deficiency risk in alkaline/calcareous Leaf diagnosis and targeted soil/foliar
Fe, Zn, Mn, B . .
soils; B has narrow safe range correction

Use mature, low-salt, characterized
compost/biochar; integrate with mineral
nutrition

Organic Improve soil structure, water retention
amendments and nutrient cycling

Integrated Pest and Disease Management

Long-lived date palm orchards benefit most from preventive plant-health management.
Certified planting material, sanitation, balanced irrigation and nutrition, avoidance of
unnecessary trunk wounds, removal of severely infested material where required, and routine
inspection should form the baseline. Red palm weevil (Rhynchophorus ferrugineus) remains
a priority because larvae feed concealed within palm tissues and external symptoms may
appear late. Sustainable management therefore combines surveillance, pheromone-based
tools, sanitation, biological options and carefully targeted chemical measures within an
integrated programme (Naveed et al., 2023). Sensor-based approaches are increasingly being
evaluated to improve early detection and reduce dependence on blanket preventive treatments
(Mendel et al., 2024). Bayoud disease, caused by Fusarium oxysporum f. sp. albedinis,
requires particularly strong prevention because curative options are limited; resistant
material, quarantine, sanitation and pathogen exclusion remain central, while research
continues on antifungal compounds and disease-suppression strategies (Kaddouri et al.,
2022). Black scorch is also important in hot arid production systems; UAE research has
confirmed Thielaviopsis punctulata as a causal pathogen and evaluated chemical management
under local conditions (Saeed et al., 2016). Sudden decline syndrome in the UAE has
likewise been associated with Fusarium solani, illustrating why laboratory diagnosis is
essential when field symptoms overlap among vascular and root diseases (Alwahshi et al.,
2019). Chemical treatment should follow diagnosis, registration status, label requirements
and local authority guidance. Broad-spectrum prophylactic spraying without evidence of a
target problem can disrupt natural enemies, accelerate resistance and increase residue and
environmental risks.

Table S. Priority plant-health threats and integrated management emphasis.

Frequent inspection;
pheromone/sensor tools where
validated; confirm internal

Sanitation, wound avoidance, trapping,
targeted registered treatment,
removal/destruction when required

Red palm weevil

infestation
Laboratory confirmation of Exclusion, quarantine, resistant
Bayoud disease Fusarium oxysporum f. sp. material, sanitation; avoid movement
albedinis of contaminated material

Reduce stress and injuries; sanitation;

Necrotic/blackened tissues plus registered fungicide only when

Black scorch pathogen diagnosis

justified
Root and vascular symptoms can Correct waterlogging/salinity stress,
Sudden/root decline overlap; laboratory diagnosis sanitation and pathogen-specific
essential treatment
Conserve natural enemies,
. Inspect leaves, bunches and prune/sanitize selectively, avoid
Scale/mealybugs/mites h
oneydew/sooty mold symptoms unnecessary broad-spectrum
insecticides
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Precision Monitoring and Integrated Decision-Making

Precision technologies are most useful when they close a management loop rather than
merely produce imagery. Soil-moisture sensors, flow meters and pressure checks can verify
irrigation delivery; EC monitoring can reveal salt accumulation; and digital records can link
irrigation, fertigation, pest observations and yield. High-resolution thermal, multispectral and
hyperspectral remote sensing has demonstrated potential for date-palm farm health
assessment (Mulley et al., 2019). More recent reviews show that UAV-based RGB,
multispectral, hyperspectral, thermal and LiDAR approaches are being developed for pest
and disease surveillance, although operational performance depends on sensor choice, ground
validation and reliable diagnostic thresholds (Alsadik et al., 2024). The central management
principle is integration: planting material determines genetic potential; site preparation
determines the initial rooting environment; irrigation shapes root-zone moisture and salinity;
fertigation and organic inputs influence nutrient availability; and plant-health surveillance
protects the resulting canopy and yield. Decisions should therefore be reviewed as a
connected system rather than as separate farm operations. The integrated relationships among
planting material, establishment, irrigation, nutrition, and plant-health monitoring are
summarized in Figure 4.

Certified Site, soil & Irrigation & a IPDM &

planting | root-zone | salinity I::ri?t::?oﬁ precision

material preparation control 9 monitoring
f : A

Target outcomes

Uniform establishment « Efficient water and nutrient use
Healthy root zone « Lower pest and disease risk
Stable yield and fruit quality

" J

Figure 4. Integrated management framework linking planting material, establishment,
irrigation, nutrition and plant-health monitoring to orchard outcomes.

Conclusion

Sustainable date palm production depends on coordinated management from planting
material to mature-orchard monitoring. True-to-type offshoots or quality-assured tissue-
culture plants should be established in a well-drained, tested root zone with careful protection
of roots and crown. Irrigation must follow crop demand, wetted root volume, water quality
and salinity balance, while fertigation and mineral nutrition should be adjusted through soil
and leaf diagnosis instead of fixed blanket rates. Organic amendments can strengthen soil
water and nutrient retention when their quality is verified. Plant health should be protected
through preventive sanitation, early detection and integrated control, particularly for red palm
weevil and destructive fungal diseases. Sensors, remote sensing and UAV tools can improve
precision when they are calibrated against field observations. The most strong strategy is
therefore not a single technology but an adaptive management system that combines
monitoring, site-specific thresholds and timely intervention to improve establishment, water
productivity, nutrient-use efficiency, fruit quality and orchard longevity.
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