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Effect of using the organic nano-fertilizer Optimus Plus on the growth of date

palm (Phoenix dactylifera L.) seedlings, cv. Al-Zamli, under salt stress

Firas M. A. Al-Hamoud™ Ali S. Mahdi Emad H. A. Alarab Maryam M. Odeh

Date palm Research Center, University of Basrah, Basrah, Iraq.
*Corresponding author: firas.abbas@uobasrah.edu.iq

Abstract

This study aimed to evaluate the effect of foliar spraying of the organic nano-fertilizer (Optimus
Plus), irrigation water salinity, and their interaction on some chemical and physiological traits of
date palm seedlings cv. Al-Zamli (Phoenix dactylifera L.). A factorial experiment was conducted
to study leaf content of nitrogen, phosphorus, potassium, proline, and total chlorophyll under
different salinity levels (0, 5, 10, and 15 dS m™) with and without foliar application of the
organic nano-fertilizer. The results showed that foliar application of the nano-fertilizer
significantly improved leaf nutrient contents compared with the non-sprayed treatment, recording
the highest values of nitrogen (2.012%), phosphorus (2.441 g kg™), potassium (7.931 g kg™*), and
total chlorophyll (19.776 mg 100 g1), along with a reduction in proline content (0.514 ug g™).
Results also indicated that increasing irrigation water salinity significantly decreased nutrient and
chlorophyll contents, where the highest salinity level (15 dS m™) recorded the lowest values of
nitrogen (0.901%), phosphorus (1.466 g kg™), potassium (5.236 g kg™*), and chlorophyll (10.246
mg 100 g1), while proline content increased (0.835 pg g72). Interaction results showed that nano-
fertilizer application mitigated the adverse effects of salinity by maintaining higher levels of
nutrients and chlorophyll under different salinity levels, whereas the interaction between no
spraying and high salinity produced the lowest values. It is concluded that the organic nano-
fertilizer (Optimus Plus) represents a promising option for supporting the sustainability of date

palm cultivation in saline environments.

Keywords: Proline, Foliar spray, Salinity stress, Macro nutrients, Chlorophyll.
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kil o Way 8 cal ) cluahall ey ai LAY sda shael e aall Al Ll bl e
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s Lla) 30 Jo¥ (Cito et al., 2014) Jaw WS (Francardi et al., 2012; Francardi et al., 2013).
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Biological and chemical control of the invasive red palm weevil insect
Rhynchophorus ferrugineus (Olivier, 1970) (Coleoptera: Curculionidae)
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Abstract

The red palm weevil (Rhynchophorus ferrugineus Olivier) is considered one of the most serious
pests threatening date palm cultivation in many countries worldwide, due to its high ability to
cause severe damage that leads to tree deterioration, reduced productivity, and may eventually
result in tree death. This study aimed to review the most important methods used to control this
pest, with emphasis on biological, pheromonal, and chemical control. Studies have shown that
entomopathogenic nematodes, particularly Steinernema carpocapsae and Heterorhabditis
bacteriophora, possess high efficiency in controlling the larval stages of the insect. Likewise,
entomopathogenic fungi, especially Beauveria bassiana, Metarhizium anisopliae, and
Trichoderma harzianum, have demonstrated significant effectiveness in reducing weevil
populations and infecting different life stages. Pheromone traps have also played an important
role in early detection of infestation, monitoring insect population densities, and contributing to
population reduction, especially when aggregation pheromones are combined with suitable food
baits. Furthermore, studies have indicated that chemical insecticides, particularly when applied
via trunk injection, remain among the most effective control methods for eliminating different
developmental stages of the insect. The results indicate that integrated management of the red
palm weevil, combining continuous monitoring, biological control, pheromonal trapping, and
chemical control, represents the most efficient and sustainable approach to limiting the spread of

this pest and reducing its economic losses in date palm orchards.

Keywords: Rhynchophorus ferrugineus, red palm weevil, invasive pests, biological control,

integrated control..
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The Role of Biofertilizers in Mitigating Heat Stress Damage in Date Palm-
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Abstract

Date palm (Phoenix dactylifera L.) is one of the most important strategic crops in arid and semi-
arid regions. However, climate change and rising temperatures have become increasing
challenges to the sustainability of its production by causing physiological and biochemical
disturbances that negatively affect growth and productivity. This review summarizes current
knowledge on the effects of heat stress on date palm, with particular emphasis on the role of
biofertilizers as a sustainable agricultural approach to enhance plant adaptation to high-
temperature conditions. The review discusses the various mechanisms employed by beneficial
microorganisms, including plant growth-promoting rhizobacteria (PGPR), arbuscular mycorrhizal
fungi (AMF), and endophytic fungi, in improving water and nutrient uptake, activating
antioxidant defense systems, inducing heat shock protein production, and maintaining
photosynthetic efficiency and cellular membrane stability. It also highlights the role of
biofertilizers in improving the physical and biological properties of soil and enhancing microbial
diversity, thereby contributing to the sustainability of agricultural systems. Furthermore, the
review addresses key research challenges and future perspectives, including the interactions
between introduced microorganisms and native microbial communities, as well as the application
of modern molecular techniques to evaluate biofertilizer efficiency and their long-term
environmental impacts. Available evidence indicates that integrating biofertilizers into date palm
management programs represents a promising strategy for improving heat stress tolerance and

enhancing the sustainability of agricultural production under accelerating climate change.

Keywords: Sustainable agriculture, Heat stress, Microorganisms, Abiotic stress, Arbuscular

mycorrhizal fungi (AMF).

49



mailto:amad.abdalsamad@uobasrah.edu.iq

".

Basrah Journal of Date Palm Research s’ sl 183 Slagd Bmagll dlao
BJDPR 2026 (1) sssll 25 ala

Volume 25 Issue (1) 2026 ISSN: 1816-0379 online ISSN:3005-3722

il Jas e Batrachedra amydraula (Meyrick) §;maall §yday 4Ladd 8)aal) ay) il
Ay silil) Ladl) cilageand (3T Jaally Auiloasl clapsall (ansd Aul8at) 3o Sty §puad) Adyaa
lgiadlea A

Tepmsdl aan pall o Guaaaila Glgsal Buldl s daaa aadll a Sl as Gilgl

Sl spadi-ead) Gaalam Jaill Slad) e
naser.mohammed@uobasrah.edu.iq: Ju) yll &;L\J\*

LAl

oS il A Oall dias Hld et Al Y Lhal o Batrachedra amydraula syl syéa s
Oo Ghlie EDE 3 sydally B awsally Gihrall LN 4 D) Auball o3a cdan L Ll Basay z )
Ol celall) el Jias e cilial et Gpulea Ay (A1 (el Lad canadll ) syl Al
(ST ¢ sl W ¢Sl Al e dused 3l A3)lEe ) ALYl Aladd (asd capall cgslpadll
ol i) saese DA Bydal) AadlKe Al dad) Glaws ae Llaln il (ol cpal Sk
Ll A el copedl i ddhie cilas G bl Bl G Bl G B Gsiee Ugles bl <kl
st e b jlally @dlal) s Jas Dla) Y1 i€ (Logy 24) il 2y 2000 5580 of s WS ((%67.27)
ot b paly Sile e 58 ALl AadlSdl il el L ) e %41.15 5 %47.73 @il kil
Je 1) 585 e daliyy iyl dadl) Claus ge el 138 Jals il WS L clagaall $gy 4lie Jadlal) G
Al s L cDlelad) ary b dpiea Tl A lise dasale JS0 4idlad 3005 ge o Glases p& 0.5 + 2
Jilig Aadl<al) .S Syieil Bac )y Al il Jiay o Sy Ayl Aadll Clapn ae Aol laaall alasinl of

Ll b len el Saall AaBSAl) s po yaaty Aa il e A 038 e Raaldll )

chilocl) dus ¢ (AgNPS)asilill dadll Clapun dilaS dadlSa ¢ 3ppeall spda ¢ all (s idalidal) clall)

REALTOA P T IV

50



mailto:naser.mohammed@uobasrah.edu.iq

Basrah Journal of Date palm Research, 2026, 25(1):50-66 66-50:(1)25.:2026 . soill i &lsg¥ 3pagl! dlse

Introduction daial)

b Raali g Aaglaall Aan)lally Apabaid) dedll @b 4SW sl el 2l Phoenix dactylifera L. ) Jas a
Al-Alawi et ; Jonoobi ef a/.,2019) alaalls dae)) 3l skall Llod 338 0S8 G (Alaldl) andy Aala)) shalial)
e 5a€ A3 Aad G U o L@l cuw aeall ol oiall Lall Jias LS ey (a£,2017
(B3) cpwlaills (B2) ouidigulls (Bl) ekl Jie ¢ B cpalid (iSyas palaally clisip plls b1y clyan g <)
ealic aalS Lglatiay Lall Jid L aals Gl (Al-Alawi ef al., 2022) (B6) ouSsanulls (B5) el sl
ARy LY el (e I LN o3¢d Gaany e o) Jtll L(FAOSTAT, 2018) allall 31320 0¥
Batrachedra syuasll syia iy «aballly Chiall (o paally iloa) Aaii juine gl aill Ji 2 ) Giayely
o 32als <The lesser date moth (syall el Juadll &e o (g yall ) Basy Layl 435 y2dlls camydraula
Sl A s3g AlaY) g callad) Jon aiel)) Bhlia maen b Lall JiA5 S s ) Appdall ) ksl
DYy e ball e Ja Gle sile IS5 5 Lee ¢ el Jis5 L Basm Sy oY) b Aadl il
laysilis aulsll Wyl hlas uS alialy 5pdall o3a cudia @y (2005 <) saill dniiall Shabiall salaiy)
(El-Shafie ef \gle lamd) Lysmaal Ll LginilSay Wil Grb e cilaad (o dumyis Ly Jiadll ) e Ll
ik (Batrachedridae) ilile ), (Lepidoptera) isia¥l dsds 48y ) speall 38w . 4l, 2018)
535 oy Gl b 2055 131 ) Ji ey Bhlie qsen b Syl ol s Lo ) (plly Ll Jlad Lol
38, Jally Adpall Blad) Jio abse ) Spamnl syl apull JUENT (gimy 5 emay inly I ddlin) el el
Jad oladl Lol Aasliall Clia selas lamall Jand e Ly ddbiaal) Ralial Cagylll we caSill e 3ydall
(Shayesteh et al., all Jias e 48Y) oda jlpaly 58l (e 2all Allad Gyl alag) e 2Y A A8k )
Jla) &G 3paall 3y8al o) Gluhall e 2l @ylil L2010; Javadzadeh & Hosseini-Gharalari, 2017)
e A (e Soay I il L) e A b B Jially I e Ales 3 OY) Jinl) el bpeadl 3 L
e Al G E e QAT e Spenl S iy el 2o g0 CiSy coddll Rl e I3 el i ol
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Abstract

The lesser date moth, Batrachedra amydraula, is one of the most dangerous pests infesting date
palm fruits, causing significant losses in yield and fruit quality. This study aimed to assess the
geographic and seasonal distribution of infestation in three regions of Basra Governorate (Abi Al-
Khasib, Shatt Al-Arab, Al-Qurna), and to investigate the susceptibility of five date palm cultivars
(Hallawi, Sayer, Khadrawi, Breim, Barhi) to infestation. Additionally, the study compared the
efficacy of five chemical pesticides (Abamectin, Alpha-cypermethrin, Actellic, Matrinex Plus,
Deltamethrin) and the effect of their combination with silver nanoparticles at two different spray
timings. The results showed significant variation in fruit drop percentages among the study
regions, with Shatt Al-Arab recording the highest drop rate (67.27%). The second period after
pollination (24 days) was found to be the most susceptible to infestation. Regarding cultivar
susceptibility, Hallawi and Sayer recorded the highest drop percentages at 47.73% and 41.15%,
respectively. The chemical control results demonstrated the superiority of Matrinex Plus in
reducing fruit drop percentage compared to other pesticides. Furthermore, the combination of this
pesticide with silver nanoparticles, particularly at the concentration (1 ml pesticide + 0.5 g
nanoparticles), significantly enhanced its effectiveness, achieving zero drop percentage in some
treatments. The results indicate that using pesticides integrated with silver nanoparticles may
represent a promising strategy to improve control efficacy and reduce the damage caused by this

pest, with a recommendation to determine early spray timing to ensure effective fruit protection.

Keywords: Phoenix dactylifera, Batrachedra amydraula, chemical control, (AgNPs), fruit drop

rate, cultivar susceptibility.
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Effects of Amino Acids and Salicylic Acid on Biochemical Responses and
Genetic Stability of Tissue-Cultured Date Palm Offshoots Under Salt Stress
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Abstract

The present study was conducted at the Department of Horticulture and Landscape, College of
Agriculture, University of Basrah, on three-year-old tissue culture-derived date palm offshoots
(Phoenix dactylifera L., cv. Barhee). It aimed to evaluate the effects of amino acid and salicylic
acid foliar application on alleviating salinity stress during the 2025-2026 growing season. Plants
were irrigated with saline water at 10 dS m™* (100 mM), and treated with amino acid mixture (0,
100, 200 mg L ™) and salicylic acid (0, 100, 200 mg L ™). Results showed that the combined
application of 200 mg L™ amino acids and 200 mg L™ salicylic acid significantly improved
biochemical traits. This treatment produced the highest total chlorophyll content (5.318 mg g%
and soluble protein content (5.446 mg g—1), while reducing proline to 3.766 mg g - and lipid
peroxidation to 2.043 mg g%, and enhancing membrane stability index to 71%. SDS-PAGE
analysis revealed 43 protein bands, indicating changes in protein expression under salinity and
treatments. Cluster analysis grouped treatments into two main clusters; notably, the combination
of 100 mg L™* salicylic acid and 200 mg L™* amino acids formed a distinct group with a genetic
stability index of 0.8%. Overall, salinity induced noticeable biochemical and genetic alterations,
whereas amino acids and salicylic acid effectively mitigated stress effects and improved plant

performance and genetic stability.

Keywords: Salinity stress, Date palm, Amino acids, Salicylic acid, SDS-PAGE.
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Abstract

This study evaluated the nutritional quality and health safety of date palm sap from four Libyan
cultivars (Amy, Bekrari, Dokar, and Tabony) and one Tunisian Bekrari sample. Chemical
analyses showed significant variation among samples, with Dokar sap recording the highest total
solids content (27.55 °Brix), while exhibiting the lowest total acidity (0.065%) and pH (7.00).
Phytochemical screening revealed high levels of glycosides, phenols, and flavonoids in all
samples. The Libyan Bekrari sap contained the highest total polyphenol content (10.81 mg
GAE/g). Mineral analysis demonstrated that date sap is a rich source of essential minerals,
particularly potassium, calcium, and phosphorus. Microbiological examination detected coliform
bacteria (45-551 x 10?2 CFU/mI) and yeasts and molds (2-73 x 102 CFU/ml) in the analyzed
samples, whereas Escherichia coli was absent in all cases. These findings highlight the nutritional
and functional value of date sap but also indicate concerns regarding microbial contamination.
The study emphasizes the need for improved hygienic practices during sap collection, handling,
and packaging to enhance product safety and shelf life. Furthermore, the results provide
important baseline data that may support the development of quality standards and safety

regulations for date palm sap intended for human consumption in Libya.

Keywords: date sap, flavonoids, chemical composition, nutritional value, functional foods.
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Introduction

The date palm tree (Phoenix dactylifera L.), often referred to as the "Tree of Life,” has been
cherished since ancient times as one of the earliest fundamental natural foods. The date palm is a
source of many food products, such as dates, sugar, date kernel oil, and date sap (Mahomoodally
et al., 2023). Date palm sap juice (known as Lagmi in Libya) is a natural drink rich in energy and
nutrients and has many health benefits. It is also a value-added palm tree product. Global
production of date sap has seen rapid growth in recent years due to its distinctive sensory
properties and high sugar content. Date sap juice is rich in natural sugars, minerals, phenolic
compounds, and antioxidants, which contribute to its nutritional value and potential health
benefits, including energy provision and antioxidant activity (Aparnna, et al., 2023).
Furthermore, date palm sap is a naturally renewable resource that can be processed with minimal
industrial input, supporting sustainable food production systems (Ansar et al., 2021; Saputro et
al., 2017). In Arab nations, especially in the northwest region of Africa, date sap is a vital and
revitalizing beverage in the summer months, when it is traditionally harvested by slicing the stem
of a date palm tree. The date palm produces about 8-10 liters of date sap per day (Sarkar et al.,
2023, Sarma et al., 2022). The amount of production varies depending on the types of palm trees,
the season, and the time of extraction (morning and evening). The period of collecting date sap
may extend from one month to 6 months from the same palm tree (Sarma, et al., 2022). Although
date sap is extracted and consumed as a refreshing natural juice in Libya, there are several
research gaps that need to be addressed, such as investigating the chemical properties, nutritional
value, and microbial content of date sap extracted from different Libyan date varieties. The date
sap juice is negatively affected by the microbial population, especially bacteria and yeasts. The
microbiological quality of date palm sap plays a decisive role in determining its suitability for
consumption as a fresh beverage. Date sap is highly susceptible to microbial contamination due
to its high sugar content and near-neutral pH, which favors the growth of bacteria, yeasts, and
molds (Djemal, et al., 2025). The rapid fermentation of date sap juice by natural microorganisms
and the lack of modern technical methods for collecting and preserving, in addition to the lack of
people’s knowledge of its nutritional value and health benefits, are among the most important
reasons for not getting the maximum benefit from this beverage (Aparnna et al., 2024). Although

date sap has been collected and consumed as fresh natural juice for many decades in Libya, and
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despite the technological and marketing progress in the field of food manufacturing, there have

not been many recent studies on date sap in Libya in order to value this nutritious natural product.

This study aimed to evaluate the chemical, phytochemical, mineral, and microbiological
characteristics of date palm sap from different cultivars to assess its nutritional value, safety for

human consumption, and potential use in developing quality standards.
Materials and Methods
Traditional date palm sap extraction method (cutting stem method):

In this traditional method, the farmer makes an incision at the upper part of the date palm trunk to
allow the sap to flow, which is then collected in a container attached to the tree. This technique is
considered efficient, as it yields substantial quantities of date sap without causing significant
damage to the palm. After collecting sap from several date palm trees of the same cultivar, the
sap is pooled into a single container, then filtered and manually filled into plastic bottles, and
finally stored under freezing conditions, and subsequently sold at local points of sale as a fresh,

refreshing beverage.
Sample collection

Date palm sap samples were collected from local retail outlets in the Zliten region (150 km away
from the capital, Tripoli, on the western coast of Libya), where the sap is traditionally extracted
by farmers and sold chilled or frozen at points of sale. To ensure sample integrity, only freshly
refrigerated samples were selected at the time of purchase. The samples were transported to the
laboratory in insulated and ice-cooled containers to minimize temperature fluctuations and
microbial changes. Upon arrival, samples were kept under refrigerated conditions (4 °C) and
analyzed at the same day. All samples were handled under hygienic conditions throughout
transportation and preparation to prevent external contamination. As for the Tunisian date sap
sample, it was purchased from Gabes, Tunisia, and it is also transported under the same isolated
and refrigerated conditions and kept refrigerated during analysis.

Chemical analysis:

All chemical analysis was determined using standard analytical procedures described by (AOAC,
2023).
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Total Soluble Solids (TSS): The Rhino Brix refractometer HR-150N/Rhino technology (Brix
scale 0-80%) was used to determine TSS date sap samples.

Titratable acidity (TA): was determined by the titration method using NaOH (0.1 N) and
phenolphthalein as indicators.

pH: pH measurement was conducted using calibrated digital pH meter (SensoDirect 150, Multi-
Parameter Meter, Tintometer GmbH. United Kingdom).

Moisture Content: Determined using an ATG high-temperature oven (Shanghai, China). 5 g of
the sample was dried at 135 °C for 2 hours until a constant weight was reached.

Ash Content: Determined using a ZE electric muffle furnace (ltaly). 5 g of the sample was
placed in a pre-weighed crucible and incinerated at 550 °C for 6 hours. After cooling in a
desiccator, the residue was weighed, and ash content was expressed as (%).

Protein content was determined using the micro Kjeldahl method, which involves three main
steps: digestion, distillation, and titration. Protein content was calculated using a conversion
factor of 6.25.

Fat content: was determined using the Soxhlet extraction method. Fat content was expressed as
grams of fat per 100 g of sample (g/100 g).

Fibers: Crude fiber content was determined using the acid-alkali digestion method. Crude fiber
content was calculated as a percentage of the original sample weight.

Carbohydrate: the percentages of moisture, crude protein, crude fat, fiber and ash were
determined using standard analytical procedures (AOAC, 2023). The total carbohydrate content
was then calculated by subtracting the sum of these components from 100, according to the
following equation:

Total carbohydrates (%) =100— (% moisture + % protein + % fat + % ash + % fiber)

Mineral concentrations: were determined using a flame photometer (BWB Technologies,
England). Quantification was carried out by comparing sample readings with calibration curves
constructed from standard solutions of each mineral (according to Harborne, 1998).
Phytochemical Identification Tests: Qualitative phytochemical screening was carried out using
the methanolic extract of the samples to identify major bioactive constituents as follows:
Alkaloids: Two milliliters of the extract were mixed with 2 mL of dilute hydrochloric acid and
heated in a water bath. The mixture was filtered, and a few drops of Mayer’s or Wagner’s reagent
were added to the filtrate. The formation of a white or brown precipitate indicated the presence of

alkaloids.
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Flavonoids: Two milliliters of the extract were treated with 1 mL of 10% sodium hydroxide
solution. The appearance of a yellow coloration that disappeared upon the addition of diluted

hydrochloric acid confirmed the presence of flavonoids.

Tannins: A few drops of 1% ferric chloride solution were added to 2 mL of the extract. The

development of a blue-black or green coloration indicated the presence of tannins.

Saponins: Two milliliters of the extract were vigorously shaken with 5 mL of distilled water for
30 seconds. The persistence of stable froth for at least 10 minutes indicated the presence of

saponins.

Glycosides: The extract was treated with glacial acetic acid containing ferric chloride, followed
by the careful addition of concentrated sulfuric acid along the side of the test tube. The formation

of a brown ring at the interface indicated the presence of glycosides.
Determination of Total Polyphenol Content

Total polyphenols were determined using the Folin—Ciocalteu method. Polyphenolic compounds
were extracted using methanol. An aliquot (0.5 mL) of the extract was mixed with 2.5 mL of
diluted Folin—Ciocalteu reagent (1:10, v/v). After 5 minutes, 2 mL of 7.5% sodium carbonate
solution were added. The mixture was incubated at room temperature in the dark for 30 minutes.
Absorbance was measured at 695 nm using a spectrophotometer. Total polyphenol content was
calculated from a standard calibration curve (gallic acid) and expressed as mg gallic acid

equivalents (GAE) per gram of sample (Gutfinger, 1981).

Determination of Total Antioxidant Capacity (Phosphomolybdenum Assay): Total antioxidant
capacity was evaluated using the phosphomolybdenum method. The reagent solution consisted of
0.6 M sulfuric acid, 28 mM sodium phosphate, and 4 mM ammonium molybdate. One milliliter
of the extract was combined with 3 mL of the reagent and incubated in a water bath at 95°C for
90 minutes. After cooling to room temperature, absorbance was measured at 695 nm. Antioxidant

capacity was expressed relative to a standard calibration curve prepared using ascorbic acid.

Energy content: The energy content was determined via a CALO-3 bomb calorimeter, which is
used to measure the heat of combustion when placed in a reaction container surrounded by water,

where the substance and oxygen gas are placed and heated until the substance combusts, as the
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temperature of the water surrounding the reaction container increases; then, the combustion

temperature is calculated according to the following equation:
Q =mCpAT

Where
Q = heat absorbed by water, m = mass of water in grams, Cp = 1 Cal/g °C, AT = change in

temperature
Microbiological analysis:

Microbiological analysis was performed using Compact Dry™ plates (Nissui Pharmaceutical
Co., Japan) a rapid ready-to-use test system for the enumeration of aerobic colony count (TC),
coliforms, E. coli, yeasts, and molds according to (Mizuochi, et al., 2016). One ml of each sample
was aseptically homogenized with 9 ml of sterile buffered peptone water to obtain a 107 dilution,
followed by preparation of appropriate serial dilutions. One ml of each dilution was inoculated
onto Compact Dry Total Count (TC), Compact Dry Coliforms/ E. coli (CF/EC), and Compact
Dry Yeast and Molds (YM) plates. The plates were incubated according to the manufacturer’s
instructions at 35-37 °C for 2448 h for TC, coliforms, and E. coli, and at 25 + 1 °C for 3-5 days
for yeasts and molds. After incubation, characteristic colonies were counted, and microbial loads

were expressed as colony-forming units per ml (CFU/ml) of sample.

Statistical analysis: In this study, ANOVA table and LSD test was used. Chemical analysis
results of this study (for 3 replicates) were subjected to statistical analysis using the SPSS
program (version 21). An LSD test was conducted at a significant level of p<0.05 to identify
statistically significant differences among the mean values. The results were expressed as mean +

standard deviation.
Results and Discussion
Quality characteristic:

The percentage of total solids reflects the concentration of sugars in the date sap juice, which is
an indicator of the degree of sweetness and nutritional value, while the acidity and pH affect the
sensory properties, especially the taste, as well as the microbial quality characteristics and
fermentation speed. The findings presented in Table (1) illustrate the chemical quality attributes

of the date sap juice samples. Significant variations exist due to genetic differences (cultivars).
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Sample D showed the highest sugar concentration, likely due to superior photosynthetic
efficiency. It was found that the Dokar sample had the highest percentage of total solids
(27.55+0.071) and the lowest percentage of acidity (0.06+£0.007) and was characterized by a
neutral pH of (7.00+£0.007), while the Tunisian date sap sample showed the highest average
acidity and a low pH (0.22+0.007 and 5.02+0.007, respectively). Date sap samples in this study

had pH values near neutral except Tabony and Tunisian sample (Bekrari) as shown in table (1).

Table (1) Quality characteristics of date palm sap samples

Acidity%
Sample TSS (Brix°) pH _ Y _
(as malic acid)

A 22.10+0.141° 6.12+0.000° 0.15+0.028"

B 25.05+0.071° 7.30+0.021° 0.04+0.020¢

D 27.55+0.070° 7.00+0.007" 0.08+0.021°

T 18.60+0.142° 5.84+0.042° 0.13+0.026"

TO 24.75+0.072° 5.05+0.035° 0.22+0.029°

P-value 0.000 0.000 0.000

Comment S S S

The ANOVA test (F test) was used at the 0.05 significant level, with * meaning significantly different and ** highly
significantly different. P-value > 0.05. A, B, D, T, TO are date palm sap samples (according to variety) where: A:
Amy, B: Bekrari, D: Dokar (male date tree), T: Tabony (Libyan varieties), TO: Bekrari sample from Qabes/ Tunisia

The pH values recorded in this study showed a broader variation compared to the results of
Zango et al. (2020), who reported a pH of 6.55. This divergence is likely due to differences in
cultivar characteristics, soil composition, and the environmental conditions. It is also obvious that
there is a significant difference between samples in the mean of TSS, pH, and Acidity all p-
values are equal to 0.000 less than 0.05. According to Shanta et al. (2021), the total soluble solids
(TSS) and acidity of fresh date palm juice were found to be 9.0 and 0.12, respectively. From the
results obtained in the above table it is evident that Dokar and Bekrari samples are characterized

by the super quality attributes among the samples under study.
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Chemical composition

A significant difference between samples in the means of chemical composition was observed; all
p-values >0.001. The date sap sample was characterized by moderate high-water content. It was
found that the moisture content ranged between 69.89+0.014 and 81.11+0.007%. For ash content,
the Amy date sap sample recorded the highest reading (3.50+£0.007%), which is considered an
indicator of the content of date sap of minerals and salts. The results further indicated that Dokar
sample recorded the highest carbohydrate, fiber, and energy content (24.47%, 1.53%, and 108.32
kcal/100ml, respectively). The Dokar sample (D) is the sweetest sample among the tested
samples. The Bekrari sample from Tunisia was distinguished by the highest protein content
(6.02%) (Table 2).

Table (2) Chemical composition and total energy content of date sap samples

Total
Sample  Moisture%o Ash% Carbohydrate %  Protein% Fat%  Fiber% snersy
(kcal/100
ml)
A 77.00£0.007° 3.50+0.007° 14.61+0.049° 3.54+0.035° 0+0 1.35+0.014° 72.60+0.057°
B 72.70£0.007" 1.30+0.014° 22.92+0.028" 1.91£0.014° 0+0 1.17+0.007° 99.32+0.057°
D 69.89+0.014° 1.51+0.007°  24.47+0.049°  2.60%0.007° 0+0 1.53+0.035* 108.28+0.17°
T 81.11+0.007% 2.93+0.021°  13.02#0.035°  2.22+0.021" 0+0 0.72+0.028" 60.96+0.226°
TO 73.53+0.014° 1.57+0.021° 17.77+#0.057°  6.02+0.007° 0+0 1.11+0.014° 95.16+0.198°
P-value 0.000 0.000 0.000 0.000 0.000 0.000
Comment S S S S S S

ANOVA test (F test) was use at 0.05 significant level, S =significant different, NS =Non- significance differences A,
B, D, T, TO are date palm sap samples where: A: Amy, B: Bekrari, D: Dokar (male date tree), T: Tabony, TO:

(Bekrari sample) from Qabes, Tunisian.

As is known, water is very important in diets as it is a natural source for hydrating the body,
maintaining its vital functions, transporting nutrients, and eliminating waste. It also helps regulate
body temperature, which is what makes date juice a refreshing drink, especially in the scorching
summer heat. In terms of ash content, the results of this study (ranging from 1.30% to 3.50%)

were higher than the findings reported by Sarkar et al. (2023), who found an ash content of 1.8%.
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This discrepancy is particularly evident in the Amy cultivar, which recorded the highest ash
content at 3.50%. Such variations likely arise from differences in soil mineral composition,
cultivar types, and geographical locations. According to Dirkes et al. (2021), the sweetness of
date sap is primarily due to its high sugar content, which constitutes a major portion of its total
carbohydrates. From a nutritional point of view, date palm sap is a natural beverage rich in
sugars, which are a major source of immediate energy for the body; essential minerals that help
balance electrolytes in the body; soluble fiber, which improves digestive health and bowel
movements; and proteins, which play a crucial role in building and repairing tissues and cells and
producing enzymes and hormones (Mahomoodally et al., 2023; Hai et al., 2024).

Phytochemical screening:

The phytochemical compounds present in date sap samples were examined to gain insights into
their characteristics. Although some differences were observed during qualitative evaluation, the
analysis showed strong positive results for some active chemical compounds, especially
glycosides (+++). Compared to the other samples in this study, Amy’s date sap sample exhibited

medium and strong values of flavonoids, phenols, and alkaloids (Table 3).

Table (3) Preliminary phytochemical screening of active chemical components of date sap

samples

Samples  Flavonoids Phenols  Alkaloids Glycosides Saponins  Tannins
A +++ ++ ++ +++ + -ve

B ++ ++ ve +++ + ++

D -ve ++ -ve +++ + +++

T ++ ve + +++ ++ ++

T0 -ve -ve -ve +++ ++ +++

(—ve, +, ++, +++) represent qualitative intensity levels of active phytochemical compounds.

Flavonoids have anti-inflammatory and antioxidant properties, which improve cognitive function

and contribute to cardiovascular health (Li et al., 2018).The strength of antioxidant activity is

94



Basrah Journal of Date palm Research, 2026, 25(1):86-104 104-86:(1)25.2026 . yoill dlij &ilsyd dpoyll dlae

linked to the presence of phenolic compounds, flavonoids, and tannins, as the removal of free
radicals is directly linked to these compounds (Kruk et al, 2022). It should be noted that
environmental conditions at the time of sap collection such as temperature, humidity, and
seasonal variations, can influence the concentration and activity of these phytochemicals. For
example, higher temperatures and prolonged exposure during collection may lead to slight
degradation of sensitive compounds, whereas cooler conditions may help preserve antioxidant
constituents. Flavonoids are known for their anti-inflammatory and antioxidant properties,
contributing to cardiovascular health and cognitive function (Ben Rawat et al., 2025). The
strength of antioxidant activity is closely linked to the presence of phenolic compounds,
flavonoids, and tannins, as these compounds play a direct role in free radical scavenging (Kruk et
al., 2022).

4. Polyphenols and antioxidants:

The results presented in Table (4) demonstrate a highly significant variation (p<0.000) in the total
polyphenol content among the investigated date sap samples. Sample B exhibited the most robust
phenolic profile (10.817+0.741 mg GAE/g), which was significantly higher than all other
treatments. This diversity in TPC can be attributed to the genetic variation between cultivars,
physiological maturity of the palm at the time of tapping, and potential environmental stressors
that stimulate the phenylpropanoid pathway, leading to increased secondary metabolite
production. In contrast, the antioxidant activity showed no statistically significant differences
across all samples (p=0.072). Although Sample B had a nominally higher value (0.28+0.03), the
lack of significance (NS) suggests that the antioxidant capacity in date sap may be influenced by
a complex synergistic effect of various bioactive constituents beyond just total phenols. These
constituents may include melanoidins formed during sap handling or water-soluble vitamins.
Furthermore, this outcome implies that while the quantity of polyphenols varies significantly by
variety, the fundamental antioxidant potential remains relatively stable, ensuring a consistent

functional value for the sap regardless of the source cultivar.
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Table (4) Determination of polyphenols and antioxidants

Polyphenols Antioxidants
(mg/ GAE/qg) (mg/GAE/qg)
A 2.017+0.341° 0.20+0.03
B 10.817+0.741° 0.28+0.03
D 0.090+0.025° 0.23+0.02
T 6.87620.544" 0.23+0.02
T0 4.563+2.220° 0.25+0.05
P-value 0.000 0.072
Comment S NS

ANOVA test (F test) was use at 0.05 significant level, S =significant different, NS = non-significant different

Date sap is known to contain chemically active compounds such as flavonoids and polyphenols,
which are known for their health benefits in improving cardiovascular health (Jim et al., 2025).
Al-Shwyeh, (2019), showed that the high levels of flavonoids in date sap were accompanied by
high antioxidant activity and free radical inhibition, this result making date sap a promising drink
for fighting cancer. Antioxidants and polyphenols are of great importance in promoting human
health due to their ability to combat oxidative stress, which is the main cause of many diseases
(Rudrapal, et al., 2022). Many studies have indicated that antioxidants and polyphenols are linked
to reducing the risk of many chronic diseases such as cardiovascular disease, improving levels of
beneficial HDL cholesterol, and preventing the formation of blood clots. Some types of
antioxidants also help reduce the mutation of cells into cancerous cells, combat aging, and
support digestive health through their positive effect on the gut microbiome, which in turn
converts it into more effective bioactive compounds (Giurranna et al., 2024; Feldman et al., 2021;
Serino & Salazar, 2018).
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Mineral content:

The mineral composition of date sap samples (Table 5) revealed significant diversity (p<0.000)
across all tested elements. Potassium was the most abundant mineral, ranging from 435.00 to
585.50 ppm. This aligns with previous studies on Phoenix dactylifera products, which typically
identify potassium as the primary inorganic constituent. Notably, the negligible concentrations of
sodium across most samples (specifically A, D, and T) result in a high K:Na ratio, a key metric
for evaluating the cardioprotective potential of functional foods. Furthermore, the variation in
Magnesium levels—peaking at 86.50 ppm in Sample (T) suggests that different date varieties or
sap collection methods significantly influence the micronutrient density. The high Phosphorus
content in Sample TO (539.50+0.71 ppm) further distinguishes it as a potential source of dietary
minerals compared to refined sweeteners. These results indicate that date palm sap is not merely
a source of carbohydrates (as shown in Table 2) but also a complex matrix of essential minerals,
particularly for potassium and magnesium. Significant differences (P>0.05) were detected
between samples in term of mineral content, this difference may be due to the difference in

varieties, environmental conditions and soil type.

Table (5) Minerals content (ppm)

Sample P K Mg Na Ca

A 476.50+0.707°  435.00+2.828° 16.00+1.414° 0.00+£0.000° 70.25+0.04°
B 471.00+2.828°  581.50+2.121° 17.50+0.707° 1.75+0.071° 51.34%0.34°
D 381.50+2.121"  585.50+0.707° 66.50+2.121° 0.00+0.000° 61.77+0.67"
T 252.00+4.243°  442.00+2.828° 86.50+2.121* 0.00+0.000° 60.03+0.03°
TO 539.50+0.707°  499.50+0.707° 18.00+1.414° 3.30+0.141*° 56.79+0.09"
P-value 0.000 0.000 0.000 0.000 0.000
Comment S S S S S

ANOVA test (F test) was use at 0.05 significant level, * =significant different, ** = Highly significant differences

The high K:Na ratio is highly desirable in modern diets. High potassium intake is linked to

reduced blood pressure and lower cardiovascular risk, mention that date sap acts as a "natural
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electrolyte™ source (Souza et al., 2025). The mineral profile is characterized by an exceptionally
high potassium-to-sodium ratio. This suggests that date sap could serve as a functional ingredient
in hypertension-friendly diets, where low sodium and high potassium are essential for osmotic
balance. Magnesium is a cofactor for over 300 enzyme systems. Phosphorus is vital for ATP
production and bone health. Compare these to other saps (like maple or coconut sap). Usually,
date sap is richer in phosphorus than many other palm saps, which adds to its value as a nutrient-
dense beverage (Barbagallo et al., 2023). Calcium is often a limiting factor in plant-based diets.
Even at ppm levels, the presence of calcium in a liquid sweetener adds to the "ash content,”
representing higher overall mineral density compared to refined sugars. Date sap juice contains a
group of minerals necessary for human health as it is rich in potassium, which is necessary for
muscle contraction and heart health, and calcium. Date sap is also abundant in phosphorus and
magnesium (Al-Okbi, 2022).

Microbiological contamination:

The microbiological profile (Table 6) highlights a significant disparity in the microbial load
among the samples. The absence of E. coli across all treatments is a crucial indicator of the
biological safety of the sap for human consumption. However, the high Total Colony Count
(TCC) in Sample B (415x10* CFU/mI) suggests a high susceptibility to microbial proliferation,
likely due to its high nutrient density. Regarding Yeasts and Molds, Sample TO exhibited the
lowest microbial density (0.02 x10?> CFU/mI). This observation correlates strongly with the
physicochemical findings in Table 1, where TO showed the lowest pH and highest acidity. This
acidic environment likely acted as a bio-preservative, inhibiting the growth of acid-sensitive

microorganisms.

Table (6) Microbiological analysis: (CFU/ml, 10?)

Sample Total Colony Total Coliforms Yeasts and Molds E. coli
Count

A 1.03 0.69 0.73 N.D.

B 415.00 1.03 0.36 N.D.

D 21.00 5.51 0.24 N.D.
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T 1.12 0.45 0.51 N.D.

T0 1.25 N.D. 0.02 N.D.

Harper et al. (2022) and Reuben et al. (2019) confirmed that Leuconostoc spp, (one of the
fermenting lactic acid bacteria strains) showed anti-E. coli activity, which may explain the
absence of it in the date sap samples under study. Since the presence of bacteria and yeasts has a
significant impact on the fermentation of date sap and the conversion of sugars into alcohol, it
can be confirmed that contamination of date sap with bacteria and yeasts has a significant impact
on its chemical and sensory quality and suitability for consumption. According to international
guidelines for fresh juices and beverages, the absence of E. coli is a key requirement for
consumer safety, whereas elevated total microbial and yeast counts may limit shelf life and
marketability unless appropriate hygienic controls are applied. It should be noted that date sap in
Libya collected and packaged using traditional, non-sterilized containers, which likely
contributed to the observed microbial loads and may not fully reflect the intrinsic microbial
quality of freshly exuded sap. Therefore, under current traditional handling practices, fresh date
sap may pose quality and safety challenges for direct commercialization. However, the
implementation of improved hygienic collection methods, use of sterilized containers, rapid
cooling, or mild preservation treatments could significantly reduce microbial contamination and

enhance its potential as a safe and marketable fresh beverage.
Conclusion

This study has proven that date sap is a rich source of easily absorbed carbohydrates, proteins,
and essential minerals like potassium and calcium, in addition to its good content of chemically
active compounds such as phenolic compounds and antioxidants. From all of this, we conclude
that date sap juice is a unique beverage that is more than just a refreshing summer drink; it
extends to form a functional product that offers health advantages, positioning it as a potential
choice in the sustainable food and beverage industry. The study recommends the development of
strict protocols for the safety of date sap to ensure its continued production as a high-quality and
safe product for consumers, thus strengthening its position as a sustainable product with high
nutritional and functional value. Rather, it extends to form a functional product with health

benefits, making it a promising option in the sustainable beverage market. This supports its
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position as a sustainable product with high nutritional and functional value, while emphasizing

the development of effective extraction methods that do not harm the palm tree.
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Abstract

The antihyperglycaemic potential of hot water infusion of roasted Phoenix dactylifera (date
palm) seeds (HAERD) was evaluated in high-carbohydrate diet (HCD)-induced hyperglycaemic
male Wistar rats. Doses of 200 and 500 mg/kg body weight were selected based on previous
studies on date seed infusions and to establish a clear dose-response relationship. After 8 weeks
of HCD feeding to induce hyperglycaemia, rats were treated orally with HAERD (200 and 500
mg/kg), metformin (150 mg/kg), or vehicle for 21 days.HAERD produced significant dose-
dependent reductions in fasting blood glucose (p < 0.05), with the 500 mg/kg dose returning
values to near normal by Week 6. The infusion also significantly improved serum insulin
concentrations and HOMA-IR index in a dose-dependent manner (p < 0.05), approaching the
effects of metformin. Furthermore, HAERD normalized the serum lipid profile by significantly
lowering total cholesterol, triglycerides, LDL-C, and VLDL-C (p < 0.0001). It restored
antioxidant enzyme activities (SOD, CAT, GPx) and markedly reduced malondialdehyde (MDA)
levels (p < 0.0001). Treatment with HAERD also significantly decreased liver enzymes (ALT,
AST, ALP) and bilirubin levels (p < 0.0001), accompanied by recovery of total protein and
albumin. Histopathological examination revealed dose-dependent regenerative changes and near-
normal tissue architecture in the liver, kidney, and heart at the 500 mg/kg dose, comparable to the
metformin-treated group.These results demonstrate that HAERD exerts robust multi-target
metabolic benefits antihyperglycaemic, hypolipidaemic, antioxidant, and multi-organ protective
effects in HCD-induced hyperglycaemia. The 500 mg/kg dose showed efficacy approaching that
of metformin (p < 0.05). The findings support the traditional use of roasted date palm seed
infusion and its potential as a sustainable, affordable nutraceutical for managing hyperglycaemia
and associated complications.

Keywords: Phoenix dactylifera, date palm seeds, hot water infusion, high-carbohydrate diet,

hyperglycaemia, antihyperglycaemic, metformin.
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Introduction

Type 2 diabetes mellitus has emerged as one of the most pressing public health challenges
worldwide. According to the International Diabetes Federation, approximately 537 million adults
were living with diabetes in 2021, with projections estimating a rise to 783 million by 2045 (Aebi
et al., 1984). The burden is particularly severe in low- and middle-income countries, where over
80% of cases occur. In Nigeria, the prevalence has risen dramatically in recent decades due to
rapid urbanization, dietary shifts toward high-carbohydrate diets, and sedentary lifestyles. Current
estimates indicate that Nigeria has one of the highest diabetes burdens in sub-Saharan Africa,
with approximately 3 — 5 million adults affected and urban prevalence rates ranging from 5% to
10% (Uloko et al., 2018; IDF, 2021). Conventional antidiabetic agents remain the cornerstone of
therapy but have notable limitations. Metformin, the first-line drug, primarily acts by suppressing
hepatic gluconeogenesis and improving peripheral insulin sensitivity through activation of AMP-
activated protein kinase (AMPK). Sulfonylureas stimulate insulin secretion from pancreatic -
cells by closing ATP-sensitive potassium channels, leading to membrane depolarization and
calcium influx. Insulin therapy directly replaces or supplements endogenous insulin to promote
glucose uptake and inhibit hepatic glucose production. While effective, these agents are
frequently associated with adverse effects including gastrointestinal intolerance (metformin),
hypoglycaemia and weight gain (sulfonylureas and insulin), and high treatment costs, which
compromise long-term adherence, especially in resource-limited settings (Maruthur et al., 2016).
These challenges have intensified interest in natural products from traditionally used medicinal
plants, particularly those derived from underutilised agro-industrial waste. The seeds of the date
palm (Phoenix dactylifera L.), which constitute 10-15% of the fruit and are frequently discarded
as waste, have a long history of use in Middle Eastern and North African ethnomedicine for the
management of diabetes and metabolic disorders (Vayalil, 2012; Shah et al., 2023). Recent
research has highlighted the rich phytochemical profile of date palm seeds, including
polysaccharides, phenolic acids, flavonoids, and unsaturated fatty acid esters (Alkhoori et al.,
2022; Mrabet et al., 2020; Salomon-Torres et al., 2019; Manai et al., 2024). Several studies have
reported hypoglycaemic, hypolipidaemic, and antioxidant activities of date seed extracts in
streptozotocin- or high-fat diet-induced diabetic models (Hasan and Mohieldei, 2016; Khan et al.,
2018). Similar investigations on Nigerian medicinal plants such as Vernonia amygdalina and
Gongronema latifolium have demonstrated significant antinyperglycaemic and antioxidant effects
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in high-carbohydrate diet models (Atangwho et al., 2012; Okon et al., 2022). Building on
preliminary phytochemical and in silico findings showing a methyl oleate-rich profile with strong
binding to pancreatic a-amylase, the present study evaluated the in vivo efficacy of the hot water
infusion of roasted Phoenix dactylifera seeds (HAERD) in a high-carbohydrate diet (HCD)-
induced hyperglycaemia model. High-carbohydrate diet (HCD)-induced hyperglycaemia in
Wistar rats closely recapitulates key metabolic features of human type 2 diabetes, including
glucose intolerance, insulin resistance, dyslipidaemia, and oxidative stress (Skovsg, 2014). The
present study investigated the antihyperglycaemic, hypolipidaemic, antioxidant, and multi-organ
protective effects of HAERD (200 and 500 mg/kg) in HCD-induced hyperglycaemic male Wistar
rats, using Metformin (150 mg/kg) as a positive control. By evaluating glycaemic control, insulin
sensitivity, lipid profile, oxidative stress markers, liver function parameters, and histopathological
changes in liver, kidney, and heart over 21 days of treatment, this work aims to provide
comprehensive preclinical validation of the traditional use of roasted date palm seed infusion and
to explore its potential as a sustainable, affordable nutraceutical for managing hyperglycaemia

and associated metabolic complications.
Materials and Methods

Materials

Equipment

All experimental procedures, including animal housing, diet preparation, treatment
administration, biochemical assays, and histopathological evaluation, were performed using
standard laboratory equipment available at the Department of Biochemistry Laboratory, Imo
State University, Owerri, Nigeria, and the Multi-User Science Laboratory, Ahmadu Bello
University, Zaria, Nigeria. The major equipment included a Memmert oven (Germany),
Kenwood electric grinder Model BL335 (UK), Endecotts 1 mm sieve (UK), Haier refrigerator
(China), Tecniplast standard plastic cages with stainless steel wire lids (Italy), a locally fabricated
hand-operated pelleting machine, Roche handheld glucometer (Switzerland), Thermo Fisher
Scientific spectrophotometer (USA), Eppendorf refrigerated centrifuge (Germany), Leica
Microsystems rotary microtome (Germany), Olympus Corporation light microscope with digital

photomicrographic system (Japan), and Whatman No. 1 filter paper (UK).

Reagents/chemicals
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Reagents and chemicals were sourced from verified reputable suppliers and used strictly
according to the manufacturers’ instructions and within their expiry periods. The major reagents
included glucose assay kits (GOD-POD method) from Randox Laboratories Ltd. (UK), lipid
profile kits (total cholesterol, triglycerides, HDL-C, LDL-C) from Fortress Diagnostics Ltd.
(UK), liver function assay kits (ALT, AST, ALP) from Agappe Diagnostics (Switzerland),
insulin ELISA kits from Elabscience Biotechnology Inc. (USA), thiobarbituric acid reactive
substances (TBARS) reagents for malondialdehyde (MDA) assay, Ellman’s reagent (DTNB) for
glutathione determination, catalase and superoxide dismutase assay reagents from Sigma-Aldrich
(Germany), 10% neutral-buffered formalin and phosphate-buffered saline from Merck
(Germany), and analytical-grade ethanol, methanol, sulfuric acid, trichloroacetic acid, and n-

butanol from Merck (Germany).
Plant Material

Source and ldentification of Phoenix dactylifera Seeds: Dry fruits of Phoenix dactylifera (date
palm) were purchased from a reputable local market in Kano State, Nigeria. The seeds were
manually separated from the fruit pulp, thoroughly washed with distilled water to remove any
adhering fruit residues, and air-dried at room temperature. Botanical identification and
authentication were carried out by Dr C.I.N Unamba, a plant taxonomist at the Department of
Plant Science and Biotechnology (Botany), Imo State University, Owerri, Nigeria. A voucher
specimen (Voucher No.: IMSU/PSB/PHOENIX/024) was deposited in the university herbarium

for future reference.
Experimental Animals

Healthy adult male Wistar albino rats (Rattus norvegicus), weighing 106 — 163 g at the start of
the study, were procured from the Animal House Unit, Department of Anatomy, Imo State
University, Owerri, Nigeria. Upon arrival, the animals were housed in clean, well-ventilated
standard plastic cages with stainless steel wire lids and wood shavings as bedding. They were
maintained under controlled environmental conditions: temperature 22 + 2 °C, relative humidity
55 £ 10%, and a 12-h light/12-h dark cycle. The rats were allowed two weeks of acclimatization
to laboratory conditions with free access to standard rat chow (Vital Feed, Nigeria) and clean
drinking water ad libitum before the commencement of the experiment. All procedures involving

animals were conducted in accordance with internationally accepted principles for the use and
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care of laboratory animals and were approved by the Institutional Animal Ethics Committee
(IAEC).

Methods
Ethical approval

The National Institute of Health Care's Guide for the Care and Use of Laboratory Animals (NRC,
2011) was followed in this investigation. The study will comply with IACUC, NIH, and
ARRIVE 2.0 guidelines (Percie du Sert et al., 2020).

Preparation of Hot Water Infusion of Roasted Date Seeds

Dry fruits of Phoenix dactylifera were purchased from a local market in Kano State, Nigeria.
Seeds were manually separated from the pulp, thoroughly washed with distilled water to remove
residual sugars and adhering matter, and air-dried under shade at ambient temperature (25-28 °C)
for 10-14 days until constant weight was attained. The dried seeds were roasted in a controlled
electric oven at 180 °C for 25 min to reduce antinutritional factors, enhance palatability, and
improve the release of bound phenolics while preserving thermolabile bioactives (Al Juhaimi et
al., 2018; Halabi et al., 2024). After cooling, the seeds were milled into fine powder and sieved
to uniform particle size. The hot water infusion was prepared using a modified traditional
decoction method. Briefly, 100 g of roasted seed powder was added to 1 L of boiling distilled
water and maintained at gentle boiling for 60 min with occasional stirring. The mixture was
cooled, filtered through Whatman No. 1 filter paper, concentrated under reduced pressure at 40
°C using a rotary evaporator, and lyophilized to obtain a dry powder. The infusion (HAERD) was
stored in amber-coloured airtight containers at 4 °C until use. The detailed phytochemical
composition and chemical characterization of the hot water infusion of roasted Phoenix
dactylifera seeds (HAERD), including GC-MS analysis, were performed and are reported in a
separate companion manuscript submitted to the Basrah Journal of Date Palm Research

(Ekeanyanwu and Njoku-Henry, submitted).
Formulation of High-Carbohydrate Diet

A high-carbohydrate diet (HCD) was formulated to induce hyperglycaemia and insulin resistance
in Wistar rats. The basal rodent chow (Vital Feed, Nigeria) was supplemented with refined

sucrose and maize starch as primary carbohydrate sources, partially replacing protein- and fat-
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rich ingredients. Based on a study by Ble-Castillo et al., (2012) the final diet composition was
adjusted such that carbohydrates contributed about 65% of the total caloric content, while
maintaining adequate protein (19%), lipids (6%), total caloric energy (3,900 kcal/kg), and
micronutrient levels suitable for long-term feeding. All ingredients were accurately weighed,
thoroughly mixed in a mechanical blender to ensure homogeneity, moistened with warm distilled
water, and pelletized using a hand-operated pelleting machine to produce uniform cylindrical
pellets (approximately 10-12 mm diameter). The pellets were air-dried at room temperature for
12 h and then oven-dried at 50 °C for 24 h to reduce moisture content below 10%, thereby
preventing microbial growth and ensuring stability. Hyperglycaemia was induced by feeding the
HCD ad libitum for 8 consecutive weeks. Fresh diet was provided daily, and drinking water was
available ad libitum. Body weight and general health were monitored weekly. This prolonged
high-carbohydrate regimen has been shown to progressively impair glucose tolerance, reduce
insulin sensitivity, and produce sustained fasting hyperglycaemia that closely mimics early-stage
type 2 diabetes (Skovsg. 2014; Komiyama et al., 2002; Dupas et al., 2016).

Experimental design

Thirty-six adult male Wistar albino rats (106 — 163 g) were used in this study. After one week of
acclimatization, the animals were randomly assigned to six experimental groups (n = 6 per group)
using a computer-generated random number sequence to ensure unbiased allocation. The groups

were as follows:

e Group 1 (Normal control): Fed standard laboratory chow and received vehicle

(distilled water) orally.

e Group 2 (HCD control): Fed high-carbohydrate diet (HCD) and received vehicle

orally.

e Group 3 (HCD + Low-dose HAERD): Fed HCD and treated orally with hot water
infusion of roasted date palm seeds (HAERD) at 200 mg/kg body weight.

e Group 4 (HCD + High-dose HAERD): Fed HCD and treated orally with HAERD
at 500 mg/kg body weight.

e Group 5 (HCD + Positive control): Fed HCD and treated orally with metformin
(150 mg/kg body weight).
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e Group 6 (Normal + HAERD): Fed standard laboratory chow and treated orally
with HAERD at 500 mg/kg body weight (safety/toxicity control group).

Hyperglycaemia was induced in Groups 2 — 5 by exclusive ad libitum feeding of the formulated
HCD for eight consecutive weeks as previously described (Ble-Castillo et al., 2012; Skovsg,
2014). Successful induction was confirmed at the end of week 8 by measuring fasting blood
glucose levels (>150-180 mg/dL) using tail-vein sampling and a calibrated handheld glucometer.
The treatment phase lasted 21 days and commenced immediately after confirmation of
hyperglycaemia. During this period, Groups 3 — 5 continued receiving the HCD while being
administered their respective treatments once daily by oral gavage between 08:00 and 10:00 h.
The hot water infusion was freshly reconstituted in sterile distilled water immediately before
administration. The gavage volume did not exceed 10 mL/kg body weight and was adjusted daily
based on the most recent body weight. Groups 1 and 2 received the vehicle only. Group 6
continued on standard chow and received the infusion at 500 mg/kg to evaluate its effects in
normoglycaemic animals. Body weight, food intake, and fasting blood glucose levels were
monitored weekly throughout the study. Humane endpoints were predefined and included
sustained body weight loss >20% within 7 days, severe lethargy, persistent diarrhoea, impaired
mobility, or any signs of acute distress. Animals reaching these endpoints were immediately
humanely euthanized. Personnel involved in biochemical assays and histopathological evaluation
were blinded to treatment allocation wherever feasible to minimise observer bias. At the study
endpoint (day 22), animals were fasted overnight, anaesthetised with ketamine/xylazine, and
euthanised by cardiac exsanguination. Blood and major organs (liver, kidneys, and heart) were

collected for biochemical and histopathological analyses.
Induction of Hyperglycaemia

Hyperglycaemia was induced in Groups 2-5 by exclusive ad libitum feeding of the formulated
high-carbohydrate diet (HCD) for eight consecutive weeks, with free access to drinking water.
This prolonged high-carbohydrate regimen has been shown to progressively impair glucose
tolerance, reduce insulin sensitivity, and produce sustained fasting hyperglycaemia that closely
mimics early-stage type 2 diabetes (Skovsg, 2014; Dupas et al., 2016). Body weight and food

intake were monitored weekly to assess nutritional status and detect any feeding abnormalities.
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Fasting blood glucose levels were measured at baseline and at the end of week 8 using tail-vein
blood sampling and a calibrated handheld glucometer after overnight fasting (12 h, water ad
libitum). Successful induction was confirmed when fasting blood glucose reached >150-180
mg/dL. Animals that did not meet this criterion after eight weeks were excluded from the

treatment phase.
Sample Collection

At the study endpoint (day 22), animals were fasted overnight (12 h), deeply anaesthetised with
ketamine/xylazine administered intraperitoneally, and humanely euthanised by cardiac
exsanguination. Terminal blood samples were collected via cardiac puncture and immediately
transferred into appropriate tubes. Serum was obtained by allowing blood to clot at room
temperature for 30—45 min, followed by centrifugation at 3000 x g for 10-15 min at 4 °C. The
resulting serum was aliquoted and stored at —80 °C until analysis for glucose, insulin, lipid
profile, liver enzymes, and oxidative stress markers. Multiple aliquots were prepared to avoid
repeated freeze—thaw cycles. Immediately after blood collection, a midline abdominal incision
was made, and the liver, kidneys, and heart were carefully excised. Organs were rinsed briefly in
ice-cold physiological saline (0.9% NaCl), blotted dry on sterile filter paper, and weighed to
determine absolute and relative organ weights. Representative sections (approximately 1 cm3)
from each organ were fixed in 10% neutral-buffered formalin (fixative volume >10% tissue
volume) for 48 h. Fixed tissues were processed using standard histological techniques (graded
ethanol dehydration, xylene clearing, paraffin embedding), sectioned at 5 um thickness, and
stained with haematoxylin and eosin (H&E) for microscopic evaluation (Suvarna et al., 2019).
All samples were labelled with a unique animal identifier, group, sample type, and collection date

to ensure full traceability and reproducibility.
Biochemical Analysis

Biochemical analyses were performed on serum and 10% (w/v) tissue homogenates prepared in
ice-cold phosphate-buffered saline (PBS, pH 7.4) containing protease inhibitors. All assays were
conducted in duplicate using validated commercial enzymatic colorimetric or immunoassay Kits
according to the manufacturers’ protocols. Each run included multi-point calibration curves,
reagent blanks, and quality control samples to ensure accuracy and precision (intra-assay CV <
10%, inter-assay CV < 15%)).
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Fasting Blood Glucose

Fasting blood glucose was measured at baseline, weekly during the 8-week induction phase, and
at the end of the 21-day treatment using tail-vein blood sampling after overnight fasting (12 h).
Glucose levels were determined immediately with a calibrated handheld glucometer (Accu-Chek
or equivalent). For endpoint confirmation, serum glucose was quantified using the glucose
oxidase—peroxidase (GOD-POD) enzymatic colorimetric method with a commercial kit (Randox

Laboratories Ltd., UK) and measured spectrophotometrically at 505 nm (Tietz, 1995).
Serum Insulin and HOMA-IR

Serum insulin concentrations were quantified using a rat-specific sandwich ELISA kit (Mercodia
or Elabscience). The Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) was

calculated as:
HOMA-IR = [fasting insulin (uIU/mL) x fasting glucose (mg/dL)] / 405 (Kang et al., 2005).
Lipid Profile

Serum total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-
C) were measured using enzymatic colorimetric kits (Randox or Fortress Diagnostics). Low-
density lipoprotein cholesterol (LDL-C) and very-low-density lipoprotein cholesterol (VLDL-C)

were calculated using the Friedewald equation when TG < 400 mg/dL.:
LDL-C = TC — HDL-C — (TG/5)

VLDL-C = TG/5 (Friedewald et al., 1972).

2.2.7.4 Oxidative Stress Markers

Malondialdehyde (MDA) was determined as thiobarbituric acid reactive substances (TBARS)
using the method of Ohkawa et al. (1979). Superoxide dismutase (SOD) activity was assayed by
the pyrogallol auto-oxidation method (Marklund and Marklund, 1974), catalase (CAT) activity
by the Aebi method (Aebi, 1984), and reduced glutathione (GSH) using Ellman’s reagent
(DTNB) (Ellman, 1959). All results were expressed per mg protein or per mL serum after protein

quantification by the Bradford method.

Histological Examination
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Immediately after sacrifice, the liver, kidneys, and heart were harvested, gently rinsed in ice-cold
normal saline to remove residual blood, and fixed in 10% neutral-buffered formalin for 24 — 48 h.
Fixed tissues were dehydrated through a graded ethanol series (70-100%), cleared in xylene,
infiltrated with molten paraffin wax at 56 — 60 °C, and embedded in paraffin blocks. Sections
were cut at 5 um thickness using a rotary microtome, floated on a warm water bath, mounted on
glass slides, and stained with haematoxylin and eosin (H&E). Stained slides were examined
under a light microscope at x40, x100, x200, and x400 magnifications. Histopathological
evaluation focused on tissue architecture, cellular morphology, necrosis, steatosis, inflammation,
sinusoidal changes, tubular integrity, and myocardial fibre organisation. Representative
photomicrographs were captured using a digital imaging system for documentation and

qualitative comparison (Suvarna et al., 2019).
Statistical Analysis

All quantitative data were expressed as mean = standard deviation (SD). Normality of
distribution was assessed using the Shapiro—Wilk test, supplemented by visual inspection of
histograms. Statistical analyses were performed using GraphPad Prism software (GraphPad
Software, San Diego, CA, USA). Comparisons among the six experimental groups were
conducted using one-way analysis of variance (ANOVA) followed by Tukey’s honestly
significant difference (HSD) post-hoc test when the overall F-test was significant (p < 0.05).
Repeated-measures data (body weight and fasting blood glucose over time) were analysed using
two-way repeated-measures ANOVA with Sidak’s or Tukey’s post-hoc tests. A two-tailed p-
value < 0.05 was considered statistically significant. Levels of significance were denoted as *p <
0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001 versus the respective control group.

Results
Effects of Roasted Date Seed Infusion on Body Weight in Hyperglycaemic Wistar Rats

The body weight progression of Wistar rats during the six-week experimental period is presented
in Table 1. Data are expressed as mean + standard deviation. Sample size was n = 6 rats per
group during the pre-induction and induction phases (Weeks 1-3). One-way repeated-measures
ANOVA was performed separately for each group to evaluate the effect of time on body weight.
Significant time-dependent increases were observed in the normal control group (Group 1; F =
3.97, p = 0.0070) and especially in the HAERD-only group (Group 6; F = 7.82, p = 0.0001). No
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significant overall time effects were detected in the HCD control (Group 2; F = 0.39, p = 0.8504),
low-dose HAERD (Group 3; F = 2.02, p = 0.1084), high-dose HAERD (Group 4; F =1.73,p =
0.1582), or metformin (Group 5; F = 0.82, p = 0.5478) groups. During the pre-induction (Week
1) and induction phases (Weeks 2—3), body weights remained relatively stable across all groups
with only minor fluctuations. Following initiation of treatment in Week 4, progressive increases
became evident in several groups. The normal control (Group 1) showed a moderate but
consistent rise, reaching statistical significance by Week 6. Group 6 (HAERD-only, 500 mg/kg)
exhibited the most pronounced and statistically distinct stepwise weight gain (p = 0.0001),
increasing from 122.8 + 11.1 g (Week 1) to 163.4 £ 18.4 g (Week 6). Group 5 (metformin)
displayed a numerical increase from Week 4 onward with high variability, though the overall
time effect was not statistically significant. Groups 3 and 4 showed modest upward trends during
the treatment phase, while the HCD control group (Group 2) remained largely stable throughout
the experiment (p = 0.8504).

Effects of Roasted Date Seed Infusion on Blood Glucose Levels in Wistar Rats

Blood glucose levels during the six-week experimental period are presented in Table 2. During
the pre-induction (Week 1) and induction phases (Weeks 2—3), most HCD-fed groups exhibited a
significant rise in fasting blood glucose, consistent with the metabolic stress of sustained high-
carbohydrate intake. Group 5 showed the highest variability and peak value in Week 3 (180.3 +
115.4 mg/dL), largely due to an extreme individual reading. In contrast, the normal control
(Group 1) and HAERD-only (Group 6) groups maintained stable glucose levels throughout
induction. Following treatment initiation in Week 4, blood glucose levels stabilized or declined in
the HCD-fed groups, with statistically significant time effects observed in Group 2 (F =5.26, p =
0.0014), Group 3 (F = 5.85, p = 0.0009), and Group 4 (F = 2.80, p = 0.0343). The HCD control
group (Group 2) peaked at 121.7 + 5.6 mg/dL in Week 4 before returning toward baseline by
Week 6. Both low-dose (Group 3) and high-dose (Group 4) HAERD groups showed progressive
reductions, with Group 4 achieving the most consistent decline. Group 5 also exhibited a
numerical decrease, though high variability limited statistical significance. Groups 1 and 6

remained stable throughout the treatment phase.

Effect of Roasted Date Seed Infusion on Serum Insulin and HOMA-IR in Diet-Induced
Hyperglycaemic Wistar Rats
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Serum insulin concentration and the homeostatic model assessment of insulin resistance
(HOMA-IR) index are presented in Figure 1. The high-carbohydrate diet (HCD) control group
showed markedly reduced serum insulin levels (0.95 £+ 0.10 ng/mL) compared with the normal
control group (3.29 = 0.14 ng/mL, p < 0.05). Treatment with hot water infusion of roasted
Phoenix dactylifera seeds (HAERD) produced a dose-dependent increase in serum insulin. The
200 mg/kg dose raised insulin to 1.61 + 0.15 ng/mL, while the 500 mg/kg dose further increased
it to 1.93 = 0.04 ng/mL, a value comparable to the metformin-treated group (1.78 + 0.08 ng/mL).
The HAERD-only group (500 mg/kg) recorded the highest insulin level (3.81 + 0.12 ng/mL). A
parallel pattern was observed for the HOMA-IR index. The HCD control group exhibited a
significantly lower index (0.24 £ 0.02) than the normal control (0.80 + 0.04, p < 0.05). HAERD
treatment improved HOMA-IR in a dose-dependent manner, reaching 0.43 + 0.04 at 200 mg/kg
and 0.49 = 0.01 at 500 mg/kg, values similar to metformin (0.48 + 0.02). The HAERD-only
group showed the highest HOMA-IR index (0.99 + 0.03).

Serum Lipid Profile in Hyperglycaemic Wistar Rats Treated with Roasted Date Seed

Infusion

Serum lipid profile results are presented in Table 3. The high-carbohydrate diet (HCD) control
group developed significant dyslipidaemia, characterised by elevated total cholesterol (81.31 +
3.07 mg/dL), triglycerides (103.76 + 4.68 mg/dL), LDL-C (8.97 + 3.10 mg/dL), and VLDL-C
(20.75 £ 0.94 mg/dL) compared with the normal control group (p < 0.05). Treatment with hot
water infusion of roasted Phoenix dactylifera seeds (HAERD) for 21 days produced dose-
dependent improvements in the lipid profile. Both 200 mg/kg and 500 mg/kg doses significantly
reduced total cholesterol, triglycerides, LDL-C, and VLDL-C relative to the HCD control group.
The high-dose HAERD (500 mg/kg) achieved reductions comparable to the metformin-treated
group (150 mg/kg), particularly in triglycerides. The HAERD-only group (500 mg/kg)
maintained a lipid profile similar to the normal control. One-way ANOVA revealed highly
significant differences among groups for total cholesterol (F = 38.92, p < 0.0001), triglycerides (F
= 118.45, p < 0.0001), LDL-C (F = 6.78, p = 0.0009), and VLDL-C (F = 118.45, p < 0.0001),
with significant differences also observed for HDL-C (F = 7.84, p = 0.0004). Post-hoc Tukey’s
test confirmed that means with different superscript letters within the same parameter differ
significantly (p < 0.05).
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Serum Antioxidant Enzyme Activities and Lipid Peroxidation in Hyperglycaemic Wistar
Rats Treated with Roasted Date Seed Infusion

Serum antioxidant enzyme activities (GPx, SOD, and catalase) and the lipid peroxidation marker
malondialdehyde (MDA) are presented in Table 4. The high-carbohydrate diet (HCD) control
group exhibited significantly reduced GPx (32.25 + 1.71 U/L), SOD (27.75 + 1.89 U/L), and
catalase (21.75 = 0.50 U/L) activities, accompanied by elevated MDA levels (4.91 + 0.08 mg/dL)
compared with the normal control group (p < 0.0001). Treatment with hot water infusion of
roasted Phoenix dactylifera seeds (HAERD) for 21 days restored antioxidant enzyme activities in
a dose-dependent manner. The 200 mg/kg dose increased GPx to 39.00 + 1.41 U/L, SOD to 31.50
+ 1.29 U/L, and catalase to 21.00 + 1.41 U/L, while reducing MDA to 4.23 £ 0.07 mg/dL. The
500 mg/kg dose further improved these parameters (GPx 39.25 + 2.50 U/L, SOD 31.25 + 2.87
U/L, catalase 22.00 £+ 0.82 U/L) and lowered MDA to 4.14 + 0.05 mg/dL, values comparable to
the metformin-treated group (150 mg/kg). The HAERD-only group (500 mg/kg) showed the
highest antioxidant enzyme activities and the lowest MDA level (3.00 £ 0.17 mg/dL). One-way
ANOVA revealed highly significant differences among the experimental groups for all
parameters (p < 0.0001).

Serum Liver Function and Protein Profile in Hyperglycaemic Wistar Rats Treated with

Roasted Date Seed Infusion

Serum liver function enzymes (ALT, AST, and ALP) and protein profile are presented in Table 5.
The high-carbohydrate diet (HCD) control group showed significantly elevated liver enzyme
activities (ALT 92.50 + 3.70 U/L, AST 107.75 + 3.86 U/L, ALP 147.00 £ 10.20 U/L) and total
bilirubin (1.19 + 0.05 mg/dL) compared with the normal control group (p < 0.0001). Total

protein and albumin levels were also lower in the HCD control.

Treatment with hot water infusion of roasted Phoenix dactylifera seeds (HAERD) for 21 days
produced dose-dependent reductions in liver enzyme activities and bilirubin, accompanied by
recovery of total protein and albumin. The 500 mg/kg dose reduced ALT to 81.50 + 4.73 U/L,
AST to 83.75 + 3.59 U/L, and ALP to 117.50 £ 2.08 U/L, with values comparable to the
metformin-treated group (150 mg/kg). The HAERD-only group (500 mg/kg) maintained liver
enzyme activities and protein levels similar to the normal control. One-way ANOVA revealed

highly significant differences among the experimental groups for all parameters (p < 0.0001).
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Histopathological changes

Histopathological examination of the liver, kidney, and heart (H&E staining, X400 magnification)
is presented in Figure 2. The normal control group (Group 1) showed typical tissue architecture
across all organs. In contrast, the HCD control group (Group 2) exhibited clear degenerative
changes, including hepatic necrosis and fat deposition around central veins, disruption of renal
corpuscles with glomerular distortion and tubular damage, and myocardial fibre disorganization
with widened interfibrillar spaces. Treatment with hot water infusion of roasted Phoenix
dactylifera seeds (HAERD) produced dose-dependent regenerative effects. At 200 mg/kg (Group
3), partial recovery was observed with reduced necrotic areas in the liver, improved glomerular
and tubular integrity in the kidney, and decreased myocardial disarray. At 500 mg/kg (Group 4),
regeneration was more advanced and near-complete, with restoration of normal lobular
architecture in the liver, intact renal corpuscles and tubules in the kidney, and well-arranged
myocardial fibres in the heart. The metformin-treated group (Group 5) showed substantial
recovery comparable to the high-dose HAERD group. The HAERD-only group (Group 6)
displayed normal histological features across all organs with no pathological changes, confirming

the safety of the infusion at the therapeutic dose.

Table 1: Body weight progression (g) in Wistar rats with high-carbohydrate diet-induced
hyperglycaemia treated with hot water infusion of roasted Phoenix dactylifera seeds (mean

+ SD, n = 6 per group)

Week Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Week 1 (Pre) 1208 + 1182+ 1217+ 1178+ 1300 + 1228+
10.2¢ 22.00 22,10 14.10 27.00 1.1
. 1227+ 1257 + 1253+ 1175+ 1262 + 1175+
Week 2 (Induction) 9.20 9.50 19.20 1440 28.6° 13.3
. 1287 + 1187 + 1300 + 1250 + 1375+ 1317+
Week 3 (2nd Induction) 7.5 22.8 14.8 7.1 29.8 12.55
1383+ 1063 + 1374 + 1267 + 1483 + 1414 +
Week 4 (Treatment Week 1) =)o 25.88 9.0 9.8 34.7b 13.8%
1400 + 1250 + 1430+ 1308 + 1542 + 1494 +
Week 5 (Treatment Week 2) = /), 26.5° 9.75 18.6 35.6be 16.8¢
1412+ 1333+ 145.0 + 1392 + 1533+ 163.4 +
Week 6 (Treatment Week 3) 13.6° 20.72 12.20 22.5b 392 18.4¢
F value (within group) 3.97 0.39 2.02 1.73 0.82 7.82
P value 0.0070 0.8504 0.1084 0.1582 0.5478 0.0001

Values are mean + SD of body weight across six time points (n = 6 initially; reduced to n = 5 in selected groups due
to missing data). Different superscripts indicate significant differences over time (p < 0.05, repeated-measures
ANOVA with Tukey’s test).
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Table 2: Blood glucose levels (mg /dL) in Wistar rats during high-carbohydrate diet

induction and 21-day treatment with hot water infusion of roasted Phoenix dactylifera seeds

Week Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Week 1 (Pre) 1037+ 1070+ 1107+ 1165 + 1163 + 105.0
7.40 7.6° 7.30 9.0¢ 11.6° 10.3¢
: 96.2 + 99.0+ 1037+ 107.7 + 105.7 + 1025+
Week 2 (Induction) 8.82 9.5b 1270 15.00 12.6¢ 10.8¢
. 1043+ 1168+ 1228+ 126.0 = 180.3 = 1108+
Week 3 (2nd Induction) 6.8 6.0¢ 4.8 5.8° 115.4° 7.6°
1012+ 1217+ 1214z 1190+ 156.3 = 1100+
Week 4 (Treatment Week 1) 718 5.6¢ 4.1¢ 8.4u¢ 75.40 7.9
972+ 1120+ 1192+ 1148+ 129.7 109.0
Week S (Treatment Week 2) 4.3 10.8:¢ 4.0¢ 12,60 37,30 7.9
988+ 1040+ 1088+ 1053+ 1105+ 105.8 =
Week 6 (Treatment Week 3) 240 1230 8.2 12.90 17.8° 8.4
F value (within group) 1.63 5.26 5.85 2.80 1.48 0.76
P value 0.1821 _ 0.0014 _ 0.0009 0.0343 0.2248 0.5893

Values are mean + SD of blood glucose (mg/dL) (n = 6/group). Different superscripts across weeks indicate
significant differences over time (p < 0.05, repeated-measures ANOV A with Tukey’s test).
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Figure 1: Effect of hot water infusion of roasted Phoenix dactylifera seeds on serum insulin
concentration and HOMA-IR index in high-carbohydrate diet-induced hyperglycaemic
Wistar rats.

Bars represent mean + standard deviation (SD) (n = 3). Different superscript letters above the bars indicate
statistically significant differences between groups at p < 0.05, as determined by one-way analysis of variance
(ANOVA) followed by Tukey’s post-hoc multiple comparison test. The experimental groups include normal control,
high-carbohydrate diet (HCD) control, HCD + hot water infusion of roasted Phoenix dactylifera seeds (HAERD) at
200 mg/kg and 500 mg/kg body weight, HCD + metformin (150 mg/kg body weight), and HAERD only (500 mg/kg
body weight).
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Table 3: Serum lipid profile (mg/dL) in Wistar rats following high-carbohydrate diet
induction and 21-day treatment with hot water infusion of roasted Phoenix dactylifera seeds
(HAERD)

Total . )

o[BS T o oL

Group 1 (Normal Control) 59.18 +2.35¢ 43:32:—' 69.54 = 2.64¢ 41'.18315 13:2?
Group 2 (HCD) 81.31 £ 3.07% 53:221)* 10376 + 4.68 83'?170:5 Zgzgf‘f

Group 3 [2§/Eg+b|._|v’\;‘t‘§RD] (200 5 784 2.66¢ 52:88;: 83.59 + 2.84¢ 21' Fg; 13:2?
Group 4 %gﬁ;ﬁﬁ?m (GO0 25 044355 43‘59635 82.60 + 1.38¢ g'g%:f 133?
Group 5 [Met‘;‘)_\rl\r,?_i)”] (150mokg 5 1540381 5}:22;—“ 73.20 £ 1.700 ?g%j 13:2?;
bwt] (Toxictyisatery Conropy  00+34  TOE @esw2ss ST T
F-value (within group) 38.92 7.84 118.45 6.78 118.45
p-value <0.0001 0.0004 <0.0001 0.0009  <0.0001

Values are mean £ SD (mg/dL) (n = 3/group). Different superscripts within column indicate significant differences

(p <0.05, ANOVA with Tukey’s test); same letters indicate no significance.

Table 4: Serum Antioxidant Enzyme Activities and Lipid Peroxidation (MDA) in Wistar Rats
Following High-Carbohydrate Diet Induction and 21-Day Treatment with Hot Water Infusion of
Roasted Phoenix dactylifera Seeds (HAERD)

SOD Catalase MDA
Group GPx (U/L) (/L) (/L) (mg/dL)
49.75+ 36.00+ 25.00+ 3.46 +
Group 1 (Normal Control) 2 508 2 45 0.82 0.100
32.25+ 27.75% 21.75% 491+
Group 2 (HCD) 171 1.89 0.50° 0.08"
39.00+ 31.50+ 21.00+ 423+
Group 3 [HCD + HAERD] (200 mg/kg b.wt.) 141c 1.29¢ 1410 0.07¢
39.25+ 31.25+ 22.00+ 414 +
Group 4 [HCD + HAERD] (500 mg/kg b.wt.) 2 500 2 87¢ 0.82" 0.05¢
. 42.75% 31.75+ 23.00+ 4.06 +
Group 5 [Metformin] (150 mg/kg b.wt.) 0.96¢ 1710 L41e 0.07¢
Group 6 [HAERD 500 mg/kg b.wt.] (Toxicity/Safety 54.50+ 38.50+ 30.00+ 3.00+
Control) 3.70¢ 1.29: 1.414 0.17»
F-value (within group) 38.45 19.72 42.18 156.89
p-value <0.0001 <0.0001 <0.0001 < 0.0001

Values are mean = SD (n = 6/group). Different superscripts within columns indicate significant differences (p < 0.05,

ANOVA with Tukey’s test); same letters indicate no significance.
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Table 5: Effect of Hot Water Infusion of Roasted Date Palm Seeds (HAERD) on Serum Liver
Function Indices and Protein Profile in High-Carbohydrate Diet-Induced Hyperglycaemic Wistar

Rats

Group ALT AST ALP PTrgtt:i'n Albumin  Globulin Bm‘:ﬁin

(U/L) (U/L) (U/L) (g/dL) (g/dL) (g/dL) (mg/dL)
Group 1 (Normal Control) 22.00 = 30.25 67.50 = 545+ 284+ 261+ 0.65+
2.162 2.062 2.38 0.162 0.062 0.102 0.042
Group 2 (HCD) 92.50 + 107.75+ 147.00 £ 5.05% 237+ 2.68 £ 119+
3.70b 3.86° 10.20v 0.11° 0.11°b 0.042 0.05°b
Group 3 [HCD + HAERD] 82.75 9150+ 122.25% 555+ 3.01% 2.69 1.07 +
(200 mg/kg b.wt.) 2.87¢ 1.29¢ 5.38¢ 0.14 0.02¢ 0.20° 0.07¢
Group 4 [HCD + HAERD] 81.50 = 83.75+ 11750 5.65 3.01% 2.64 £ 1.03
(500 mg/kg b.wt.) 4.73¢ 3.59¢ 2.08¢ 0.13 0.06¢ 0.18 0.05¢
Group 5 [Metformin] 79.25 80.25+ 110.25 5.63 2.99 261+ 0.94 £
(150 mg/kg b.wt.) 2.75¢ 2.63¢ 2.22¢ 0.152 0.03¢ 0.15# 0.04¢
ﬁg}ﬁg g m?ERD 500 2325+ 2800+ 6900+ 675+ 3.24 + 351+ 064+
: : a a a a c b a

(Toxicity/Safety Control) 2.22 2.16 5.10 0.24 0.09 0.25 0.02

F-value (within group) 412.18 678.94 312.76 28.45 45.72 9.83 98.76

p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Values are mean + SD of liver function indices (n = 4/group). Different superscripts indicate significant differences

among groups (p < 0.05, ANOVA with Tukey’s test). Group 6 was the HAERD-only toxicity control (500 mg/kg, no

HCD).
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Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(Normal (HCD) [HCD + | [HCD + | [Metformin] | [HAERD]
Control) HAERD] HAERD] (150 mg/kg | (500 mag/kg
(200 mg/kg | (500 mg/kg | b.wt.) b.wt.)
b.wt.) b.wt.)
pheit

liver

Figure 2: Histology of the liver, kidney and heart of Wistar rats with high-carbohydrate
diet-induced hyperglycaemia treated with hot wer infusion of roasted date (HAERD) seeds
(400 x).

CV, central vein; DT, distal convoluted tubule; G, glomerulus; H, hepatocytes; H&E,
hematoxylin and eosin; MFB, myofibrils; MFS, myofibrillar spaces; N, nucleus; NF, necrotic
formations; PT, proximal convoluted tubule; RC, renal corpuscle; SS, sinusoids; HCD, high-

carbohydrate diet; HAERD, hot water infusion of roasted Phoenix dactylifera seeds.

Discussion

The present study demonstrates that the hot water infusion of roasted Phoenix dactylifera seeds
(HAERD) exerts significant dose-dependent antihyperglycaemic, insulin-sensitizing,
hypolipidaemic, antioxidant, and multi-organ protective effects in high-carbohydrate diet (HCD)-
induced hyperglycaemic Wistar rats. At the higher dose of 500 mg/kg, HAERD significantly
reduced fasting blood glucose levels (p < 0.05), increased serum insulin concentration, improved
the HOMA-IR index, normalised the serum lipid profile, restored antioxidant enzyme activities
(GPx, SOD, and CAT), and decreased malondialdenyde (MDA) levels. These effects were
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largely comparable to those of the standard antidiabetic drug metformin (150 mg/kg). The
infusion-only group maintained normal biochemical and histological parameters, confirming the
safety of HAERD at the tested dose. HAERD treatment produced progressive and significant
reductions in fasting blood glucose, with the 500 mg/kg dose achieving near-normal values by
the end of the 21-day treatment period. This antihyperglycaemic effect was accompanied by a
dose-dependent increase in serum insulin levels and marked improvement in the HOMA-IR
index, indicating enhanced insulin sensitivity. Concurrently, HAERD ameliorated HCD-induced
dyslipidaemia by significantly lowering total cholesterol, triglycerides, LDL-C, and VLDL-C (p
< 0.0001). These metabolic benefits were supported by strong antioxidant activity, evidenced by
the restoration of endogenous antioxidant enzymes and substantial reduction in lipid
peroxidation. The infusion also exerted hepatoprotective effects, as shown by significant
decreases in ALT, AST, and ALP activities, reduced bilirubin levels, and recovery of total
protein and albumin. Histopathological examination provided morphological corroboration of the
biochemical findings. HCD feeding caused hepatic steatosis and necrosis, renal glomerular and
tubular damage, and myocardial fibre disorganization. Treatment with HAERD, particularly at
500 mg/kg, resulted in clear dose-dependent regeneration, restoring near-normal tissue
architecture in the liver, kidney, and heart, comparable to the metformin-treated group. The
observed multi-target effects can be attributed to the phytochemical constituents of HAERD.
Methyl oleate, the major compound in the infusion, showed strong binding affinity to pancreatic
a-amylase (—7.2 kcal/mol), suggesting inhibition of carbohydrate digestion and reduced intestinal
glucose absorption. Controlled roasting at 180°C enhances the release of bound phenolics and
lipophilic compounds while generating Maillard reaction products with potent antioxidant
properties (Al Juhaimi et al., 2018; Halabi et al., 2024). Phenolic compounds and unsaturated
fatty acid derivatives likely act synergistically to scavenge reactive oxygen species, preserve 3-
cell function, and improve insulin signalling pathways (Alkhoori et al., 2022; Hasan and
Mohieldein, 2016). This multi-target mechanism explains the simultaneous improvement in
glycaemic control, insulin sensitivity, lipid metabolism, and organ protection. The HCD model
employed in this study is particularly relevant because it closely mimics the diet-induced insulin
resistance and progressive metabolic dysfunction seen in early-stage human type 2 diabetes,
unlike chemical-induced models that cause rapid B-cell destruction (Skovsg, 2014; Ble-Castillo et
al., 2012; Dupas et al., 2016). The ability of HAERD to counteract these changes highlights its

potential for use in preventive and early-intervention strategies against metabolic disorders. The

123



Basrah Journal of Date palm Research, 2026, 25(1):105-129 129-105:(1)25.2026 . 30ill dlsi &lasd 3pag! dlae

present findings are consistent with previous reports demonstrating the hypoglycaemic,
hypolipidaemic, and antioxidant activities of date palm seed infusions in different diabetic animal
models (Mrabet et al., 2020; Hasan and Mohieldein, 2016). However, this study advances
existing knowledge by utilising a traditionally relevant hot water infusion of roasted seeds in a
high-carbohydrate diet model that reflects common dietary patterns in many African populations.
It also complements findings from other Nigerian medicinal plants such as Vernonia amygdalina
and Gongronema latifolium in similar models (Atangwho et al., 2012; Okon et al., 2022). Key
strengths of this study include the use of a highly relevant diet-induced model, comprehensive
evaluation of glycaemic control, insulin sensitivity, lipid profile, oxidative stress, liver function,
and multi-organ histopathology, as well as the valorisation of an abundant agro-industrial waste.
Limitations include the exclusive use of male rats, the relatively short treatment duration (21
days), calculation of LDL-C using the Friedewald formula, and the lack of molecular gene
expression studies on pathways such as AMPK, GLUT4, or Nrf2. Future studies should address
these gaps through longer-term experiments, inclusion of both sexes, inflammatory cytokine
profiling, and clinical trials. The present study has some limitations that should be considered
when interpreting the results. First, the study was conducted exclusively on male Wistar rats to
minimise variability associated with the female estrous cycle. This precludes evaluation of
potential sex differences in response to HAERD. Second, the treatment duration was limited to
21 days, which, while sufficient to demonstrate efficacy in this proof-of-concept study, may not
fully reflect the long-term efficacy, safety, or sustainability of the extract in a chronic condition
such as type 2 diabetes. Third, LDL-C values were calculated using the Friedewald formula
rather than direct measurement, which may introduce some estimation errors. Furthermore, this
study did not investigate the molecular mechanisms underlying the observed effects (e.g.,
expression of AMPK, GLUT4, or Nrf2) or profile key inflammatory cytokines such as TNF-a

and IL-6. These important aspects warrant further investigation in future studies
Conclusion

In conclusion, the hot water infusion of roasted Phoenix dactylifera seeds (HAERD) exhibits
robust multi-target efficacy in mitigating HCD-induced hyperglycaemia, insulin resistance,
dyslipidaemia, oxidative stress, and tissue injury in Wistar rats. At 500 mg/kg, HAERD produced
metabolic improvements approaching those of metformin. By transforming discarded date palm

seeds into a safe, effective, and culturally acceptable nutraceutical, this study supports sustainable
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approaches to managing type 2 diabetes and associated complications. Further mechanistic,
bioactivity-guided, and clinical investigations are warranted to fully establish the therapeutic
potential of HAERD.
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Abstract

Fertigation, the application of fertilizers with water through an irrigation system, has emerged as
an effective approach to enhance nutrient and water-use efficiency in date palm. This review
highlights current progress in applying the fertigation technique to improve date palm growth,
yield, fruit quality, and sustainability in arid and semi-arid environments. The review covers
various water-soluble fertilizers, their impact on nutrient availability in the soil around the roots,
and different fertigation techniques. Beyond this, the review also highlights the roles of water
conservation and environmental protection by minimizing nutrient loss and enhancing fertilizer
management through fertigation. The technology-related constraints, such as water quality,
emitter clogging, and management, are also reviewed. In general, the results of this study indicate
that fertigation can be a potential technique for sustainable date palm production when

combined with good irrigation and nutrient management practices.

Keywords: Fertigation, date palm nutrition, drip irrigation, water-soluble fertilizers, nutrient use

efficiency.
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Introduction

Date palms (Phoenix dactylifera L.) are a globally cultivated crop and a major agricultural
commodity in many arid and semi-arid regions of the world, with both economic and cultural
significance (Shareef et al., 2022). The actual temperature is better suited to hot conditions and
low rainfall, which means they require adequate watering to achieve yield. To address this issue,
fertigation has been suggested, as it allows nutrient applications to be synchronized with the
growth phases of date palm, thereby increasing fertilization efficiency and improving crop
performance (Dhaouadi and Haj-Amor, 2025). Fertigation is an agricultural technique that uses
irrigation to deliver water-soluble fertilizers to the root zone of plants, ensuring they are applied
quickly and with sufficient soil moisture (Ghosh et al., 2025). Such an innovative practice is now
widely adopted because it can enhance both water and nutrient management simultaneously—
very useful in parts of the world with limited access to irrigation. Fertigation is the combination
of fertilization and irrigation (Ali, 2012) and refers to nutrient supply through this method, which
also has moistening effects on crops. A fertigation system is an advanced approach that delivers
fertilizers through irrigation media, offering scope for sustainable agriculture. Finally, one of the
most important advantages of fertigation is that applying nutrients directly in the root zone
minimizes nutrient losses through leaching and runoff, which are more common with
conventional practices. Treatment of specific nutrients can support maximum plant growth and
minimize environmental pollution associated with conventional fertilizers (Kaur et al., 2025).
Rationalizing irrigation water consumption while mitigating environmental impacts is a pressing
challenge in arid date palm cultivation, where water scarcity and salinity threaten productivity
and ecosystem health. Fertigation offers a powerful strategy to address these dual concerns
(Alhamd, 2024). First, fertigation synchronizes water and nutrient supply with the tree’s actual
physiological demand. Traditional flood or furrow irrigation often applies excessive water to
ensure adequate nutrient distribution, leading to deep percolation, runoff, and leaching of nitrates
and phosphates into groundwater (Sun et al., 2023). In contrast, drip-based fertigation applies
water directly to the root zone in controlled volumes, minimizing evaporation and eliminating
over-irrigation (Cetin & Akalp, 2019). For date palms, which have shallow but extensive root
systems, this ensures that moisture and essential elements (e.g., nitrogen, potassium, and
magnesium) are available precisely during critical growth stages—flowering, fruit set, and
ripening. Consequently, overall irrigation water consumption can be reduced by 30-50%
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compared to conventional methods without compromising yield or fruit quality (Mazahrih et al.,
2018). Second, fertigation mitigates key environmental impacts associated with date palm
agriculture. Salinization, which occurs when excess irrigation raises the water table and leaves
behind salts as water evaporates, is reduced because efficient water delivery limits deep drainage
and salt accumulation in the root zone (Farag et al., 2025). Controlled nutrient application also
prevents fertilizer runoff, which can degrade aquifers and surface water bodies through
eutrophication. Advanced fertigation systems allow the use of saline or brackish water—common
in many date-growing regions, such as the Middle East and North Africa—by adjusting fertilizer
formulations and leaching fractions, thereby reducing pressure on freshwater resources and
preserving natural ecosystems. Moreover, higher nutrient uptake efficiency means lower total
fertilizer volumes are needed, which reduces greenhouse gas emissions from fertilizer production
and transport (Alnajjar et al. 2020). In practice, rationalizing irrigation via fertigation in date
palm orchards requires careful design: soil moisture sensors, evapotranspiration-based
scheduling, and periodic monitoring of electrical conductivity (EC) and pH in the root zone
(Mazahrih et al., 2018). Split applications of nitrogen, for instance, can reduce nitrous oxide
emissions compared to single heavy doses. The shift also encourages the use of biodegradable or
controlled-release fertilizers, further lessening environmental persistence. When combined with
mulching or cover cropping, fertigation can improve soil structure and carbon sequestration,
enhancing orchard resilience to climate change. Fertigation systems can thus provide functional
solutions to address operational constraints, maintaining soil nutrient levels while reducing

external crop inputs (Xing and Wang, 2024).

This literature review summarizes the features that contribute to the positive effects of fertigation
in date palms and then describes the methods and requirements for applying this practice. This
article presents selected case studies to demonstrate how fertigation can improve the productivity
and agricultural sustainability of date palms in arid zones. In doing so, we underscore the need to

practice resource-conserving crop management and sustainable production systems.
Fertigation vs Other Fertilization Methods

Fertigation is a method of delivering nutrients to crops through an irrigation system. A distinction

iIs needed between fertigation, foliar spray fertilization, and ground fertilization in order to
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determine the appropriate technique for date palm crops. Key characteristics of each method for

comparison are presented in Table 1.

Table 1. Comparison of Fertigation with Other Fertilization Methods

Feature Fertigation FOllé}r‘ Spray Ground Fertilization
Fertilization
Nutrients are mixed . .
ot Nutrients are applied
with irrigation . . )
. Nutrients are sprayed directly to the soil
. water and delivered .
Application Method . directly onto the leaves surface or
directly to the root . : . . )
S for immediate absorption.  incorporated into the
zone via drip or soil
sprinkler systems. '
. Moderate to high .
: Very high (up to . &, Variable, often lower
Nutrient Uptake o . depending on leaf surface .
) 95%) due to direct . due to leaching and
Efficiency . area and environmental
root zone delivery. . runoff.
conditions.
Low water Environmental conditions
) such as humidity and A variable can lead to
consumption; .
Water Usage . . temperature may water waste if not
synchronized with . :
L influence absorption managed properly.
1rrigation.

efficiency

Cost-Effectiveness

High; reduces
fertilizer and water
use, leading to
lower overall costs.

Moderate; can be cost-
effective for
micronutrient
applications but may
require frequent
applications.

Variable; initial costs
can be high, and
efficiency depends on
soil conditions.

Low; minimizes

Moderate; potential for

Higher levels can lead

Environmental runoff and nutrient . to nutrient leaching
. leaf burn and runoff if not
Impact leaching into . and groundwater
applied correctly. ..
waterways. contamination.
. Variable; can be labor-
Moderate; requires . . . . .
High; often requires intensive depending
Labor setup and manual application and on application
Requirements maintenance of PP pp

irrigation systems.

careful monitoring.

methods and soil
preparation.

Best Use Cases

Ideal for water-
sensitive crops,
such as date palms,
in arid regions.

Effective for quick
correction of nutrient
deficiencies; useful for
micronutrients.

Best for establishing
nutrient-rich soil
conditions prior to
planting.
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Benefits of Fertigation
Enhanced Nutrient Efficiency

Fertigation delivers nutrients directly to the root zone, significantly improving fertilizer use
efficiency compared to conventional broadcast or furrow application. Studies demonstrate that
under controlled conditions—depending on the specific nutrient (e.g., nitrogen, phosphorus, or
potassium), crop type (such as date palms), soil properties, and irrigation scheduling—uptake
efficiencies can exceed those of traditional methods, often reaching very high levels (e.g., over
90% for nitrogen in drip-irrigated systems) (Sarma et al., 2023). This precise input matching
minimizes fertilizer waste, reduces leaching losses, lowers farmers’ input costs, and enables crops
to perform at their optimal potential. However, reported efficiency values must be interpreted
within the context of the experimental conditions, as they vary with nutrient mobility, root

distribution, and environmental factors.
Water Conservation

Fertigation saves water and reduces leaching by synchronizing water with nutrient supply (Sood
et al., 2025), an important benefit in areas with limited water resources. This is particularly
important in regions with limited water resources, especially in arid and semi-arid environments,

to make crop cultivation resilient to climatic stress.
Soil Health Preservation

Fertigation contributes to soil health by enabling precise, controlled nutrient delivery, reducing
the risks of nutrient imbalance, salinity buildup, and leaching associated with conventional
fertilization. It also supports better nutrient distribution in the root zone, promoting improved root
development and soil conditions. When combined with organic amendments, fertigation may
enhance soil organic matter, structure, and water-holding capacity, thereby supporting long-term
soil fertility and sustainable agricultural production (Xing et al., 2025).

Environmental Protection

Fertilizer management reduces the pollution potential of groundwater, particularly nitrate levels
that are deleterious to human health when drinking water from aquifers contaminated with
fertilizers; therefore, reducing fertilizer leaching plays a positive role in reducing agriculture's

negative impact on water resources (Singh and Craswell, 2021). Fertigation reduces the risk of
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nutrients leaching into waterways, safeguarding sensitive aquatic habitats and helping to prevent

eutrophication.
Cost-Effectiveness

According to Adamo et al. (2025), when these benefits are combined, they can substantially
reduce agricultural input costs by reducing fertilizer use, water consumption, and labor. Simply
applying the required amount of fertilizer prevents resource waste and enhances benefits to
farmers. This economic benefit plays an important role in attracting smallholder farmers who

may have limited resources.
Enhanced Crop Resilience

Fertigation provides a steady supply of nutrients to plants, helps develop a consistent growth
profile, and aids the cropping system in combating disease and pests (Sneha et al., 2025). In fact,
this is a critical moment in date palm cultivation, and nutrient deficiencies increase the

susceptibility to various plant pathogens, leading to reduced yield and quality.
Methods of Fertigation

This could occur indirectly through several modes of fertigation tailored to the requirements of

agriculture:
Drip Irrigation

With this technique, fertilizers can be applied to the plant's root zone, and the nutrients remain
available to the plant. Drip irrigation systems operate simultaneously, supplying water and
nutrients, keeping plants in optimal growth conditions, which ultimately contributes to high
efficiency (Al-Nawaiseh, 2025).

Spray Irrigation

Some fertilizers are also applied to the foliage of a target plant via the air for rapid nutrient
uptake. In this method, a metric departure mechanism for micronutrients is designed, with the
recipient consuming small amounts of them after the onset of apparent nutrient deficiency
(Shareef et al., 2022).
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Tank Mixing

Different fertilizers are usually mixed in water tanks before application, ensuring that the
resulting solution has consistent chemical properties and that the compounds remain soluble and
do not precipitate. This approach allows multiple fertilizers to be applied in a single fertigation
event, thereby increasing nutrient diversity and balancing plant nutrient levels (Aisham and
Rahim 2019). Proper mixing protocols—such as maintaining appropriate pH, avoiding
incompatible fertilizer salts (e.g., calcium with sulfates or phosphates), and using sequential
injection—are essential to prevent emitter clogging and ensure uniform nutrient delivery to the

root zone.
Nutrient Considerations
Primary Nutrients

The high frequency of N application by fertigation and their low application rates for P, as very
little is applied through fertigation due to precipitation, with the high concentrations of Ca and
Mg present in the waters. Table 2: Examples of K nutrients that can also be applied in this way,

with some macronutrients.

Table 2. Suitable fertilization method as fertigation for the primary nutrients of date palms

Nutrient Function Recommended References
Application Method

Nitrogen (N) Promotes vegetative Drip irrigation Brewer et al. (2018)
growth

Phosphorus (P) Supports root Foliar spray Gorlach and Muhling
development (2021)

Potassium (K) Enhances fruit quality Drip irrigation Ghazzawy et al. (2023)

Calcium (Ca) Strengthens cell walls  Foliar spray Shareef and AlLarab

(2025)

Magnesium (Mg) Aids in  Drip irrigation Salama et al. (2014)

photosynthesis
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Secondary and Micronutrients

Biofortification of iron (Fe), manganese (Mn), and zinc (Zn). These three micronutrients are the
most critical overall for maximum growth (Ahmed et al., 2024). These can be applied through
fertigation or foliar sprays to remedy deficiencies and ensure the plants have access to all

required elements for success.
Fertigation Strategies
Nutrient Availability

Fertigation maximizes the availability of these essential nutrients to date palms. This approach
requires scheduling and intensity based on suitable crop requirements at different growth stages
(Ashrafi et al., 2020).

Fertigation Frequency

Typically, these Fertigation applications are done based on the crop growth stages. Previous
studies indicate that split applications during the growing season can enhance nutrient use
efficiency and minimize leaching losses. This method provides a continuous supply of nutrients,

enabling uniform growth (Cai et al., 2023).
Monitoring Soil and Water Quality

For successful fertigation, soil and water quality must be monitored regularly. Soil nutrient levels
and irrigation water quality are suitable for the types and rates of fertilizer being used. This type
of proactive management aims to provide sufficient crop nutrition while reducing risk (Pibars et
al., 2022).

Challenges and Solutions

Clogging: Calcium or magnesium at sufficiently high concentrations can cause phosphorus to
precipitate, clogging our drip emitters. Frequent system flushing can alleviate this issue, and the
addition of acidifiers can keep mineral deposits low while keeping the irrigation system
operational (Dehghanisanij et al., 2025). Manganese ions (Mn2*) have been shown to mitigate
clogging issues associated with phosphorus fertilization in drip irrigation emitters (Xu et al.,
2025). The proposed mechanism involves Mn2* binding with phosphate ions to form soluble

complexes or altering the crystallization kinetics of calcium phosphate precipitates—common
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clogging agents—thereby reducing their deposition within emitter channels. However, the extent
of this effect depends on water quality parameters such as pH, bicarbonate concentration, and the
presence of other divalent cations (e.g., Ca2*, Mg?*). Thus, while MnZ* can reduce clogging risk,
it is not a universal solution but rather one component of an integrated anti-clogging strategy for
fertigation systems. Fertigation mitigates soil salinity in date palm orchards primarily by enabling
precise, localized water application that minimizes deep percolation and capillary rise of saline
groundwater (Suhim et al., 2017). Traditional flood irrigation often supplies excess water, raising
the water table and drawing salts upward as water evaporates from the soil surface. In contrast,
drip-based fertigation delivers water and fertilizers directly to the root zone at rates matching the
palm’s evapotranspiration demand, thereby reducing the upward movement of salts. Moreover,
fertigation allows growers to apply a controlled “leaching fraction”—a small surplus of water that
dissolves accumulated salts and carries them below the root zone without wasting significant
water. The continuous, low-volume irrigation also maintains a stable soil moisture regime,
preventing the extreme drying cycles that concentrate salts near the roots. Additionally,
fertigation can be integrated with saline or brackish water by adjusting fertilizer blends (e.g.,
increasing calcium and magnesium) to counter sodium toxicity and improve root osmotic
balance. Over time, these practices lower the electrical conductivity (EC) of the root-zone soil

solution, enhancing date palm growth, fruit yield, and long-term orchard sustainability.
Fertigation Compatible — Incompatible Fertilizers

Fertilizers adapted to this type of use can also be highly soluble or compatible with the irrigation
system, facilitating their application by drip irrigation and, in some cases, by foliar application.
The nitrogen sources listed in numerous descriptions include urea, ammonium nitrate, and
calcium ammonium nitrate for proper vegetative development, fruit fullness, and potential
problems such as soil acidification (due to the calcium). Also, potassium nitrate provides a
completely soluble, bioavailable nutrient source without chloride toxicity. Ammonium
polyphosphate qualifies as a soluble phosphorus source, but caution is warranted, and it must be
closely monitored during mixing and application due to its high potential for runoff. Instead,
(suitable under specific conditions) fertilizers are mostly eliminated from the list because they
create either operational or agronomic issues. Ammonium sulfate is not recommended in this
case due to its potential to cause salinity hazards and plant toxicity. Feed-grade superphosphate,
which is very soluble in water, and triple superphosphate will not be adequate for use because
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they may contain significant insoluble fractions, leading to clogging of irrigation emitters or
sedimentation. A potassium chloride recommendation with its high salt index will be deleterious
to yield and toxic to sensitive crops. Drip irrigation is used to prevent sodium ions from
precipitating calcium nitrate; on the other hand, calcium nitrate is problematic since it can
actually precipitate calcium out of fertigation water. Finally, the tables highlight that a successful
fertigation track record requires the use of soluble fertilizers to reduce clogging risks and to
mitigate the effects of terrestrialization and precipitation events. These fertilizers, divided into
three categories: very appropriate, suitable, and unsuitable for the fertigation of date palm, are

summarized in summary tables with their chemical analysis (Tables 3 and 4).

Table 3. Suitable Fertilizers in the Fertigation of Date Palm

Application Method

- I Drip .
Fertilizer Type Description L
yp p irrigation Foliar spray
Nitrogen pr?n:?)rtlg flzlguet;z;ve (MeiZ:Ihrlh Murad and Al
Fertilizers growth and fruits 2018) Dulaimy (2021)
Calcium Combines nitrogen and .
. . g .. (Jasim et .
Ammonium calcium, preventing soil Jasim et al. (2016)
. e al., 2016)
Nitrate acidification
Urea

Liquid fertilizer with (Kassem,

Amr.nonlum high nitrogen content 2012) El-Salhy et al. (2024)
Nitrate
Potassium Provides potassium (El-Salhy
Nitrate without chloride etal., Elsayd et al. (2018)
toxicity 2024)
Ammonium Soluble phosphorus  (Chtouki Fasal et al. (2014)
Polyphosphate source, used  with et al.,
caution 2024)
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Table 4. Not suitable Fertilizers in the Fertigation of Date Palm

Fertilizer Type Reason for Unsuitability References

) High risk of salinity and potential
Ammonium Sulfate o Buck et al. (2020)
toxicity to plants

Contains insoluble forms that can Muhammad et al.
Superphosphate )
clog emitters (2021)
Potassium Chloride A high salt index can cause toxicity Watanabe et al.
(KCI) in sensitive crops (2017)
) _ Can lead to precipitation issues in Carina and Silva
Calcium Nitrate ) _
high-calcium waters (2017)
Triphosphate High insoluble content leading to

. ) ) Ma et al. (2020)
Fertilizers sedimentation

Fertigation in Date Palms Research

The most common date palm fertigation systems include drip fertigation, micro-sprinkler
systems, etc. Studies on split nitrogen applications for the same crops in a similar irrigation cycle
showed increases of 20-30% in yields compared to conventional schemes (Mahgoub et al.,
2017). All studies assessed multiple fertigation approaches for date palms, using combinations of
methods and inputs to address salinity issues and increase productivity. Mazahrih et al. (2018)
compared three fertilizer application methods: continuous fertigation via a hydraulic injector
(Dezetron), manual surface broadcast application 3 times a year, and a conventional bypass tank
system delivering annual NPK (20:20:20) rates per tree via a drip irrigation schedule. The effect
of nano-fertilizer (1Q Combi at 0, 0.5 and 1 g L™*) or Disper Osmotic fertilizer (0, 1 and 2 g L™)
was compared on growth and yield of two date palm cultivars by three times application through
irrigation water in time of pollination; four weeks later (after the first application); eight weeks
later by using 60 liters/palm as described by Abd et al. (2020) and Altemimy et al (2019). As
another method of ameliorating salinity impact, Alturki (2020) used deionized water and saline
(50-200 mM NaSO,)+Ca(NO3), (0-20mM) solutions to irrigate three-year-old date palms in a
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20-week experiment. Finally, Alnajjar et al. (2020) found that salinity was mitigated by adding

the industrial isomer Neutra-Sol-335 at 1.5 L per 200 L of water to the irrigation tank throughout

the month (see Table 5).

Table 5. Effect of fertigation of mineral nutrients on date palm

Treatment

Nutrients  Concentrations date Cultivar Details References
st Madjool, .
NPK (1kgof N, 0.5 L Sacchari, increases in yield Mazahrih
oA kgP,and 1.5kg December i . et al.
(20:20:20) Sggaa, and  and fruit quality
K per tree (2018)
Kheyarah
Increased
nano- percentage of hold Altemim
- 0,05,and1g st Khastawi  fruits, increase in y
fertilizer 1 1> March ) : . et al.
(1Q Combi) L and Zahdi  fruit flesh Welght, (2019)
length, and weight
of fruits
bio- Increased
nutritious _ percentage of hqld Altemimy
. 1 st Khastawi fruits, increase in
Disper 0,1,and2gL 1> March ) : . et al.
. and Zahdi  fruit flesh weight,
Osmotic | - (2019)
GS ength, and_welght
of fruits
nano- Increased leaf
- 0,0.5,and1g st Khastawi  content of N, Pb, K,  Abd et al.
fertilizer 1 1> March i
(10 Combi) L and Zahdi  and Ca, decreased (2020)
Na and Cl
nutt::'([)i;)us Increased leaf
. 1 st Khastawi  content of N, Pb, K,  Abd et al.
O[;Irfli())iirc 0,1 and2gL 1™ March and Zahdi  and Ca, decreased (2020)
GS Na and CI
Neu§r3a5-sol- Monthly for Increasing offshoot
industrial 15Lper200L ayear with Chincha height, trunk Alnajjar et
salinit of water irrigation pehap diameter, and root  al. (2020)
enhanc}e/r water spread
NaCl 50, 100, 150 Enhanced
and 200 (mM) chlorophyll content
1 April Offshoots and reduced the Alturki,
Ca(NO3),; 0, 5,10 and 20 P not known accumulation of Na (2021)
mM and Cl in plant
parts.
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Challenges of Fertigation Applications

Modern fertilization practices for date palms, relying exclusively on chemical fertilizers, pose a
significant challenge to the crop's productivity because of the complexity and interplay among
numerous factors in the fertilization system. Fertilizer contamination is already one of the most
pressing environmental and public health challenges we face. This contamination manifests in
various ways, including nutrient leaching from soil into adjacent aquatic ecosystems, leading to
water degradation, eutrophication, and oxygen-consuming algal blooms that kill aquatic
organisms. This negative impact can be mitigated by maintaining a balance between the quantity
of nutrients applied to the plant and their actual availability for absorption. One more major issue
is over-fertilization and its adverse effects. Excessive fertilizer applications—beyond what the
crop requires—can elevate certain nutrients to toxic concentrations, harm plant health, and create
soil chemical imbalances. Over-fertilization weakens date palms, reduces their physiological
efficiency, and increases production costs without agronomic benefits. Therefore, more stage-
specific fertigation practices must be developed, based on continuous soil analysis and real -time
monitoring of tree nutrient demand. The goal is to supply nutrients precisely in line with crop
uptake curves—meeting, but not exceeding, the palms’ nutritional requirements (i.e., avoiding
both deficiency and toxicity). Furthermore, the soil of many date palm farms is deficient in
various essential nutrients, either due to long-term depletion or improper fertilizer application
methods. Deficiencies of iron, magnesium, and potassium may limit palm growth and reduce
fruit quality. A balance between nutrient needs and availability is a prerequisite for sustaining
date palm cultivation, and providing adequate fertilization protocols requires updated knowledge
among farmers. As is clear, there is a need to work together across all stakeholder groups —
public and private sectors — to create a joint initiative for the sustainable production of palm

resources, so that forests are protected against conversion.
Recommendations

To advance fertigation research and extension for date palms, researchers and agricultural
extension services should prioritize developing cultivar-specific nutrient uptake curves that
define the dynamic demands for nitrogen, phosphorus, potassium, and magnesium across key
phenological stages—pollination, fruit set, kimri, rutab, and tamar. Long-term field trials are

needed to validate the anti-clogging efficacy of manganese ions (Mn2*) under real irrigation
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conditions, particularly in high-carbonate waters, while also quantifying environmental trade-
offs such as nitrous oxide emissions and overall life cycle impacts. Additionally, integrated
protocols for the use of saline or brackish water in fertigation—including appropriate fertilizer
blends and leaching fractions—must be developed to support date palm cultivation in arid
regions. For farmers and orchard managers, the effective adoption of fertigation hinges on real-
time monitoring tools. Installing soil moisture and electrical conductivity (EC) sensors enables
dynamic scheduling that prevents both over-irrigation (which leaches nutrients) and under-
irrigation (which concentrates salts). Split applications of nitrogen and potassium—divided into 4
to 6 weekly or bi-weekly doses during active growth—should replace single annual applications
to match palm uptake and reduce leaching. To prevent emitter clogging, acidifying agents (e.g.,
phosphoric or nitric acid) should be injected to maintain a drip line pH between 6.0 and 7.0,
especially when water has high bicarbonate or calcium content. Proper tank mixing is essential:
avoid combining calcium nitrate with sulfates or phosphates in concentrated stock solutions, and
follow sequential injection protocols. Regular system maintenance—flushing drip lines, cleaning

filters, and periodic chlorination—must be performed routinely.
Conclusion

Now, one of the biggest advancements in managing date palm nutrition is fertigation. The
consequences of irrigation and fertilizer techniques include better nutrient management, enhanced
crop performance, and reduced environmental impact. Storylines for the use of sustainable
agronomic practices exemplified by fertigation methods for cultivated date palms in a world
underpinned by resource stress and a food boom.
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Abstract

Lesser date moth Batrachedra amydraula presents an important threat to the sustainability of
date palm in Irag. This study evaluated two potential egg parasitoids Trichogramma evanescens
and T. brassicae, through comparative laboratory and field assessment of their biological
performance. Experiments examined thermal responses at 25, 30 and 35°C across Sayer, Hillawi
and Khadhrawi date palm cultivars, measuring parasitism, emergence, embryo mortality and sex
ratio. Results indicated a clear thermal optimum at 30 °C where T. brassicae achieved 80.11%
parasitism and T. evanescens 79.93% on Hillawi cultivar. At 35°C, performance declined
sharply to below 55% parasitism. T. evanescens showed highest emergence (64.2%) and lowest
mortality (35.8%) at 30 °C, whereas T. brassicae exhibited high embryonic mortality (49.43% )
at 35°C. Field observations revealed peak activity in April on Khadhrawi cultivars, while Hillawi
showed the highest biological compatibility with a female biased sex ratio of 57 to 62.5%. The
study identifies 30 °C as the optimal temperature for mass rearing and field release, and
recommends T. evanescens as the most effective agent for IPM programs in southern lIraq, with
April as the best release window before extreme summer temperatures. Overall, The integration
of laboratory and field data demonstrates that temperature strongly governs parasitoid efficiency,
with 30 °C representing a critical threshold for maximizing biological potential against B.
amydraula, while heat stress beyond this limit reduces effectiveness and should be considered in

climate-adapted integrated pest management strategies.

Keywords: Batrachedra amydraula, Trichogramma spp., Biological control, embryonic

mortality, parasitism.

150


mailto:ghazwan.khalaf@uobasrah.edu.iq

Basrah Journal of Date palm Research, 2026, 25(1):150-163 163-150:(1)25.2026 . seill dlsi &lasd dpagt dlae

Introduction

Date palm (Phoenix dactylifera L.) plays a strategic role in agricultural and ecological systems
for arid and semi-arid zones around the globe. In the Middle East and North Africa especially,
date palm cultivation is essential for sustainability efforts. Date palm growing along Shatt Al-
Arab basin in Iraqg's south eastern governorate Basra has been part of local heritage and economy
for many years. Due to this special ecosystem and microclimate, conditions are suitable for
growing high quality cultivars which may have promising commercial value. Unfortunately,
various insect pests threaten date palm plantation production, and the most important of these
insects is lesser date moth Batrachedra amydraula (Meyrick) (Abd et al. 2025). This pest
presents a major economic threat to date palm growers because of its voracious feeding behavior
on the fruit during early stages of development (Hababouk and Kimri stages). This can lead to
dried fruits that drop from the tree prematurely and result in significant financial loss if effective
management strategies are not implemented (Latifian, 2020 ; Al-Naabi et al. 2023). Losses can
exceed 50% of total yield in extreme cases. For many years now, controlling this pest has mainly
depended on the use of traditional synthetic pesticides. Even though these chemicals can work for
a short time, their widespread and careless use has led to serious harm to the environment
(Abdifitah et al. 2026).. This has caused significant problems in Shatt Al Arab, including soil and
water pollution, negative effects on positive organisms, and the creation of pesticide-resistant
insects. Therefore, IPM practices need to be adopted immediately because biological control
methods with Trichogramma egg parasitoids are an excellent and sustainable method to use for
pest control (Bueno et al. 2023). These parasitoids are extremely effective at reducing pest
populations during their most vulnerable stage at the egg which prevents any damage from being
done before the fruit is even produced.This method is not only good for the environment but also
really flexible for use in field release initiatives (Navik and Richa, 2018; Satyanarayana et al.
2024). This method is set to be a game changer in 2024.The field efficiency of biological control
agents is not static rather it is the product of a complex interaction between the parasitoids
genetic traits and surrounding environmental factors primarily temperature. Temperature serves
as the fundamental driver for all biological and physiological processes in insects, determining
developmental speed, longevity, and host-seeking capability, as well as directly influencing the
sex ratio of the resulting progeny (Ana-Cristina et al. 2020). In a thermally fluctuating

environment like Southern Iraq where temperatures transition from moderate spring conditions to
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extreme summer heat stress understanding the thermal plasticity of these parasitoids is essential
for the success of control programs (Ramos Aguila et al.2023 ; Alary et al. 2026). In addition to
climatic factors the host plant cultivar plays a pivotal role in the success of the parasitism process.
Morphologic, physical, or chemical traits of different date palm cultivars, including Sayer,
Hillawi, and Khadrawi, may create differences in the attraction of pest species for oviposition or
may affect the micro climate surrounding the egg. These variations then impact the parasitoids
ability to locate the host and develop within. Despite a wealth of global literature on the genus
Trichogramma, there remains a significant gap in local research comparing the species T.
evanescens and T. brassicae when reared on a natural host (B. amydraula) under varying thermal
pressures across different date palm cultivars in the Basra environment (Alrubeai et al. 2014 ; Al-
Musafir et al.2022 ; Al-Saedi, 2025). Thus, this research was conducted to provide a thorough
and in depth investigation into how three different temperatures 25°C, 30°C and 35°C affect the
biological characteristics of both species of these parasitoids. The objectives are to define the
optimal temperature range for their activity, to see how their activities change when the host plant
is grown from different cultivars. Therefore, this provides an accurate scientific database to aid in
determining the best time to release them in the field of-date palm orchards, both for protection of

the crop and for maintaining the ecological integrity of the area.
Materials and Methods
Study Area and Site Description

Field trials conducted in private date palm orchards located in the Shatt Al-Arab district of
Basrah Province, Southern Iraq selected a geographic site representing the environmental
conditions of date palm cultivation that experienced large seasonal variability in the magnitude
and duration of temperature fluctuations. The research evaluated three commercially grown
varieties of the date palm Sayer, Hillawi, and Khadhrawi. Homogeneous trees (10-15 years old)
with similar heights were selected ensuring they were subjected to uniform agricultural practices
(irrigation, fertilization and pruning) throughout the study period to minimize external variables.

Host Insect Rearing and Maintenance

The initial source of lesser date moth B. amydraula was derived from larval-infested fruit
bunches located within a defined study area, these samples were then transported to laboratory

facilities and maintained within wooden boxes with fine mesh cover at 25+2°C and 60+5% RH
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using the same experimental methodologies. Parcels of freshly laid less than 24h eggs were
collected for parasitic experimentations thereafter to periodically ensure that the maximum

suitability was provided to each host material (Al-Naabi et al 2023).
Parasitoid Sources and Acclimatization

The parasitoids Trichogramma brassicae and T. evanescens (Hymenoptera: Trichogrammatidae)
were produced in large quantities on the eggs of the Mediterranean flour moth Ephestia
kuehniella. Eggs of E. kuehniella were pasted onto cardboard measuring 8 x 4 cm. Each card
contained 50 eggs. T. brassicae and T. evanescens are reared in glass containers with a height of
21 cm and a diameter of 10cm covered with muslin cloth by using rubber bands that are kept in
place until use. Six cards of freshly collected eggs (1 day old) were placed in each glass jar along
with 2 cards containing parasitic eggs that would hatch within 24 hours. E. kuehniella and
Trichgramma species were reared at a temperature of 25 + 2 °C, 70 % relative humidity (EI-
Dakroury et al., 2002).

Thermal Experimental

To evaluate the biological characteristics of the parasitoids under varying thermal pressures, the
following steps were implemented, three constant temperatures (25°C, 30°C, and 35°C) were
maintained inside programmed growth chambers with a precision of £0.5°C. One hundred fresh
Lesser Date Moth eggs (categorized by cultivar) were fixed onto small paper cards and exposed
to a mated pair of parasitoids for 24 hours. Five replicates were assigned to each treatment
(Parasitoid species x Temperature x Cultivar). Following the exposure period cards were
transferred to clean test tubes and kept in incubators to monitor embryonic development
(Mohammad et al. 2015).

Assessment of Biological Parameters

The following detailed biological indicators were recorded parasitism rate (%) calculated based
on the number of eggs that turned black due to the development of parasitoid larvae. Adult
emergence percentage (%) calculated by counting the exit holes left by emerging adults in the
host eggs. Embryonic mortality rate (%) calculated as the percentage of parasitized (blackened)
eggs that failed to produce emerging adults. Sex ratio emerged adults were examined under a
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stereomicroscope to differentiate females from males (based on antennal morphology) to

calculate the female progeny percentage.
Statistical Analysis

The data were analyzed using a Randomized Complete Block Design (RCBD) with a factorial
experimental framework. Analysis of variance (ANOVA) was used to analyze the effects of the
temperature, the parasitoid species, the date palm cultivars, and their interactions on the
biological parameters measured after the parasitism of the date palm trees. To determine the
significance of differences between the means, a Duncans Multiple Range Test was used with a
significance level of (P < 0.05). All statistical analyses were performed using the Statistical

Package for Social Sciences (SPSS) software, version 23.
Results
Parasitism efficiency and the interaction between temperature and cultivars

The findings presented in Table (1) indicate a significant impact of temperature on the parasitism
rates of both bio-parasitoid species. The temperature of 30°C was statistically superior
(significance level a) compared to other thermal regimes. At this optimal temperature T.
brassicae recorded its highest parasitism rate at 80.11% on the Hillawi cultivar, followed closely
by T. evanescens at 79.93% on the same cultivar (Figure 1). When the temperature was increased
to 35°C a significant reduction in parasitism efficiency occurred (level b) with rates fluctuating
between 56.88% and 62.64% reflecting the negative impact of heat stress on female activity.
Conversely, the lowest parasitism rates (level c) were recorded at 25°C reaching a minimum of
48.95% for T. brassicae on the Khadhrawi cultivar. As observed in Table (1) the Hillawi cultivar
provided a more conducive environment for parasitism compared to Sayer and Khadhrawi,
although the differences between cultivars were less pronounced than the variations caused by

temperature.
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Table (1): Interaction effect of temperature and date palm cultivars on the parasitism rate

(%) of Trichogramma spp. on B. amydraula eggs.

Parasitoid Temperature Sayer Hillawi Khadhrawi
Species (°C) (Mean + SE) (Mean + SE) (Mean + SE)
T. evanescens 25°C 51.34+1.2c 52.61+0.9¢c 50.15%1.1c
30°C 78.45+0.8 a 79.93+0.5a 77.20+1.0a
35°C 58.12+15b 59.73+1.3b 56.88 +1.4 b
T. brassicae 25°C 4988 +1.1c 5043+1.2c 48.95+0.8 ¢
30°C 79.12 £0.7 a 80.11 +0.6 a 78.45+0.9a
35°C 61.20+1.8b 62.64+1.5b 60.10+1.7b
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Figure 1: Average Monthly Temperatures in Basrah Governorate from February to July.
Biological Performance

Table (2) illustrates the biological characteristics related to the completion of the life cycle within
the host egg. The results showed a qualitative superiority for T. evanescens at the optimal
temperature 30°C achieving the highest adult emergence rate of 64.20%. This value was
statistically significant (level a) outperforming T. brassicae which recorded 58.85% at the same
degree. The relationship between embryonic mortality rates and emergence efficiency appears to
be reverse. The lowest statistical embryonic mortality rate was recorded at 30°C for T.
evanescens (35.80%). In comparison, both species exhibited high levels of embryonic mortality
(50.85% and 49.43% respectively) in the high temperature (35°C) treatment which contributes to
low levels of attack success by these natural enemies in field conditions during intense summer
heat.
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Table (2): Biological performance (Adult Emergence % and Mortality %) of Trichogramma

spp. at various constant temperatures.

Parasitoid Temp (°C) Adult Emergence  Mortality Rate
Species (%) (%)

T. evanescens 25°C 54.12£1.1b 4588 £0.9 b
30°C 64.20 0.8 a 35.80£0.7 ¢
35°C 49.15+1.4c 50.85+1.2a

T. brassicae 25°C 52.33+£1.0b 4767 £1.1b
30°C 58.85 £0.9 ab 41.15 +0.8 bc
35°C 50.57+15¢c 49.43+1.4a

Progeny Sex Ratio

Data from Table (3) indicate that all treatments produced offspring progeny with a female biased
ratio, this is an economically desirable trait for biological control programs. T. brassicae reached
the maximum percentage of female progeny (62.50%) on the Sayer cultivar at 30°C. Similarly,
temperature analysis indicates that temperatures of both 25°C and 30°C maintained high female
percentages and statistically consistent female ratios (level a) without significant differences
between these temperatures, however a temperature of 35°C significantly decreased female
percentages (level b) at all replication of cultures tested with T. evanescens producing the lowest
ratio of 57.85% on the Kadhrawi cultivar. This decrease may be due to the fact that thermal stress
may impact the viability of fertilized (female) and unfertilized (male) eggs differently (more so

on fertilized eggs).

Table (3): Influence of temperature and date palm cultivars on the Sex Ratio (Female %) of

the progeny.
Parasitoid Temperature Sayer (%) Hillawi (%) Khadhrawi (%)
Species (°C)

T. evanescens 25°C 60.12 a 61.33 a 59.45 a
30°C 60.45 a 61.41a 60.05 a
35°C 58.20 b 59.08 b 57.85b

T. brassicae 25°C 61.15a 61.88 a 60.30 a
30°C 62.50 a 62.10 a 61.55 a
35°C 59.10 b 60.02 b 58.70 b
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General Synthesis of Numerical Data

By correlating the three tables it is evident that the triple interaction between parasitoid species,
temperature, and host-plant cultivar plays a pivotal role in the success of biological control.
While T. brassicae possesses a slightly higher parasitism capacity at high temperatures (Table 1),
T. evanescens excels in embryonic viability and adult emergence (Table 2), making it the more
sustainable species for the thermally variable environment of Shatt Al-Arab district-Basrah

governorate-lrag.
Discussion

The data show that the two types of insects achieved 80 percent parasitism at 30°C on Hillawi.
Palm trees have an ideal temperature for their excellence in metabolic efficiency. However, at
35°C the two species became critically separated. T. evanescens had a high degree of
physiological plasticity with a 64.2% rate of emergence associated with T. brassicae shigh
embryonic mortality and sensitivity to high temperatures. The cultivar of Hillawi provided a
protective micro climate from thermal degradation resulting in increased success of the
parasitoid. Based on these data, T. evanescens should be used for IPM programs in southern Iraq
during the Golden Biological Window in April, in which there is an alignment of temperature
and physiological optimal. The timing allows pest control to be maximized prior to the arrival of
extreme summer heat waves during June. The results from the study by Gameel et al., (2014)
support the efficacy of T. evanescens through a series of long term field trials during which T.
evanescens was released at 20,000 parasitized eggs/feddan in early May. These trials showed an
average of a 73.74% reduction in the level of infestation of B. amydraula. The similar result from
this study provides the conclusion that selecting T. evanescens is an effective strategy to
minimize the impact of lesser date moth infestations and subsequently fruit drop. According to
the findings of Mohammad et al., (2011), the results of our study are congruent with one another
confirming that T. evanescens would be the best species available to use for controlling pests in
southern Iraq using biological pest control methods IPM. There is also an assurance that using T.
evanescens will result in high quality crop production while providing agricultural producers with
assurance about the safety of their environment as well as the health of humans living close to
agricultural land. In addition, Mohammad et al. (2011) found that when releasing T. evanescens
at a release rate of 3 capsules per palm it provided a maximum control efficacy of 70.8%.

Analysis of efficiency of parasitism with thermal response the (Table 1) peak of the rate of
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parasitism at approximately 30 degrees celsius is most likely due to an increase in the females
activity level and host searching behaviour. At the same time we believe that the decrease in the
rate of parasitism which was apparent at 35°C was the result of the effects from heat stress
induced oxidative damage that reduced the average longevity and reproductive cycle of the
female wasps. This accounts for the complete failure of parasitoids in Basrah during the very hot
summer months, when the temperatures are usually over the upper limit of their
thermoregulation. In the study performed by Khethani et al. (2013), the developmental biology of
the parasitoid Trichogrammatoidea lutea was examined using six constant temperatures (18, 21,
24, 27, 30, and 35°C) in combination with three different lepidopteran host eggs. From this
research it was determined that T. lutea was unable to complete its development at a temperature
of 35°C using any of the three host species. It is evident from this study that a temperature of
35°C represents a critical thermal barrier that halts the development of many Trichogramma
species. This underscores the vital importance of selecting the appropriate timing for field
releases, ensuring they occur away from the peak summer heat. Emergence, Mortality, and
Physiological plasticity the data indicated that T. evanescens had an advantage over other species
in terms of both emergence and mortality (Table 2). This leads us to believe that T. evanescens
has a greater degree of Physiological Plasticity enabling the T. evanescens embryo to withstand
thermal stress while residing in its host egg. The increased mortality level at 35°C may not only
be due to deaths of individual embryos; it also may reflect that the host egg B. amydraula was
desiccated by superheated air in which they were incubated. The resultant hardening of the
chorion of the host egg will create a mechanical barrier, thus preventing larvae from feeding upon
or emerging from their' host eggs. Mohammad et al. (2015) demonstrates that T. evanescens is a
highly effective bio-agent against the lesser date moth, achieving a peak parasitism rate of 94.4%
within an optimal thermal range of 27°C. Findings indicate that temperature significantly dictates
life stages, with longevity stretching to 35 days at 15°C and contracting to 7 days at 33°C.
Population stability and sex ratio although the sex ratios value remained stable (Table 3), the
small decrease in the temperature at 35°C supports the hypothesis that female embryos formed
from fertilized eggs have a greater environmental sensitivity than male embryos. Maintaining a
female ratio of about 60% is an effective indicator of whether or not these parasitoids will
successfully establish populations in palm orchards when released at the correct biological
window. A study conducted in Iran by Tabebordbar et al. (2022) confirms that temperature is the

decisive factor in determining the biological efficiency of the T. euproctidis parasite, as 32.5°C
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was recorded as the optimal temperature for parasitism, female production, and survival. Life
table indices showed a positive relationship between temperature rise and the intrinsic rate of
increase up to a certain threshold, before decreasing at extreme heat 40°C. The Hillawi cultivar
was found to be more suitable for the parasitoid species compared to the other cultivar's
characteristics like the fruit is likely to provide some level of shelter from dry winds, thus
creating a suitable micro-climate for the parasitoid. The Khadhrawi cultivar has greater levels of
attractiveness towards the pest however, there may also be certain chemicals like tannins or resins
present in this cultivar in greater concentrations than in the Hillawi cultivar that could hinder the
parasitism of the pest by the parasitoid. Therefore, in order to effectively manage the pest within
this cultivar, we will have to release higher concentrations of parasitoids within this cultivar. In a
study he conducted Firake and Khan (2014) showed that daily temperature fluctuations and short
term thermal shocks adversely affect the survival of Trichogramma parasites in terms of
emergence, fecundity and longevity. In the same regard, Mehrnoosh et al. (2021) confirms that
the efficiency of T. brasicae follows a non-linear relationship with temperature, peaking at 30°C
before declining at higher thermal regimes. The results highlight the high performance of the
parasite in tropical and warm conditions, while maintaining a biased sex ratio across different
temperatures. Thus, these bioclimatic models enable optimization of mass rearing protocols and

precise field release timing to ensure maximum control effectiveness.
Conclusion

The study found that 30°C is the optimal temperature for maximum parasitism and emergence,
and is therefore recommended for mass rearing of Trichogramma. T. evanescens performed
better than T. brassicae, especially under heat stress at 35°C, showing higher thermal tolerance.
Host cultivar influenced effectiveness, with Hillawi showing the best compatibility, while
Khadhrawi required higher release rates due to greater infestation levels. All treatments showed a
female-biased sex ratio (57-62%), indicating good potential for stable field populations. Overall,
April was identified as the best release period in southern Irag, as field temperatures align with

optimal parasitoid activity.
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