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Abstract

Purpose: Crop production is severely limited in dry and semi-arid environments due to poor
soil fertility and water scarcity. In this context, the use of date molasses as an organic
amendment may enhance agronomic productivity under such conditions. This study
investigates the response of two durum wheat varieties, Ofanto and Bousselam, to application
of date molasses under water deficit conditions.

Methods: Morphological traits and biochemical parameters of plant development were
assessed under different treatments.

Results: Water stress significantly inhibited wheat growth by markedly reducing seminal root
length, leaf area index (LAI), shoot and root dry biomass, and chlorophyll (a+b) content.
Additionally, a decrease in adventitious root formation was observed. However, application of
date molasses effectively maintained higher chlorophyll and soluble sugar contents, and
enhanced activities of key antioxidant enzymes including superoxide dismutase (SOD),
peroxidase (POD), and catalase (CAT).

Conclusions: Date molasses application under water deficit conditions efficiently mitigated
water stress effects in durum wheat. Our findings emphasize the potential of this organic
amendment to reduce the negative impacts of abiotic stress on crop plants.

Keywords: Triticum durum, water deficit, organic amendment, antioxidant enzymes, semi-
arid, root architecture.

1. Introduction

Durum wheat (Triticum durum Desf.) holds significant economic importance as a major
cereal crop worldwide, particularly in the Mediterranean region (Zargar et al., 2017). Its
cultivation extends across Southern Europe, North Africa, the Middle East, Central Canada,
and the Northwestern United States. Together, these regions contribute to approximately one-
quarter of global wheat production (FAO, 2023). In Algeria, durum wheat represents a major
component of the agricultural sector (Zargar et al., 2017; Zemour et al., 2024).

Water deficit is a critical constraint limiting crop development and yield, especially in dry and
semi-arid environments (Zou et al., 2021). Wheat plants are highly sensitive to water
availability, with productivity declining by 50-90% under drought conditions (Chennafi,
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2012). Moreover, climate change and unsustainable farming practices exacerbate water
scarcity and soil fertility degradation, further threatening crop sustainability (Li et al., 2013).
Understanding crop responses to drought and developing effective mitigation strategies are
vital for securing food production. Water deficit disrupts many physiological and biochemical
processes in plants, reducing growth and reproduction (Yousaf et al., 2025). Plants exhibit
diverse drought tolerance mechanisms, including avoidance and tolerance strategies regulated
by complex physiological, biochemical, and molecular networks (Du et al., 2020).
Antioxidant enzymes play a key role in mitigating oxidative damage induced by drought in
crops such as maize and wheat (Altansambar et al., 2024; Isgandarova et al., 2024).
Organic by-products from agro-food industries, rich in nutrients, present promising options
for improving soil fertility and enhancing drought tolerance in crops. In particular, molasses
has shown ameliorative effects under abiotic stress in plants like spinach (Pyakurel et al.,
2019).
In this study, we aimed to evaluate the effects of date molasses, a nutrient-rich organic by-
product, on the growth and physiological responses of two durum wheat genotypes under
water deficit conditions. This research provides novel insights into the potential of date
molasses as an organic amendment to promote wheat growth and stress tolerance in semi-arid
environments.

2. Material and Methods

The experiment was conducted at Ibn Khaldoun University, Tiaret (Algeria) under controlled
glasshouse conditions in 2023. The temperature was maintained at 20 °C during the day and
15 °C at night, with relative humidity set at 70%. A photoperiod of 15 hours per day was
provided, supplemented with light intensity of 85 W-m™.

Two durum wheat (Triticum durum Desf.) varieties were selected for this study: Ofanto
(locally known as Ouarsenis from Italy) and Bousselam (originating from ICARDA-
CIMMYT, Aleppo, Syria).

2.1 Extraction of Date Molasses

Low-market-value dates were washed and pitted. Two kilograms of dates were macerated in 1
L of water at 70 °C (solid-to-liquid ratio 2:1) for 60 minutes in a water bath with agitation to
ensure thorough homogenization and efficient extraction of soluble components. The
macerate was filtered through muslin to remove impurities, then concentrated using a vacuum
evaporator to preserve nutritional quality. The physicochemical composition of the extracted
date molasses is presented in Table 1.

Tablel. Physical-chemical Composition of molasse date

Constituants Date molasse
Moisture (%) 18
pH 5.7
Total sugars (%) 74
Soluble sugars(%FW) 42
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Saccharose(%FW) 30
K(mg/100mLFW) 250
P(mg/100mLFW) 7
Ca(mg/100mLFW) 225
Mg(mg/100 mLFW) 6.5
Na(mg/100 mLFW) 15
Zn(mg/100mLFW) 0.1
Cu(mg/100mLFW) 0.03
Fe(mg/100mLFW) 78
Mn(mg/100 mLFW) 0.05
Protein (%) 0.87
Density 1.31

2.2 Experimental Setup

Seeds were sterilized and germinated on moistened absorbent paper in Petri dishes incubated
at 25 °C. After one week, seedlings were transplanted into PVVC cylinders (5 cm diameter, 60
cm length) filled with a substrate mixture of sand, soil, and organic matter in an 8:3:1 ratio,
with a water retention capacity of 27% (see Fig. 1). Thirty cylinders were divided into three
groups and irrigated to field capacity. One group received a solution of date molasses (1 mL
pure molasses per 1 L water), while the others received water only until the tillering stage
(Zadoks scale 22). Thereafter, water regimes were adjusted as follows: (i) continuous
irrigation (control), (ii) water deficit (WD), and (iii) water deficit with date molasses
application (WDM). Each treatment was replicated six times with random distribution of
genotypes.
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Figl Experimental dispositive of the study. WD:Water deficit; WMD: With date molasse
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2.3 Measurements

One month after initiating water deficit treatments, the following parameters were measured
on the youngest fully developed leaves:

Relative Water Content (RWC): Measured following Schonfeld et al. (1988) by weighing
fresh leaf samples to determine fresh weight (FW), turgid weight (TW, after 12 h in darkness
at 4 °C), and dry weight (DW, after drying at 80 °C for 48 h). Calculated as RWC (%) = [(FW
-DW) / (TW - DW)] x 100.

Chlorophyll (a+b) Content: Determined according to Barnes et al. (1992) using leaf extracts.
Leaf Area Index (LAI): Measured with a leaf area meter (model QCJ-2A).

Root and Shoot Morphological Traits: Length of seminal roots and number of adventitious
roots were recorded. Samples were oven-dried at 80 °C for 48 h for measurement of dry
biomass.

Antioxidant Enzyme Activities: Activities of peroxidase (POD) and catalase (CAT) were
assayed using the methods of Chance and Maehly (1955), while superoxide dismutase (SOD)
activity was determined following Giannopolitis and Ries (1977). Leaf samples were
extracted in potassium phosphate buffer.

Total Soluble Sugars: Quantified by the Anthrone method (Gomez et al., 2002). After
appropriate dilution, samples were incubated at 92 °C for 8 minutes, and absorbance was
measured at 585 nm.

2.4 Statistical Analysis

Data were analyzed using analysis of variance (ANOVA) with SPSS version 20. Duncan’s
multiple range test at 5% significance was used to compare genotype means within each water
treatment.

3. Results

3.1 Relative Water Content (RWC)

RWC, an indicator of plant hydration status reflecting the balance between water availability
and transpiration (Jin et al., 2017), was significantly affected by cultivar and drought stress (p
< 0.01). Under well-watered conditions, both genotypes exhibited high RWC values, with
91.5% and 91% observed in Ofanto and Bousselam, respectively (Fig. 2).

Water deficit caused a significant reduction in RWC in both genotypes, with values declining
to 82% for Ofanto and 75% for Bousselam. However, treatment with date molasses
significantly ameliorated this reduction, maintaining RWC at approximately 88% in Ofanto
and 85% in Bousselam (Fig. 2).

Table 2 Effect of water treatment on growth, chlorophyll and antioxidant enzymes.

Effect
Trait Water Genotype | genotype x water
treatment | 4e-1y | treatment (df=2)
(df=2) - -
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Chlorophyll (a+b) 245.32** 118.82** 79.29**
LAI 28.32** 0.563 3.422*
SOD 7.322* 118.935** 15.337**
POD 495.08** 165.76** 81.007**
CAT 62.472** 91.982** 16.23**
Root adventious number 6.2* 5.4* 1.8
Seminal root lenght 0.641 11.256* 0.33
Shoot dry weight 5.621* 0.731 0.248
Root dry weight 3.889* 1.607 1.504
Sugars 93.86** 4.936* 0.728
N Tillers 3.545 0.364 0.91

ns : non significant, * : significant at p=0.05, ** : significant at p=0.01 level.
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Fig.2 Relative water content (RWC) measured in two durum wheat genotypes grown

Fig. 2 Relative water content (RWC) measured in two durum wheat genotypes grown under
three water regimes (Control, WD:With drought, WDM:with date molasse) within the same
water treatment and assigned different letters are significantly different (at 0.05 probability
level) by Duncun’s Test.

3.2 Chlorophyll Content

Both water stress and date molasses treatments significantly influenced chlorophyll (a+b)
content in leaves (Table 2). Under control conditions, chlorophyll content ranged from 65
pg-g ' FW in Bousselam to 73 pg-g™' FW in Ofanto (Fig. 3).

Water deficit reduced chlorophyll content in Ofanto by 68%, while Bousselam showed an
increase under drought. Importantly, date molasses application significantly restored
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chlorophyll levels in both genotypes, with Bousselam reaching 69 ug-g' FW, comparable to
control values (Fig. 3).
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Fig. 3 Chlorophyll content measured on two durum wheat genotypes grown under three water
regimes (Control, WD, WDM) within the same water treatment and assigned different letters
are significantly different (at 0.05 probability level) by Duncun’s Test.

3.3 Leaf Area Index (LAI)

LAI differed significantly across water treatments and genotypes (Table 2). Water stress
reduced LAI, notably under the WD treatment (Fig. 4), with values between 0.12 and 0.13 for
both genotypes, compared to 0.19-0.22 under control conditions. Application of date
molasses increased LAI, especially in Ofanto, which recorded a maximum value of 0.20 (Fig.

4).
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Fig. 4 Leaf area index (LAI) measured on two durum wheat genotypes grown under three

water regimes (Control, WD, WDM) within the same water treatment and assigned different
letters are significantly different (at 0.05 probability level) by Duncun’s Test.

3.4 Antioxidant Enzyme Activities

Drought stress significantly increased catalase (CAT) and superoxide dismutase (SOD)
activities (p < 0.01) in both genotypes. Date molasses further enhanced CAT and SOD
activities under water stress (Table 3). In Bousselam, SOD and CAT activities reached 8.44
and 76.76 U-mg™! protein, respectively, following molasses treatment.

Peroxidase (POD) activity also increased markedly under drought, and was further elevated
by date molasses application in both wheat cultivars (Table 3). Bousselam exhibited higher
antioxidant activities overall compared to Ofanto.

Table 3 The mean values of antioxydant enymes activity under water stress, with and without
treatment of molasse date, are presented. Each value represents the mean of five replications
for each trait. Values that share a common superscript letter are not significantly different at a
significance level of p < 0.05.

SOD (U mg-1 protein POD (U mg-1 protein CAT (U mg-1 protein
FW) FW) FW)
Ofanto Bousselam Ofanto Bousselam Ofanto Bousselam
23.522 37.14%
Control 5.17°+0.04 | 5.122+0.1 +0.16 +0.94 3.152+0.01 | 3.122+0.02
25.752 40.85° 4.36%
WD 6.5°+0.5 |6.10°+0.19| +0.31 +0.64 +1.10 7.22%+0.06
Evolution | 25.86+10.6 38.19+34.9
(%) 7 19.28+2.33 | 9.49+0.63 | 10.07+4.29 6 131.66+2.27
31.21° 76.76°
WDM 7.67°40.29 | 9.66°+0.77 | +2.36 +5.39 5.6°+0.22 | 8.44° +0.54
Evolution 88.69+12.1 106.93+18. 170.91+17.2
(%) 48.49+6.9 5 32.67+9.37 6 77.59+7.03 1

Each value represents the mean of five replications for each trait. VValues that share a common
superscript letter are not significantly different at a significance level of p< 0.05.

3.5 Number of Adventitious Roots

Adventitious root formation was significantly influenced by substrate water content and
genotype (Table 2). Under control conditions, the average number of adventitious roots
ranged from 3 (Ofanto) to 4 (Bousselam) (Fig. 5). Water deficit slightly decreased
adventitious root production, with Ofanto showing a 50% reduction. Date molasses
application enhanced adventitious root formation in Ofanto, averaging 3 roots compared to 2
in Bousselam (Fig. 5).
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Fig. 5 Number of newly adventious roots measured on two durum wheat genotypes grown
under three water regimes (Control, WD, WDM) of genotypes within the same water
treatment and assigned different letters are significantly different (at 0.05 probability level) by
Duncun’s Test.

3.6 Seminal Root Length

Root system development is critical for water and mineral uptake, especially under drought.
Genotypes differed significantly in seminal root length (Table 2). Under control conditions,
Ofanto and Bousselam exhibited average root lengths of 58 cm and 59.66 cm, respectively.
Water deficit increased root length slightly, with Ofanto reaching 61.66 cm. Date molasses
application further increased seminal root length, with Bousselam reaching 63 cm (Table 4).
Table 4 The mean values of Seminal Root Length (cm) under water stress, with and without
treatment of molasse date, are presented. Each value represents the mean of five replications
for each trait. Values that share a common superscript letter are not significantly different at a
significance level of p < 0.05.

Treatment
Genotypes
Control WD WDM
Ofanto 58.33%+1.15 |61.66%+1.53 |62.00%°+1.00
Bousselam 59.66%+1.15 |60.00°+1.00 |63.00°+1.25

In same column means with the same letter are not significantly different at p >0.05
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3.7 Shoot Dry Matter

Dry shoot biomass was significantly affected by water treatments (Table 2). Under control,
Ofanto produced the highest shoot dry weight (1.12 g), while Bousselam exhibited lower
biomass under drought (0.76 g). Molasses application significantly increased shoot biomass in
both genotypes, reaching over 2 g (Table 5).

Table 5 The mean shoot dry matter values(g) under water stress, with and without treatment
of molasse date, are presented. Each value represents the mean of five replications for each
trait. Values that share a common superscript letter are not significantly different at a
significance level of p < 0.05.

Treatment
Genotypes Control WD WDM
Ofanto 1.122+0.06 1.31%+0.44 |2.18%+0.65
Bousselam 0.772+1.04 0.76%+1.04 2.21°+0.82

In same column means with the same letter are not significantly differentat  p>0.05

3.8 Root Dry Matter

Root dry weight varied similarly across genotypes and treatments (Table 2), with no
significant genotype by treatment interaction. Bousselam had lower root biomass under
favorable conditions but showed increased root dry matter under severe water scarcity (0.28
g). Date molasses enhanced root growth under water deficit, with root dry weights of 0.32 g
and 0.36 g for Ofanto and Bousselam, respectively (Table 6).

Table 6 The mean values of Root dry matter under water stress, with and without treatment of
molasse date, are presented. Each value represents the mean of five replications for each trait.
Values that share a common superscript letter are not significantly different at a significance
level of p< 0.05.

Treatment
Genotypes
Control WD WDM
Ofanto 0.38%+0.01 0.27%+0.02 |0.32%+0.05
Bousselam 0.218+0.05 0.28%+0.07 0.36°+0.13

In same column means with the same letter are not significantly different at p>0.05

3.9 Soluble Sugars Content

Water deficit and molasses treatments significantly affected soluble sugar content (p < 0.01).
Under control conditions, Ofanto had the lowest sugar content (4.15 pg-mg' FW), which
increased dramatically with molasses to 48.61 ug-mg' FW in Ofanto and 66 pg-mg" FW in
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Bousselam. Under drought without molasses, sugars ranged from 24.07 to 34.26 pg-mg"' FW
for Ofanto and Bousselam, respectively (Table 7).

Table 7 The mean values of soluble sugars content (ug.mg* FW) under water stress, with and

without treatment of molasses date

Treatment
Genotypes
P Control WD WDM
Ofanto 4152 +1.08 |24.07%*+1.41 |48.61%+1.17
Bousselam 6.112+0.70 34.26°+0.07 |66.00°+1.74

In same column means with the same letter are not significantly different at p>0.05

3.10 Number of Tillers

Genotype and interaction effects on tiller number were generally insignificant (p < 0.01), with
genotype exhibiting minor influence (p > 0.01). Under control, both genotypes averaged
about 4 tillers. Water deficit significantly reduced tillering to 2.33 (Ofanto) and 2.66
(Bousselam). Molasses application mitigated this decline, especially in Bousselam, which
reached 3 tillers under drought (Table 8).

Table 8 The mean values of number of tillers under water stress, with and without treatment
of date molasses

Treatment
Genotypes Control WD WDM
Ofanto 3.66%+0.57 |2.33%+0.51 |2.66°°+0.50
Bousselam 3.66%41.52 |2.66%+0.57 |3.00%+0.54

In same column means with the same letter are not significantly different at p>0.05

Table 9 Correaltion between the mesuraed parameters of durum wheat cultivated under water
stress and molasses date application

Chl [RAN| SRL [ SDW [RDW| LAl [ RWC | SOD | POD | CAT |Sugar
Chl | 1.00

RAN | 0.27 | 1.00

SRL g 720 | 0.60% | 100

SDW | 0.21 |-0.30 | -0.19 | 1.00

RDW | 043 |-0.03 |-0.32|0.63* | 1.00

LAL | 057 | 021 | )| 008 | -0.04 | 1.00

RWC | -0.02 | 0.47 |-0.42 [-0.57|-0.26 | 0.15 | 1.00
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SOD | 0.00 |-0.41| 0.37 |0.62*| 0.40 | -0.16 0_9(;*** 1.00

POD | 042 |-028] 0.17 [ 0.46 | 0.24 | 0.06 |-0.81** | 0.75** | 1.00

CAT | 0.06 |-0.55| 0.49 | 0.45 | 0.25 | -0.31 0'87‘*** 0.77*%* | 0.78**

Sugar | -0.23 |-0.53 | 0.57 | 0.48 | 0.19 | -0.30 0_91'*** 0.91***| 0.61* | 0.84*** | 1.00
_'F'i”ers -0.14 | 0.16 |-0.11|-0.15 |-029 | 051 | 031 | -0.26 | -0.36 | -0.51 |-0.37

Chl : Chlorophyll; RAN : Root adventious number; SRL : Seminal root length; SDW: Shoot
dry weight; RDW: Root dry weight; LAI: Leaf area index; SOD : Superoxyde dismutase;
POD : Peroxydase; CAT : Catalase; N Tillers : Number of tillers

4. Discussion

Drought is a primary factor limiting crop development and yield (Tippayawat et al., 2025). It
induces physiological responses such as stomatal closure, altered gas exchange, reduced CO-
availability, and decreased photosynthesis (Grzesiak et al., 2019).

Relative water content (RWC) is a critical indicator of plant water status and metabolic
activity (levinsh, 2023). Water deficit significantly decreased RWC in both wheat genotypes,
signaling impaired hydration and early water stress symptoms (Masheva et al., 2022). Date
molasses application significantly improved leaf RWC under drought, consistent with
findings that molasses enhances abiotic stress tolerance (Hatano and Yamatsu, 2018).
Chlorophyll degradation due to photooxidation is common under water stress (Afzal et al.,
2014; Sibomana et al., 2013). Our results showed chlorophyll content reduction in Ofanto
under drought, which was alleviated by molasses treatment. Molasses, rich in organic carbon,
vitamins, and minerals, likely enhances soil fertility and nutrient availability, thereby
improving chlorophyll content (Oldfield et al., 2020).

The leaf area index (LAI) is a key structural parameter reflecting plant growth and
photosynthetic capacity (Allahverdiyev, 2015). Water stress-induced reductions in LAI
observed here are consistent with previous studies (Khayatnezhad and Gholamin, 2020).
Molasses application mitigated LAl decline, likely by enhancing water and nutrient
availability.

Water deficit induces oxidative stress, prompting increased antioxidant enzyme activities to
mitigate reactive oxygen species (ROS) damage (Das and Roychoudhury, 2014). Our findings
revealed elevated activities of CAT, POD, and SOD under drought, further enhanced by
molasses treatment. These results align with reports of molasses increasing antioxidant
defenses under abiotic stress (Kara et al., 2023).

The results of the study highlighted a strong correlation between RWC and SOD, CAT, and
sugar content. Moreover, the antioxidant activity showed a positive correlation with sugar
content (Table 9).
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Drought decreased vegetative growth and biomass accumulation, primarily due to impaired
enzyme activities and reduced turgor pressure (Farooq et al., 2009; Taiz et al., 2014).
Molasses application significantly increased shoot and root biomass under drought, reflecting
its growth-promoting effects.
Root system development is vital for water and nutrient uptake. Drought stress altered root
morphology and biomass, with deeper root elongation likely representing hydrotropic
adaptation (Schulze et al., 2019; Gul et al., 2023). Molasses enhanced root biomass under
drought, supporting improved water extraction capacity.
Soluble sugars accumulated under drought serve as osmoprotectants (Zemour et al., 2024;
Khan et al., 2024). Molasses application further increased sugar content, potentially aiding
osmotic adjustment and stress tolerance (Abdou et al., 2024).

5. Conclusion

This study provides novel insights into the physiological and morphological responses of
durum wheat to water deficit and the mitigating effects of date molasses. Drought induced
significant reductions in growth, chlorophyll content, and leaf area, while promoting
antioxidant enzyme activities and osmoprotectant accumulation. Application of date molasses
effectively alleviated the adverse effects of water stress by enhancing relative water content,
antioxidant defenses, root growth, and soluble sugar accumulation.

These findings highlight the potential of date molasses as a sustainable organic amendment to
improve wheat tolerance to drought in semi-arid regions. Future research should explore its
effects across different developmental stages and concentrations to optimize its use in crop
improvement programs.
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