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Abstract. In Morocco, the use of phosphate fertilizer in farming system
represents a source of cadmium that accumulates in soil and would affect
negatively the growth and yield. Cadmium toxicity decreases nutrients and
water translocation and absorption, it leads to an increase in oxidative harm,
affects the metabolism of plants, and inhibits plant morpho-physiology as
well. This experiment was conducted to examine the impacts of various
concentrations of Cd (0, 15, 30 mg kg!) in the flag leaf of three hulless
barley varieties: Assiya (Morocco), Tombari (Tunisia), and Gizal30
(Egypt). Several morpho-physiological parameters were measured at
vegetative stage encompassing measurements like Flag leaf length (FLL),
Flag leaf area (FLA), Flag leaf width (FLW), and Flag leaf dry weight
(FLDW), water relative content (RWC), total chlorophyll content (SPAD),
and Fluorescence (Fv/Fm). ANOVA analysis showed that all morphological
traits (except for FLDW) were primarily affected by the variety effect (>62%
of total variance). In contrast, the treatment of Cd largely influenced
physiological traits (=90% of total variance). Moreover, the interaction
between the two factors was in general of lower importance. Comparison
among varieties showed significant differences for all traits. In fact, the
Moroccan variety (Assiya) displayed the highest values for physiological
and morphological parameters.
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1. Introduction

Environmental contamination by non-essential heavy metals, like cadmium (Cd), poses
a significant threat, especially in developed areas, exacerbating pollution concerns [1]. Its
primary sources of release into the environment include heating systems, metallurgical
industries, waste incinerators, urban traffic, wastewater irrigation, cement factories, mining
activities, and the use of phosphate fertilizers, with an estimated annual release rate of 13,000
tons [2]. cadmium can be absorbed, circulated, and potentially accumulated in various tissues
or organs, posing a risk to biological systems including humans, animals, and plants. Barley,
a key staple food for an important part of the global population, is a vital cereal crop on a
worldwide scale [3]. Cadmium tolerance varies among hulless barley varieties, underscoring
the critical need to select resilient strains for ensuring nutritional security in the coming
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decades. Here, we aimed to study the effect of cadmium contamination on some
morphological and physiological traits in three mediterranean hulless barley varieties.

2. Material and Methods

The experiment was conducted using three Hulless barley (Hordeum vulgare L.)
varieties: Assiya from Morocco, Giza 130 from Egypt, and Tombari from Tunisia. The
experiment took place within a greenhouse. setting to study responses to Cd toxicity. Seeds
were sown in plastic pots (5 kg soil) filled with soil without Cd (control) or supplemented
with 15 or 30 mg kg™! of Cd. At the reproductive stage, mature flag leaves were sampled for
analysis of morphological and physiological characteristics. A leaf area meter was utilized
to calculate the flag leaf area for each plant, and subsequently, the stem height (cm) was
recorded for individual plants. The relative water content (RWC) of the flag leaf was assessed
following the method outlined by Ogbaga et al. [4]. Three flag leaves per plant were chosen
within the plot to assess photosynthetic characteristics: Chlorophyll fluorescence (Fv/Fm)
and chlorophyll content (SPAD). All evaluations were conducted at midday on the flag leaf
exposed to direct sunlight. Chlorophyll fluorescence was gauged using a chlorophyll
fluorometer (OS-30p, OptiScience). The SPAD index was mesured using a handheld SPAD
meter (Konica Minolta SPAD 502 Plus).

Table 1. Analysis of variance of the effect of cadmium stress treatment on morphological and
physiological parameters components of tree North Africa Hulless barley varieties.

D FLW FLL FLA FLDW RWC Fv/Fm SPAD
Variety 2 1.208 *#* 183.0 *** 6319  k* 1707.2  *** 213.5  **  0.003  *¥¥x  ]3.8
Treatment 2 0.711 %% 830  *%% 4463  *k* 65814 *** 1447.6 ***  0.033  *¥¥ 539wk
Replicate 2 0.002 1.8 22 3.8 0.2 0.001 0.4
VxTR 4 0.011 *** 0.8 7.9 ok 44.4 ok 17.9 ek 0.002 ¥R 32
Residual 16 0.002 0.6 1.1 1.11 0.8 0.001 0.3
Total 26
(corrected)

**significant at 0.01 probability level; ***significant at 0.001 probability level.

3. Results and Discussion

3.1.Data Variability.

ANOVA (Table 1) was used for the morphological and physiological traits of the three
hulless barley varieties measured at the reproductive stage under two levels of soil cadmium
contents (15 and 30 mg/Kg). Analysis of variance also showed that cadmium stress
significantly affected morphological traits as well as physiological traits.
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Fig.1. Biplot of principal component analysis for morphological and physiological responses in tree
North Africa Hulless barley varieties.
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Moreover, highly significant differences were noticed among the varieties for all the
measured traits. The ANOVA also displays a significant interaction between varieties and
treatments for the morphological and physiological parameters.

3.2.Effect of cadmium stress on morphological and physiological traits.

The comparisons of means (table 2) showed a significant reduction in morphological as
well as physiological traits in response to cadmium stress. At moderate stress (15 mg/kg), all
parameters displayed the lowest reduction percentage, such as FLW, FLA, and FLDW (23%,
34, and 28%, respectively), and FLL, RWC, Fv/Fm, and SPAD index, by about 11%. At
severe cadmium stress (30 mg/kg) morphological parameters exhibited important reductions
of FLW, FLL, FLA, and FLDW by 36%, 31%, 54%, and 43% respectively. Moreover, RWC,
Fv/Fm, and SPAD registered decreases values about 21%.

Table 2: Mean Flag leaf length (FLL), Flag leaf width (FLW), Flag leaf area (FLA), Flag leaf dry
weight (FLDW), water relative content (RWC), total chlorophyll content (SPAD), and Fluorescence
(Fv/Fm) of 3 barley genotypes under cadmium stress conditions.

FLW FLL FLA FLDW RWC Fv/Fm SPAD
Varieties
Assiya 1.672 19.412 26.712 105.568  85.422 0.7682 49.002
Giza 130 1.08b 18.882 17.99® 96.22°  82.55  0.754° 47.98b
Tombari 0.99¢ 11.39° 10.00¢ 78.44¢  7594c  0.720¢ 46.56°
Treatment
Control 1.552 19.682 25.8318 122.66® 93.282 0.8092 53.1762
Stress 1 1.23b 16.46° 17.0229> 88.222°  82.57°  0.752° 47.806°
Stress 2 0.99¢ 13.61°¢ 11.9094¢ 69.333¢  68.02¢ 0.688¢ 42.551¢

3.3.Varietal effect on morphological and physiological traits.

In addition, a mean comparison among hulless barley varieties (Table 2) showed in
Tombari decreases in all morphological traits by about 43%, and physiological parameters
by about 34%. Meanwhile, significant decreases were observed in FLL (38%), FLA (33%),
and FLDW (34%) in Giza 130 variety. No clear differences were obtained among Assiya and
Giza 130 varieties regarding RWC, Fv/Fm, and SPAD index.

Our study revealed that the use of Cadmium (Cd) hindered the growth of three naked
barley types (Assiya, Gizal30, and Tombari), leading to a notable decrease in the length, the
wide and the area of the flag leaf. This effect was more pronounced under severe stress
conditions. Our results align with previous research by [5,6,7], which observed a consistent
reduction in plant height, root and shoot dry weight, and leaf width in cotton and sorghum
varieties exposed to high metal stress levels. Leaf relative water content (RWC) serves as a
crucial indicator of a plant's resilience to stress. Numerous studies have shown that cadmium
stress results in a reduction in plant water content. Our research aligns with these findings,
demonstrating a significant decrease in RWC in hulless barley under cadmium stress
compared to the control group, as reported by [8].

Our research also revealed that exposure to Cadmium (Cd) stress led to significant
decreases in the SPAD index and fluorescence (Fv/Fm) of the flag leaf in hulless barley
compared to the control group. This reduction in the SPAD index was primarily attributed to
non-stomatal factors, as highlighted by Bloomfield et al [9]. Additionally, all varieties
exhibited a decrease in Fv/Fm under Cd stress, indicating a hindrance in photosynthesis, as
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noted by Zouari et al. [10]. The decline in chlorophyll fluorescence parameters suggests that
the plants are experiencing stress, potentially from factors like cadmium toxicity [10].

3.4.The interconnections among the analysed traits

Correlation analyses for different cadmium concentration levels among the studied
traits are shown in table 3. Under control conditions, significant associations were noted
between FLA and Fv/Fm (r = 0.990***) and FLDW (r = 0.930**). Regarding moderate
stress, Fv/Fm was positively correlated to FLA (r = 0.957*%), FLDW (r = 0.994***), and
RWC (r = 0.992***)_ In addition, a positive association was found between RWC and FLA
(r = 0.968**). At both cadmium stress levels, the SPAD index was positively related to
FLDW, FLA, RWC, and Fv/Fm.

Table 3: Correlation matrix (Pearson) among parameters studied under three levels cadmium

concentration.
Control
Variables FLW FLL FLA FLDW RWC Fv/Fm SPAD
FLW 0.350 0.890 0.698 0.628 0.849 0.541
FLL 0.737 0.888 0.871 0.782 0.246
FLA 0.930 0.876 0.990 0.500
FLDW 0.943 0.961 0.343
RWC 0.890 0.115
Fv/Fm 0.477
Cadmium 1
FLW 0.514 0.924 0.822 0.810 0.782 0.819
FLL 0.801 0.897 0.905 0.928 0.767
FLA 0.970 0.968 0.957 0.909
FLDW 0.988 0.994 0.901
RWC 0.992 0.881
Fv/Fm 0.895
Cadmium 2
FLW 0.703 0.947 0911 0.846 0.909 0.898
FLL 0.890 0.917 0.943 0.919 0.899
FLA 0.984 0.946 0.982 0.964
FLDW 0.979 0.995 0.971
RWC 0.978 0.963
Fv/Fm 0.980

Principal component analysis was performed as a second tool across three
concentrations of cadmium levels of the seven parameters shown in Figure 2. The two first
components explained 94.63% of the total variance (87.63% and 7.40 % for PC1 and PC2,
respectively). PC1 separated the control trial on the positive side and the two-level cadmium
trial on the opposite side. In control conditions, all trait values were elevated. Additionally,
there was a distinct pattern where morphological traits leaned towards the positive end of
PCI, correlating negatively with RWC, Fv/Fm, and SPAD in the opposite direction.
Furthermore, there was a positive correlation among all morphological characteristics
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positioned on the negative side of PC1. PC2 highlighted a noticeable distinction between the
Tombari, Gizal30, and Assiya varieties.

4. Conclusion

This study explores the profound influence of cadmium on the morpho-physiological

traits of hulless barley, emphasizing the importance of comprehending these effects to
develop effective mitigation strategies and identify cadmium-tolerant varieties. Among the
varieties examined, Assiya from Morocco demonstrated remarkable resilience to cadmium,
displaying notable enhancements in both physiological and morphological characteristics.

5.
1.

10.

References

Y. Liu, G. Zeng, X. Wang, B. Chen, H. Song, L. Xu, Cadmium accumulation in
Vetiveria zizanioides and its effects on growth, physiological and biochemical
characters. Bioresour. Technol. 101, 6297-6303(2010).
https://doi.org/10.1016/j.biortech.2010.03.028

S. M. Gallego, L. B. Pena, R. A. Barcia, C. E. Azpilicueta, M. F. Iannone, E. P. Rosales,
M. S. Zawoznik, M. D. Groppa, M. P.Benavides,Unravelling cadmium toxicity and
tolerance in plants: Insight into regulatory mechanisms. Environ. Exp. Bot. 83, 33—
46(2012). http://dx.doi.org/10.1016/j.envexpbot.2012.04.006

S. Bouhraoua, M. Ferioun, S. Nassira, A. Boussakouran, M. Akhazzane, D. Belahcen,
K.Hammani, S. Louahlia, Biomass partitioning and physiological responses of four
Moroccan barley varieties subjected to salt stress in a hydroponic system.J. Plant
Biotechnol. 50, 115-126(2023). https://doi.org/10.5010/JPB.2023.50.015.115

C. C. Ogbaga, P. Stepien, G. N. Johnso, Sorghum (Sorghum bicolor) varieties adopt
strongly contrasting strategies in response to drought. Physiol. Plant. 152, 389-
401(2014). https://doi.org/10.1111/ppl.12196

M. J. An, H. J. Wang, H. Fan, J. A. Ippolito, C. Meng, E. Yulian, Y. Li, K. Wang, C.
Wei, Effects of Modifiers on the Growth, Photosynthesis, and Antioxidant Enzymes of
Cotton Under Cadmium Toxicity. J. Plant. Growth. Regul. 38, 1196-1205(2019).
https://doi.org/10.1007/500344-019-09924-x

M. K. Daud, L. Mei, A. Azizullah, M. Dawood, 1. Ali, Q. Mahmood, W. Ullah, M. Jamil,
S. J. Zhu, Leaf-based physiological, metabolic, and ultrastructural changes in cultivated
cotton cultivars under cadmium stress mediated by glutathione. Environ. Sci. Pollut. 23,
15551-15564(2016). https://doi.org/10.1007/s11356-016-6739-5

S. Hasan, Z. Sehar, N. A. Khan, Gibberellic Acid and Sulfur-Mediated Reversal of
Cadmium-Inhibited Photosynthetic Performance in Mungbean (Vigna radiata L.)
Involves Nitric Oxide. J. Plant. Growth. Regul. 39, 1605-1615(2020).
https://doi.org/10.1007/s00344-020-10175-4

X. Liu, Y. Meng, S. Wei, W. Gu, Exogenous hemin confers cadmium tolerance by
decreasing cadmium accumulation and modulating water status and matter accumulation
in maize seedlings. Agronomy .11(2021). https://doi.org/10.3390/agronomy11040739

K. J. Bloomfield, G. D. Farquhar, J. Lloyd Photosynthesis-nitrogen relationships in
tropical forest tree species as affected by soil phosphorus availability: A controlled
environment study. Funct. Plant. Biol. 41, 820-832(2014).
https://doi.org/10.1071/FP13278

M. Zouari, C. Ben Ahmed, W. Zorrig, N. Elloumi, M. Rabhi, D. Delmail, B. Ben Rouina,
P. Labrousse, F. Ben Abdallah Exogenous proline mediates alleviation of cadmium
stress by promoting photosynthetic activity, water status and antioxidative enzymes

activities of young date palm (Phoenix dactylifera L.). Ecotoxicol. Environ. Saf. 128,
100-108(2016). http://dx.doi.org/10.1016/j.ecoenv.2016.02.015

https://doi.org/10.1051/bioconf/202410901023


https://doi.org/10.1016/j.biortech.2010.03.028
http://dx.doi.org/10.1016/j.envexpbot.2012.04.006
https://doi.org/10.5010/JPB.2023.50.015.115
https://doi.org/10.1111/ppl.12196
https://doi.org/10.1007/s00344-019-09924-x
https://doi.org/10.1007/s11356-016-6739-5
https://doi.org/10.1007/s00344-020-10175-4
https://doi.org/10.3390/agronomy11040739
https://doi.org/10.1071/FP13278
http://dx.doi.org/10.1016/j.ecoenv.2016.02.015

