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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. 

 
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-1 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. 

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

 

 

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. 

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. 

 

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. 

 

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, Giza130, 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]. 

 

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. 

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 

PC1, correlating negatively with RWC, Fv/Fm, and SPAD in the opposite direction. 

Furthermore, there was a positive correlation among all morphological characteristics 

 

4

BIO Web of Conferences 109, 01023 (2024)
WA2EN2023

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



positioned on the negative side of PC1. PC2 highlighted a noticeable distinction between the 

Tombari, Giza130, and Assiya varieties. 

 
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.

 

 

   

 

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

5

BIO Web of Conferences 109, 01023 (2024)
WA2EN2023

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

