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Abstract. In this study, an attempt has been made to investigate the toxicity of cadmium(Cd), which is widely spread in the environment and is highly toxic and dangerous .In view of the role played by gibberellic acid (GA3 ) in counteracting the inhibitory effect of Cd , the present study was undertaken to investigate the effect of various concentrations (0, 20, 40, 80, 160 ppm) of cadmium chloride (CdCl2) in the presence or absence of 100 ppm  GA3 on the lipid content of cowpea, Vigna unguiculata L., roots and shoots at three vegetative stages (early, intermediate, late) .  In the presence of CdCl2 , the lipid content of Vigna unguiculata roots and shoots decreased progressively in a dose-dependent manner. This decreasing tendency was more significant at the later phenological phases of plant growth . However, when GA3 was applied simultaneously with different concentrations of CdCl2 , the Cd-induced reduction in lipid levels was alleviated to different degrees particularly at the lower Cd doses and during the intermediate stage, followed by the early stage of Vigna unguiculata plant development .  Roots were more significantly affected by Cd treatment and less significantly affected by the combined treatment of Cd and GA3 .
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Introduction

Senescence in plants is generally connected with a decline in the level of phospholipids and galactolipids . At the cellular level, one of the earliest manifestations of senescence is the progressive loss of membrane integrity, leading to an increase of leakiness of the cell and its organelles [1].  Such alterations were also seen after various kinds of stress [2].  Baszynski et al. [3] indicated ultrastructural senescence-like effects in chloroplasts of Cd-treated tomato, Lycopersicom esculentum, plants.  These effects were reported to result as a consequence of acyl lipid degradation, essentially in grana thylakoid, with a release from these membrane regions of unsaturated fatty acids responsible for the inhibition of photosystem II [4]. Changes in general lipid metabolism and fatty acid synthesis were reported in the presence of heavy metals [5].  In fact, almost every known 

environmental factor can affect lipid metabolism either directly or indirectly [6]. Excess metal ions have been reported to alter membrane lipids including their amount, ratio of the various classes and degree of saturation.  However, the specificity and the degree of  changes vary with  the metal and  plant  species [7].


Gibberellic acid affects several metabolic pathways, and this was believed to be due to its effect on several enzymes.  Halevy [8] reported that GA3 stimulates hypocotyl growth of cucumber, Cucumis sativus L. with a simultaneous inhibition of peroxidase and IAA-oxidase activities in this organ, and to a lesser degree in the cotyledon.  Various studies suggested that plant hormones play a regulatory role in selective ion uptake and distribution in plants by affecting membrane properties and inconsequence transport of various substances, including the different assimilates [9]. Wood and Paleg [10] observed qualitative and quantitative changes in certain membrane systems in the cell by GA3. Further studies on liposomes led to the hypothesis that hormonal regulation by GA3  may consist of a direct effect on the physical properties of the phospholipid moiety of natural membranes [11].  It was believed that heavy metals alter the hormone content in plants [12], and that application of hormones to heavy metal stressed plants reduced the  uptake of  these metals [13].


The present study was conducted to investigate the effect of different concentrations of CdCl2 (0, 20, 40, 80, 160 ppm) alone or in combination with GA3 (100 ppm) on the lipid content of Vigna unguiculata roots and shoots at three stages of plant growth (early, intermediate, late).

Material and Methods

Surface sterilized Vigna unguiculata seeds were sown (3 seeds in each pot) in the greenhouse under natural light conditions at 25oC-30 o C in 216 pots (15cm in diameter) containing a mixture of peat moss and sand (1:1), irrigated with distilled water for 15 days, after which they were divided into three groups (72 pots each).  Plants of the first, the second and the third group were allowed to grow for 15, 30 and 45 days prior to any treatment and were called early, intermediate and late stages, respectively.  The pots of each group were subdivided into two sets.  Pots of the first set were irrigated with distilled water containing 20, 40, 80 and 160 ppm CdCl2, and the pots of the second set were irrigated with the same concentrations of CdCl2, and in addition 100 ppm GA3 was sprayed on each strategy.  [The 100 ppm GA3 was selected as the optimal concentration after preliminary experiments carried out using different levels of the hormone].  The control group was irrigated only with distilled water.  Plants were allowed to grow for a period of two weeks following treatment, after which they were harvested (30, 45, 60 days old). Lipids of dry root and shoot tissues were extracted with pure dry ether using a soxhlet and then determined gravimetrically according to the method described by Abdel Hafez [14].

Statistical analysis

The data were subjected to analysis of variance using the statistical program Minitab. Means and standard deviations were obtained, and the LSD at P ( 0.01 and P ( 0.05 were calculated to compare the significance of the difference between any two group’s [15].

Results and Discussion

A decline in the lipid content of Vigna unguiculata roots and shoots, a trend which was more significant at higher Cd concentrations and during the early growth stage, became less significant with further development.  Furthermore, the decline in lipid content was relatively more in roots than in shoots.  Reduction in lipid content under Cd treatment has been reported by various workers; Baszynski [4]; Krupa and Baszynski [16] and Skorzynska etal [17].  The observed decrease in lipid levels of Vigna unguiculata roots and shoots may be related to the intensified activity of the enzymes responsible for lipid degradation [18].  Enzyme induction was attributed to Cd interference with the repressor protein operating at the level of transcription and translation by reducing its concentration, thus leading to partial or complete derepression of the synthesis of certain other proteins [19].  In view of this postulate, one may expect that the resultant rate of enzyme synthesis in the presence of Cd should become higher than that of the untreated control.  Peroxidase induction of Vigna unguiculata roots and shoots by CdCl2 was reported by Al-Rumaih [20], which corresponded with the present decrease in lipid levels .  Mohan and Hossetti [21] attributed the Cd-induced peroxidase activity, which was demonstrated by an increase in the production of secondary metabolites like hydrogen peroxides, thiols and phenols to senescence of lemna minor plants. Thus, Cd toxicity may be considered as a stress factor, which stimulates peroxidase activity resulting in the degradation of key metabolites such as chlorophylls, proteins and RNA [20], as well as lipids.  Skorzynska et al. [17] pointed to the role of galactolipase in enhancing the degradation mechanism in Cd-treated runner bean, Phaseolus coccineus L., plants that was accompanied by the decrease in lipid levels and the release of a large amount of linoleic acid, the promoter of many catabolic reactions [22]. Other studies reported the involvement of phospholipase in the degradation of storage and membrane phospholipids [23]. On the other hand, the decrease in lipid content of Vigna unguiculata roots and shoots may possibly be attributed to Cd interference with lipid biosynthesis. This suggestion was confirmed by the study of Van Assche and Clijsters [24] which indicated a limited supply of ATP and NADPH under stress conditions.  Hence, one may assume that since lipid synthesis is ATP dependent, Cd stress certainly induced a decrease in energy charge which probably contributed to the decrease in lipid content of Vigna unguiculata roots and shoots.

The present results further showed that the Cd-induced reduction in lipid levels of Vigna unguiculata roots and shoots was relieved to different degrees when GA3 was applied simultaneously with different concentrations of CdCl2  (Tables 1-3).  Gibberellic acid protection appears to be more effective against Cd toxicity at lower Cd doses (20 and 40 ppm) and when treatment was conducted at the intermediate stage, followed by the early growth stage (Tables 1 and 2).  The increase in lipid content of Vigna unguiculata roots and shoots may be linked to the role of GA3 in retarding the expression and activity of the degradative enzyme peroxidase.  A decrease in peroxidase activity by GA3 was reported by various workers in different plant species; McCune and Galston [25] in pea, Pisum sativum L.; Halevy [8] in cucumber, Cucumis sativus and Monselise and Halevy [26] in citrus, Citrus sinesus.  Furthermore, the present increase in lipid content of Vigna unguiculata roots and shoots paralleled the decline in peroxidase activity observed by Al- Rumaih [20]. Hence, the ability of GA3 to reverse the lowering of lipid levels of Vigna unguiculata roots and shoots may be associated with its capacity to counteract the peroxidase formed under Cd stress, resulting in the present increase in lipid levels.  On the other hand, the increase in lipid content of Vigna unguiculata roots and shoots may be attributed to the hormone role in stimulating synthesis of the enzymes involved in lipid biosynthesis. Jones and Mac Millan [27] confirmed this assumption indicating that GA3 exerts its control on gene expression to bring about the synthesis of an RNA specific for the proteins to be synthesized, which may include the enzymes necessary for lipid biosynthesis. This possibly points out to a deficiency of endogenous gibberellins in Cd-treated Vigna unguiculata plants which was linked to the decline in the ability of the cells to synthesize proteins. The evidence presented suggests that a major function of GA3 in retarding senescence lie in the regulation of the DNA dependent synthesis of RNA.

Table 1. The effect of various concentrations of CdCl2 in the presence or absence of GA3 on lipid content of Vigna unguiculata L.,    shoots and roots  at the early developmental  stage

	Concentration (ppm)
	                   Lipids (mg/g) Mean ( SD                 

	Cd
	GA3
	Shoot
	Root

	0
	0
	35.28 ( 1.59
	14.86 ± 0.94

	20
	0
	31.68 ( 1.08
	11.84 ± 0.95**

	20
	100
	40.40 ( 1.86++
	13.98 ± 1.23+

	40
	0
	28.16 ( 1.39**
	11.94 ± 0.96**

	40
	100
	35.64 ( 2.54++
	13.61 ± 0.78

	80
	0
	23.92 ( 3.62**
	8.64 ± 0.88**

	80
	100
	27.36 ( 2.71
	9.48 ± 1.66

	160
	0
	18.52 ( 1.90**
	5.36 ± 0.98*

	160
	100
	19.82 ( 3.70
	5.62 ± .0.86

	Cd
	LSD at 5%
	3.84
	1.71

	
	LSD at 1%
	5.46
	2.43

	Cd +GA3
	LSD at 5%
	4.70
	1.92

	
	LSD at 1%
	6.68
	3.19


** and * denote significant differences between Cd-treated plants and controls at the 0.01 and 0.05% levels, respectively.

++ and + denote significant differences between plants treated with GA3 + Cd and plants treated with Cd alone at the 0.01 and 0.05% levels, respectively.

In conclusion, this study has shown a significant dose and stage dependent decline in lipid levels of Vigna unguiculata plants by Cd treatment, which was overcome by GA3, particularly at the lower Cd concentrations. This finding indicates the need for control of environmental pollution of heavy metals in an attempt to protect the entire biosphere from their toxicity, since some of the results presented in this paper indicated that the adverse effect can be overcome, at least, partially by gibberellic acid.

Table 2. The effect of various concentrations of CdCl2 in the presence or absence of GA3 on lipid content of Vigna unguiculata L., shoots and roots at the intermediate developmental stage

	Concentration (ppm)
	                   Lipids (mg/g) Mean ( SD              

	Cd
	GA3
	Shoot
	Root

	0
	0
	42.16 ± 2.78
	17.92 ± 1.12

	20
	0
	39.68 ± 1.50
	14.70 ± 1.94

	20
	100
	53.04 ± 2.70++
	18.74 ± 1.23++

	40
	0
	37.72 ± 2.71
	14.88 ± 1.15*

	40
	100
	47.73 ± 2.74++
	17.96 ± 1.65+

	80
	0
	36.04 ± 3.53*
	13.90 ± 1.26**

	80
	100
	42.88 ± 3.53+
	15.78 ± 1.81

	160
	0
	34.16 ± 1.85**
	12.44 ± 1.47**

	160
	100
	38.32 ± 3.74
	13.60 ± 1.61

	Cd
	LSD at 5%
	4.69
	2.58

	
	LSD at 1%
	6.67
	3.68

	Cd +GA3
	LSD at 5%
	5.71
	2.74

	
	LSD at 1%
	8.12
	3.90


** and * denote significant differences between Cd-treated plants and controls at the 0.01 and 0.05% levels, respectively.

++ and + denote significant differences between plants treated with GA3 + Cd and plants treated with Cd alone at the 0.01 and 0.05% levels, respectively.

Table 3. The effect of various concentrations of CdCl2 in the presence or absence of GA3 on lipid content of Vigna unguiculata L., shoots and roots at the late developmental stage

	Concentration (ppm)
	                 Lipids (mg/g) Mean ( SD                

	Cd
	GA3
	Shoot
	Root

	0
	0
	44.16 ± 1.80
	18.62 ± 1.07

	20
	0
	42.84 ± 1.42
	17.66 ± 0.79

	20
	100
	51.44 ± 2.79++
	19.92 ± 1.80

	40
	0
	42.08 ± 1.68
	17.20 ± 0.90

	40
	100
	49.12 ± 1.97++
	18.82 ± 1.91

	80
	0
	41.20 ± 2.60
	16.68 ± 1.10*

	80
	100
	45.80 ± 2.69
	17.50 ± 1.45

	160
	0
	39.48 ± 1.50*
	15.84 ± 1.30**

	160
	100
	40.92 ±3.58
	16.14 ± 1.68

	Cd
	LSD at 5%
	3.36
	1.91

	
	LSD at 1%
	4.78
	2.71

	Cd+GA3
	LSD at 5%
	4.80
	2.93

	
	LSD at 1%
	6.83
	4.16


** and * denote significant differences between Cd-treated plants and controls at the 0.01 and 0.05% levels, respectively.

++ and + denote significant differences between plants treated with GA3 + Cd and plants treated with Cd alone at the 0.01 and 0.05% levels, respectively.
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تأثير الكادميوم على محتوى اللبيدات في نباتات اللوبيا (Vigna unguiculata)
في وجود او غياب حمض الجبريليك

منى محمد منصور الرميح

قسم النبات والأحياء الدقيقة، كلية العلوم، جامعة الملك سعود، الرياض

(قدم للنشر في 8/10/ 1422؛ وقبل للنشر في 2/2/1423هـ)
ملخص البحث. تضمن هذا البحث دراسة تأثير تركيزات مختلفة (صفر، 20، 40، 80، 160 جزء في المليون) من كلوريد الكادميوم (CdCL2) في وجود أو غياب حمض الجبريليك ( GA3) على محتوى اللبيدات في نبات اللوبيا (Vigna unguiculata)، وذلك في ثلاث مراحل من النمو الخضري (مبكرة، متوسطة، متاخرة). كذلك تم إضافة حمض الجبريليك  بتركيز 100جزء في المليون إلى كل من التركيزات السابقة لكلوريد الكادميوم في محاولة لتخفيف التأثير الضار الذي يسببه المعدن الثقيل. أوضحت النتائج انخفاض محتوى اللبيدات في كل من المجموع الخضري والمجموع الجذري لنبات اللوبيا، وزاد هذا التأثير مع زيادة تركيز الكادميوم في بيئة النمو وباستمرار نمو النبات لتصبح المرحلة المتأخرة من النمو أقل المراحل تاثرا. ومن جهة أخرى  ازداد محتوى اللبيدات عند إضافة حمض الجبريليك  دالاً بذلك على دوره  في تخفيف التأثير المثبط الناتج عن المعدن الثقيل خاصة في التركيزات المنخفضة (20، 40 جزء في المليون). وقد كانت المرحلة المتوسطة للنمو أكثرالمراحل تأثراً بالهرمون وتلتها المرحلة المبكرة.وكان المجموع الجذري أكثر تاثرا بمعاملات الكادميوم واقل تاثرا بالمعاملة المزدوجة للكادميوم وحمض الجبريليك مقارنة بالمجموع الخضري .
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