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ABSTRACT 

This study was conducted at the College of Agricultural Engineering Science, University of Duhok, 

Kurdistan region. The aim of this work is to study the influence of Cadmium at (0, 50, 100) mg/kg
-1

 and 

Nickel fertilizer at (0, 50, 100, 150) mg/kg
-1

 concentrations on the seed germination, photosynthesis 

pigments and vegetative part of Trigonell afoenum-graecum .The results conducted that the heavy metals 

(Cd and Ni) and interaction between 50mg/kg
-1

 of nickel with control has a significant effect on the high of 

plant. Moreover, the 100 mg/kg
-1

 of cadmium and the interaction of 100 mg/kg
-1

 cadmium with control of 

nickel produce a high value of fresh weight of vegetative part, in addition, the application of 100 mg/kg
-1

 

cadmium and combination with the control and interaction between 100 mg/kg
-1

 of cadmium and nickel 

had a great effect on the weight of root. The dry weight of plant was improved by adding 100 mg/kg
-1

   for 

each of cadmium and nickel but the best value was the combination of 100 mg/kg
-1

 of cadmium with 

nickel, as well as, the interaction 50 mg/kg
-1

 of cadmium with control had great impact on the seed 

germination, There was a significant influence of Cd and Ni on the 50 mg/kg
-1

 and 100 mg/kg
-1

 of 

cadmium and 150 mg/kg-1 of nickel, ß carotene 100 mg/kg
-1

  both of the Cd and Ni, while the total 

carotene concentration was effected by the 50 mg/kg
-1

 for both and 150 mg/kg
-1

 of nickel and Zeazanthen 

concentration 100mg/kg
-1

 of cadmium with effect of all levels of nickel, additionally, the concentration of £ 

carotene, ß carotene and Zeazanthen was effected by the interaction of 100 mg/kg
-1

 of Cd and Ni and 

interaction of all levels of Cd and Ni was significantly affected total carotene concentration. 
 

KEYWORD: Nickel, Cadmium, Fenugreek, Photothynsises Pigments, Vegetative Growth, 

Phytotoxicity    

 

 

 

1. INTRODUCTION 

 

ndustrialization and rapid urbanization 

have has accumulate some of pollutants 

like heavy metals, chemical fertilizers, pesticides 

in the resources of nature such as air, water and 

soil, as well as the heavy metal present naturally 

in the soil, the geological and anthropogenic 

activities increase the rate of concentration of 

compounds to be harmful and toxic to both 

animals and plants (Singh, 2020). The heavy 

metals toxicity is an issue for the reasons of 

environment, ecological and evolutionary 

reasons (Nagajyoti et al., 2008). Heavy metals 

are common pollutants in urban aquatic 

ecosystems and in contrast to most pollutants, 

are not biodegradable and are thus persistent in 

the environment. Many metals, a number of 

which are non-essential to plant and animal 

metabolism, are often toxic in low 

concentrations (Baker, 1981). Furthermore, 

heavy metals such as mercury, cobalt, copper, 

chromium, lead, nickel and cadmium are 

pollutants of environment that led to toxic 

influence on plants (Singh, 2020). Nickel and 

Cadmium are the most abundant heavy metals. It 

is well known that heavy metals are among the 

most toxic and environmentally hazardous 

pollutants. The toxicity of nickel obvious on 

affecting activities of enzyme such as protease, 

ribonuclease and amylase hence led to retarding 

plant growth and seed germination (Ahmad et 

al., 2011). As well as, impact on the 

mobilization and digestion of some reserved 

food such as carbohydrates and proteins in seed 

germination (Ashraf et al., 2011). Moreover, it 

reduce root length, plant height, activities of 

carbonic anhydrase enzyme, chlorophyll content 

and fresh and dry weight of plant (Siddiqui, et 

al., 2011). The stress of nickel also highlighted 

in another study that influence on lessen yield, 

accumulation of K+, Ca+ and Na+ and 

photosynthetic pigments (Ahmad et al., 2007). 

Rising the rate of Ni concentration can alter the 
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metabolism of plant that cause growth and 

germination inhibition (Khan and Khan, 2010). 

The visible symtoms of Ni toxicity is existing of 

necrosis, chlorosis and stunted growth on the 

leaf of plant (Seregin and Kozhevnikova, 2006). 

Ni with the high rate of concentration can inhibit 

chlorophyll biosynthesis and production of dry 

matter (Ahmed et al., 2010). In addition, the 

high toxicity of cadmium as a heavy metal has a 

10-30 years of half-life elimination (Jan, et al., 

1999). A high cadmium concentration in soil led 

to high threats to the health of human (Alvarez-

Ayuso, 2008). Also it’s been investigated by 

Iqbal and Mehmood (1991) that some trees 

growth and germination affected by the toxicity 

of cadmium. Cadmium reduce carotenoid and 

chlorophyll content content, but increase the 

quenching non-photochemical in Brassica napus 

(Ali et al., 2015). The decreasing in the content 

of chlorophyll is caused by the chloroplast 

structures destruction by cadmium also increase 

degradation and chlorophyll synthesis inhibition 

(Liu et al., 1995). Moreover, cadmium damage 

photosystems I and II (Siedlecka, 1996) and 

harvesting complex light II (Krupa, 1988). 

Fenugreek (Trigonell afoenum-graecum) is 

an annual plant in the family of Fabaceae. The 

seeds of this plant are used by people in Asia, 

Africa and Mediterranean countries as one of the 

ingredients in daily diet (Smith, 2003). Today, it 

is considered as one of the leading functional 

foods in the market with anecdotal traits ranging 

from ameliorating diseases to improving health. 

The fenugreek seeds contain polyphenolic 

compounds, which have been correlated to the 

beneficial health effects of fenugreek (Rayyan et 

al, 2010). Steroidal saponins in fenugreek seeds 

increase appetite, while inducing hyper in 

sulinemia and decreasing plasma total 

cholesterol levels (Taylor et al., 1997; 

Yoshikawa et al., 1997). It is also a rich source 

of polysaccharides and galactomannan (Jiang et 

al., 2007). The seeds of fenugreek plant 

(Trigonell afoenum-graecum) are widely used in 

the preparation of seasonings, pickles, curry 

powders and dietary supplements. The fenugreek 

seeds are also used in traditional Medicine to 

relieve the common cold, arthritic pain and high 

blood sugar. Thus, the main aim of this research 

is to determine the effect of heavy metals 

specially (cadmium and nickel) on all of 

photosynthesis pigments, seed germination and 

vegetative growth of fenugreek plant. 

 

 

MATERIALS AND METHODS 

 
This study was carried out in the greenhouse of 

department Horticulture / College of agricultural 

Engineering Science /University of Duhok from 

1/February /2011 to 31/October /2011.  The 

seeds were bought from the local market and the 

variety was confirmed by plant classification 

specialist in the College of agricultural 

Engineering Science. Seeds were germinated in 

petri dishes after being soaked in the solutions of  

cadmium at (0, 50, 100) mg/kg
-1 

and then Nickel 

was added sequentially by irrigation at (0, 50, 

100, 150) mg/kg
-1

  for two days then incubated 

to tested  the percentage of seed germination and  

imbibition of seeds.  Then for the rest of studied 

characteristics another group of seeds socked in 

water for two days were planted in the pots that 

filled with sandy soils (3 kg) rinsed by water 

several times placed in the greenhouse. After the 

formation of 4-6 pairs of leaves on the plants 

was added as a first batch the solution of 

cadmium at different concentrations (0, 50, 100) 

mg/kg
-1 

and then solution of Nickel was added 

sequentially at different concentrations (0, 50, 

100, 150) mg/kg
-1

. The plants were followed up 

and all agricultural service operations were 

carried out by irrigation, deforestation, and 

provision of light, humidity and suitable 

temperature according to plant requirements. 

The experimental treatments consisted of three 

replications in Random Complete Block Design 

(RCBD). The experimental measurements are high 

of plant, number of leaves per plant, number of 

branches per plant, number of legume per plant, 

number of seeds, fresh weight of vegetative part, 

fresh weight of roots system, dry weight of 

vegetative part, dry weight of roots system, 

imbibition of seeds , seeds germination percentage 

,Chlorophyll pigments; Chlorophyll content and 

Zeazanthen (mg.g
-1
 fresh weight); For determining 

chlorophylls a, b and total chlorophyll, 5 to 10 leaves 

from each transplant were taken, collected in 

polyethylene bags, and transferred quickly to 

laboratory. One g from each sample was taken and 

transferred to 30 ml ethanol (98%) for 72 hrs and 

repeated 3 times. When chlorophyll pigment was 

completely extracted into ethanol, the maximum 

absorbance (a and b) of the solution were determined 

spectrophoto-metrically at 2 wavelengths (642 and 

660 nm) respectively, as well as, the zeazanthen was 

estimated by the same way with wavelength 

(453nm). Total chlorophyll content of leaves (mg.g-1 

fresh weight) was calculated according to (Knudson 

et a.l, 1977) and shown in the equations (1, 2 and 3)
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Chlorophyll (a)  
 13.70 660A – 5.76 642A)    in l ext   t volu e

   ple weight       
 ……………………….… 1) 

Chlorophyll (b)  
 25.8 649A – 7.60 660A)    in l ext   t volu e

   ple weight        
………………………….… 2) 

Tot l Chlo ophyll = Chlo ophyll   + Chlo ophyll b………………………………… 3) 

660A = wavelength value at 660  

             642A = wavelength value at 642 

 

 

While Tot l, £  nd β    otene we e esti  ted  t 

wave lengths (480, 424 and 429 nm) respectively by 

the method described by taking 5-10 leaves from 

each transplant (Tattini et al., 1988), mixed, collected 

in polyethylene bags, and transferred quickly to 

laboratory, 0.5g of each fresh soft leaves sample was 

taken and ground with 10 ml of 80% acetone. It was 

then centrifuged at 5000 –10000 rpm for 5 min. One 

ml from the supernatant solution was taken and 10 ml 

of acetone was added to it. The absorbance of the 

solution was red at 480 nm compared with the blank 

(acetone), and the concentration of carotene as (mg.g
-

1
) fresh weight was measured using equation (4)

 

Total carotene (mg.g-1) = mg.kg
-1
 × 100/1000 × s  ple weight…………………………… 4)  

 

 

2. RESULTS AND DISCUSSION 

 

Data in table (1) clearly showed that the both 

cadmium and Nickel had no significant effect on 

the high of the plant. The interaction of control 

of Cadmium with 50 mg/kg
-1

 of Nickel produce 

a high value of high of plant which was recorded 

as (41.417cm) compared with other 

 o bin tions t e t ents. It’s  le  ly found in the 

table (1) that the Cadmium and Nickel and the 

inte   tion   ong the  don’t h d  ny effe t on 

modifying the number of leaves, number of 

branches and number of legume per fenugreek 

plant. It was obviously showed that the cadmium 

had no significant effect on number of seeds per 

plant. While, a control of Nickel had a 

significant effect on number of seeds per plant 

compared with other treatments with (17.778), 

the result was agreed with the finding of Singh 

and Singh (1996) and Farooqui et.al. (2009), 

whom also reported decreasing seed germination 

by increasing the rate of added Nickel, this 

might be due to existing of toxic or inhibitory 

materials which degraded metabolic reaction, 

and this toxic materials disturb the repair 

mechanism and metabolism which directly 

influence cell elongation and division, As well 

as, impact on the mobilization and digestion of 

some reserved food such as carbohydrates and 

proteins in seed germination (Ashraf et al., 

2011). The interaction among Cadmium and 

Nickel don’t h d  ny effe t on  odifying the 

number of seeds per plant. Decreasing in nickel 

content in plant will decrease the shoot system, 

Khalid and Tinsley (1980), reported that 

decreasing the nickel in the plant will lead to 

reduction in shoot yield of the Rye grass. In 

addition, cadmium toxicity may reduce the 

growth of root and shoot system of wheat plant 

(Ahmed et al., 2012). The plant does not need a 

large amount of Nickel for their growth which 

include branches, leaves and number of seeds. 

Thus, the plant during their growth needs very 

low amount of Nickel (Asati et al., 2016), 

moreover, there was a reduction in leaf area, 

SPAD value of leaves, transpiration, shoot 

growth and photosynthesis of leaves after 

applying heavy metal especially cadmium and 

lead on hackberry seedlings (Hatamian, et al., 

2020), as well as, Shanker et al., (2005) 

highlighted that a healthy leaves development, 

growth and total number of leaves contribute in 

the yield of crops.
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Table (1): Effect of Cadmium and Nickel concentration on high of plant
-1

, number of leaves per plant
-1

, 

number of branches per plant, number of legume per plant  and number of seeds of fenugreek plant 

(Trigonell afoenum-graecum). 

Cadmium 

concentrations 

High of plant(cm) Mean of cadmium 

Nickel concentrations 

0.0 mg/kg
-1
 50 mg/kg

-1
 100 mg/kg

-1
 150 mg/kg

-1
 

0.0 mg/kg
-1
 35.083ab 41.417a    33.943ab   29.333ab   34.944 a 

50 mg/kg
-1
 26.553b 32.833ab 33.750ab 39.470ab 33.152a 

100 mg/kg
-1
 37.667ab 40.250ab 39.387ab 35.470ab 38.193a 

Mean of nickel 

 

33.101a 38.167a 35.693a 34.758a  

Cadmium 

concentration 

Number of leaves per plant 

 

Mean of cadmium 

0.0 mg/kg
-1
 24.670a 28.670a 27.000a 37.330a 29.417a 

50 mg/kg
-1
 52.000a 30.670a 40.000a 55.670a 44.583a 

100 mg/kg
-1
 37.670a 29.670a 56.330a 34.000a 39.417a 

Mean of nickel 

 

38.111a 29.667a 41.111a 42.333a  

Cadmium 

concentration 

Number of branches per plant Mean of cadmium 

0.0 mg/kg
-1
 3.000a 5.000a 4.333a 5.333 a 4.417a 

50 mg/kg
-1
 7.000a 3.667a 5.000a 7.000 a 5.667a 

100 mg/kg
-1
 4.667a 4.000a 8.000a 4.333a 5.250a 

Mean of nickel 

 

4.889a 4.222a 5.778a 5.556a  

Cadmium 

concentration 

Number of legume per plant Mean of cadmium 

0.0 mg/kg
-1
 4.333a 4.333a 4.000a 5.000a 4.417a 

50 mg/kg
-1
 7.333a 5.000a 6.667a 10.000a 7.250a 

100 mg/kg
-1
 5.333a 4.000a 6.667a 3.667a 4.917a 

Mean of nickel 

 

5.667a 4.444a 5.778a 6.222a 

 

 

Cadmium 

concentration 

Number of seeds per plant Mean of cadmium 

0.0 mg/kg
-1
 18.333a 17.000a 16.667a 14.667a 16.667a 

50 mg/kg
-1
 16.333a 17.667a 18.333a 15.000a 16.833a 

100 mg/kg
-1
 18.667a 14.000a 13.667a 14.000a 15.083a 

Mean of nickel 

 

17.778a 16.222ab 16.222ab 14.556b  

*Me ns followed by the s  e lette  fo  e  h f  to   nd inte   tion do not diffe  signifi  ntly f o  e  h othe ’s 

   o ding to Dun  n’s Multiple   nge Test  t 5% level.  

 

The data in the table (2) clearly showed that 

the cadmium had a significant increase in the 

fresh weight of vegetative part of the plant 

especially at 100 mg/kg
-1

 which recorded 

(7.208g) compared with control which was 

(4.716g). Nickel had no significant effect on the 

fresh weight of vegetative part of plant. The 

interaction of 100mg/kg
-1

 of Cadmium with 

control of Nickel produce a high value of fresh 

weight which recorded as (9.600g) compared 

with other combinations treatments. The fresh 

weight of roots was highly effected by the 

application of cadmium especially at third 

concentration 100 mg/kg
-1

 which was (2.266g) 

which not differed significantly with second 

concentration of Cadmium (2.016g) but in 

compaction with control there was a clear effect. 

In the same table it found that Nickel had no 

significant effect on fresh weight of roots 

system. In the duel interaction between 100 

mg/kg
-1

 of cadmium and 100 mg/kg
-1

 of Nickel 

was the best interaction affecting the fresh 

weight of root compared with all other 

combinations. The data in this table showed that 
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the cadmium lead to improve the dry weight of 

fenugreek plant mainly at 100 mg/kg
-1

 which 

recorded high value (4.033g) as compared with 

control (2.058g). And the high value of dry 

weight was obtained with 100 mg/kg
-1

 of Nickel 

compared with other treatments. The high rate of 

Ni reduce root length, plant height, activities of 

carbonic anhydrase enzyme, chlorophyll content 

and fresh and dry weight of plant (Siddiqui et 

al., 2011). Rising the rate of Ni concentration 

can alter the metabolism of plant that cause 

growth and germination inhibition (Khan and 

Khan, 2010). The best interaction affecting on 

dry weight was cadmium 100 mg/kg
-1

 with 

Nickel 100 mg/kg
-1
. It’s  le  ly found in the 

table that the Cadmium and Nickel and the 

inte   tion   ong the  don’t h d  ny effe t on 

modifying the dry weight of fenugreek plant 

roots and Imbibition of seeds. The data in the 

same table indicated that the cadmium had no 

significant effect on seed germination, in the 

other hand the Nickel become a reason on 

deceasing the seed germination rate compared 

with control. The finding was agreed with the 

result of (Singh and Singh (1996) and Farooqui 

et al., (2009), whom highlighted that there was a 

declining in the survival of seedlings and seed 

germination percentage with the increasing the 

rate of nickel concentration. This may be due to 

the existing of the certain toxic and inhibitory 

substances which led to disturb the activity of 

metabolism (Ananthaswamy et al., 1971). As 

well as the most obvious response of Ni on the 

division of cell is sharp decrease in the activity 

of mitotic stage with the increasing of Ni 

concentrations while in control is quite normal 

(Singh, 2020), in addition, The toxicity of nickel 

obvious on affecting activities of enzyme such as 

protease, ribonuclease and amylase hence led to 

retarding plant growth and seed germination 

(Ahmad et al., 2011). Which recorded high 

germination rate (91.333%). The interaction 

between 50 mg/kg-1 of Cadmium and control (0 

mg/kg-1) of Nickel had a high rate of seed 

germination which was (95%) as compared with 

other treatment combinations. There are many 

studies work on the effect of the heavy metals on 

plant (Aery and Tiagi, 1985; Ghosh and Singh, 

2005) and has an impact on plant under 

condition of stress (Shah and Dubey, 1995). 

Menon et al., (2016) reported that the heavy 

metals (Cr, Cu and Zn) have a toxic effect on the 

growth of the fenugreek which decrease the 

germination percentage of their seedlings 

compared to the control.

    

Table (2): Effect of Cadmium and Nickel concentrations on fresh weight of vegetative part (g.plant
-1

), 

fresh weight of roots (g.plant
-1

), dry weight of vegetative part (g.plant
-1

), dry weight of roots (g.plant
-1

), 

imbibition of seeds and seeds germination % of fenugreek plant (Trigonell afoenum-graecum). 

Cadmium 

concentrations 

Fresh weight of vegetative part(g) Mean of cadmium 

Nickel concentrations 

0.0 mg/kg
-1
 50 mg/kg

-1
 100 mg/kg

-1
 150 mg/kg

-1
 

0.0 mg/kg
-1
 3.800c 5.933a-c 4.367bc 4.767bc 4.716b 

 

50 mg/kg
-1
 8.933a 7.167a-c 8.033ab 4.700bc 7.208a 

 

100 mg/kg
-1
 9.600a 3.703c 7.567a-c 4.100bc 6.267ab 

 

Mean of nickel 

 

7.444a 5.601ab 6.655a 7.444a  

Cadmium 

concentration 

Fresh weight of roots 

 

Mean of cadmium 

0.0 mg/kg
-1
 1.266c 1.633bc 1.100c 1.233c 1.333b 

 

50 mg/kg
-1
 2.500a-c 1.700bc 1.900a-c 1.966a-c 2.016ab 

 

100 mg/kg
-1
 3.033ab 1.500bc 3.400a 1.133c 2.266a 

 

Mean of nickel 

 

2.266a 1.611a 2.166a 1.444a  

Cadmium Dry weight of vegetative part(g) Mean of cadmium 



Journal of University of Duhok., Vol. 25, No.1 (Agri. and Vet. Sciences), Pp 88-100, 2022 
 

 

93 

concentration 

0.0 mg/kg
-1
 2.267bc 3.000a-c 1.900c 1.067c 2.058b 

 

50 mg/kg
-1
 3.767a-c 3.100a-c 4.433a-c 3.233a-c 3.658a 

 

100 mg/kg
-1
 5.600ab 1.933c 6.367a 2.233bc 4.033a 

 

Mean of nickel 

 

3.877ab 2.711ab 4.233a 2.711ab  

Cadmium 

concentration 

Dry weight of roots system(g) Mean of cadmium 

0.0 mg/kg
-1
 0.433a 0.666a 0.233a 0.366a 0.425a 

 

50 mg/kg
-1
 0.800a 0.466a 0.633a 0.800a 0.675a 

 

100 mg/kg
-1
 0.900a 0.500a 1.000a 0.150a 0.675a 

 

Mean of nickel 

 

0.711a 0.544a 0.622a 0.488a  

Cadmium 

concentration 

Imbibition of seeds Mean of cadmium 

0.0 mg/kg
-1
 3.623a 4.307a 3.833a 3.712a 3.869a 

 

50 mg/kg
-1
 3.873a 4.130a 3.871a 3.903a 3.944a 

 

100 mg/kg
-1
 4.016a 3.916a 4.209a 4.278a 4.105a 

 

Mean of nickel 

 

3.837a 4.117a 3.971a 3.964a  

Cadmium 

concentration 

Seeds germination% Mean of cadmium 

0.0 mg/kg
-1
 90.000ab 65.000d 79.667bc 63.333d 74.500a 

 

50 mg/kg
-1
 95.000a 45.000e 70.000cd 95.667a 76.417a 

 

100 mg/kg
-1
 89.000ab 79.333bc 74.000cd 74.667cd 79.250a 

 

Mean of nickel 

 

91.333a 63.111c 74.556b 77.889b  

*Me ns followed by the s  e lette  fo  e  h f  to   nd inte   tion do not diffe  signifi  ntly f o  e  h othe ’s 

   o ding to Dun  n’s Multiple   nge Test  t 5% level.  

 
The findings in the table (3) showed that the 

cadmium had a significant increase in the £ 

carotene concentration of the plant especially at 

50 and 100 mg/kg
-1

 which recorded (1.232 and 

1.446mg g
−1

) respectively compared with control 

which was (0.889mg g
−1

).  Cadmium reduce 

carotenoid and chlorophyll content, but increase 

the quenching non-photochemical in Brassica 

napus (Ali et al., 2015). The decreasing in the 

content of chlorophyll is caused by the 

chloroplast structures destruction by cadmium 

also increase degradation and chlorophyll 

synthesis inhibition (Liu et al., 1995). Moreover, 

cadmium damage photosystems I and II 

(Siedlecka, 1996) and harvesting complex light 

II (Krupa, 1988), sometime the reduction that 

caused by cadmium to the Fe II this decrease 

affect photosynthesis (Alcántara et al, 1994). 

Nickel had a significant effect on the £ carotene 

concentration of plant at 150mg/kg
-1

 with 

(1.311mg g
−1

) compared to control 

(0.975mg g
−1

). The interaction of 100 mg/kg
-1

 of 

cadmium with 100mg/kg
-1

 of Nickel produce a 

high value of £ carotene concentration which 

recorded as (1.677mg g
−1

) compared with other 

combinations treatments. The result also 

revealed that the cadmium had a significant 

increase in the ß carotene concentration of the 
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plant at 100 mg/kg
-1

 which recorded 

(1.324mg g
−1

) compared with control which was 

(0.903mg g
−1

). Nickel had a significant effect on 

the ß carotene concentration of plant at 100 

mg/kg
-1

 with (1.209mg g
−1

) compared to control 

(0.915mg g
−1

). The interaction of 100mg/kg
-1

 of 

cadmium with 100mg/kg
-1

 of Nickel produce a 

high value of ß carotene concentration which 

recorded as (1.592mg g
−1

) compared with other 

combinations treatments. Moreover, the 

cadmium had a significant increase in the total 

carotene concentration of the plant at 50 mg/kg
-1

 

which recorded (0.663mg g
−1

) compared with 

control which was (0.474mg g
−1

) in the table (3). 

Nickel had a significant effect on the total 

carotene concentration of plant at 50 and 150 

mg/kg-1 with (0.662 and 0.648mg g
−1

) 

respectively compared to control (0.429mg g
−1

). 

Almost all the interaction rates of cadmium with 

Nickel produce a high value of total carotene 

concentration except control of cadmium with 

control of Nickel which was the lowest 

(0.100mg g
−1

). Furthermore, the cadmium had a 

significant increase in the Zeazanthen 

concentration of the plant at 100 mg/kg-1 which 

recorded (0.970mg g
−1

) compared with control 

which was (0.578mg g
−1

). Nickel had a 

significant effect on the Zeazanthen 

concentration of plant at all levels with (0.914, 

0.816 and 0.802mg g
−1

) respectively compared 

to control (0.588mg g
−1

). The interaction of 

100mg/kg
-1

 of cadmium with 100mg/kg
-1

 of 

Nickel produce a high value of Zeazanthen 

concentration which recorded as (1.082mg g
−1

) 

compared with other combinations treatments. 

In addition, the table (3) shows that the 

cadmium had a significant increase in the 

Chlorophyll a concentration of the plant at 100 

mg/kg-1 which recorded (0.383mg g
−1

) 

compared with control which was (0.241mg g
−1

). 

Nickel had a significant effect on the 

Chlorophyll a concentration of plant at 100 

mg/kg
-1

 with (0.423mg g
−1

) compared to control 

(0.268mg g
−1

). The interaction of 100mg/kg
-1

 of 

cadmium with 100mg/kg
-1

 of Nickel produce a 

significant increase of Chlorophyll a 

concentration which recorded as (0.523mg g
−1

) 

compared with other combinations treatments. 

As well as, the cadmium had a significant 

increase in the Chlorophyll b concentration of 

the plant at 100 mg/kg
-1

 which recorded 

(0.802mg g
−1

) surprisingly the control had the 

same value of (0.802mg g
−1

). Nickel had a 

significant effect on the Chlorophyll b 

concentration of plant at 50 mg/kg
-1

 with 

(0.717mg g
−1

) compared to control value of 

(0.565mg g
−1

). The interaction of 100mg/kg-1 of 

cadmium with 100mg/kg
-1

 of Nickel produce a 

significant increase of Chlorophyll b 

concentration which recorded as (0.872mg g
−1

) 

compared with other combinations treatments. 

Additionally, the cadmium had a significant 

increase in the total Chlorophyll of the plant 

especially at 50 and 100mg/kg
-1

 which recorded 

(1.075 and 1.269mg g
−1

) respectively compared 

with control which was (0.750mg g
−1

). While 

there was significant difference of the Nickel on 

the total Chlorophyll content of plant in compare 

of control. It reduce root length, plant height, 

activities of carbonic anhydrase enzyme, 

chlorophyll content and fresh and dry weight of 

plant (Siddiqui et al., 2011). The interaction of 

100mg/kg-1 of cadmium with 150mg/kg-1 of 

Nickel produce a high value of total Chlorophyll 

content which recorded as (1.463mg g
−1

) 

compared with other combinations treatments 

(table 3).  
There was a reduction in chlorophyll a and b 

in some legume plant species under Ni stress 

which seen that number of leaves has been 

increased despite of reduction in content of 

chlorophyll (Gopal et al., 2002; Singh and 

Pandey, 2011). Hence, our findings were in 

agree with these studies. Decreasing in green 

pigments of photosynthesis might be because of 

some possible reasons including chloroplast 

membranes damage by the process of oxidation, 

chlorophyll biosynthesis inhibition and/or Mg 

ions replacement in a rings of tetrapyrole that is 

well reported in various plant groups in the 

heavy metal response (Nagajyothi et al., 2009; 

Talukdar, 2011). The attack on the 

photosynthetic apparatus is the basic effect of 

heavy metals on the plant. This features is not 

specific to an obvious metal but common to all 

of it that make photosynthetic activities 

measurement a great method to detect the stress 

that come by heavy metals (Appenroth, 2010). 

Photosynthetic apparatus damage is a significant 

result of metals that is initiate to pollution 

combat by its increase in the pheophytin which 

in turn launch the mode of adaptation reported 

by the increasing in the chlorophyll (Houri et al, 

2020). Sewelam et al., (2016) revealed that the 

chlorophyll destruction supporting the debate 

that chloroplast is attack and affected in first 

place by the air pollution. Chlorophyll under 

conditions of stress undergoes in many reactions 

of photochemical for example pheophytinisation, 

oxidation and reduction (Govindaraju et al., 
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2010). The plant cell protection is the main role 

of carotenoid which is started in the defense 

system of the plant against oxidation damage, 

carotenoids obtain the sun light energy to the 

photosystem of plant and dissipation this light by 

using quenching non phytochemical (McElroy 

and Kopsell, 2009). The main role of carotenoid 

is also photosynthetic system protection from 

oxidative degrade by oxygen reactive (You and 

Chan, 2015). Houri et al., (2020) demonstrated 

that the cadmium levels sharply decrease after 

two month of beginning of study works.

 

Table (3): Effect of Cadmium and Nickel on £ carotene concentration, ß carotene concentration, total 

carotene concentration, Zeazanthen concentration  ,Chlorophyll a concentration, Chlorophyll b 

concentration and total Chlorophyll concentration of fenugreek plant (Trigonell afoenum-graecum). 

Cadmium 

concentrations 

£ carotene concentration (mg g
−1

) Mean of cadmium 

Nickel concentrations 

0.0 mg/kg
-1
 50 mg/kg

-1
 100 mg/kg

-1
 150 mg/kg

-1
 

0.0 mg/kg
-1
 0.664e 0.989c-d 0.923 de 0.982d-c 0.889b  

 

50 mg/kg
-1
 1.092b-e 1.227a-d 1.115b-e 1.493ab 1.232a 

 

100 mg/kg
-1
 1.168b-d 1.481a-c 1.677a 1.458a-c 1.446a 

 

Mean of nickel 

 

0.975b 1.232ab 1.238ab 1.311a  

Cadmium 

concentration 

ß carotene concentration (mg g
−1

) Mean of cadmium 

0.0 mg/kg
-1
 0.654c 0.868bc 0.950bc 1.143ab 0.903b 

 

50 mg/kg
-1
 0.938bc 1.301ab 1.085bc 1.051 bc 1.094b 

 

100 mg/kg
-1
 1.152ab 1.317ab 1.592a 1.237ab 1.324a 

 

Mean of nickel 

 

0.915b 1.162ab 1.209a 1.143ab  

Cadmium 

concentration 

Total carotene concentration (mg g
−1

) Mean of cadmium 

0.0 mg/kg
-1
 0.100b 0.485ab 0.636a 0.575a 0.474b 

 

50 mg/kg
-1
 0.619a 0.700a 0.701a 0.632a 0.663a 

 

100 mg/kg
-1
 0.470ab 0.801a 0.473ab 0.736a 0.620ab 

 

Mean of nickel 

 

0.429b 0.662a 0.603ab 0.648a  

Cadmium 

concentration 

Zeazanthen concentration (mg g
−1

)  Mean of cadmium 

0.0 mg/kg
-1
 0.400e 0.731b-d 0.523de 0.657c-e 0.578c 

 

50 mg/kg
-1
 0.619de 0.967a-c 0.842a-d 0.741b-d 0.792b 

 

100 mg/kg
-1
 0.746b-d 1.044ab 1.082a 1.009ab 0.970a 

 

Mean of nickel 

 

0.588b 0.914a 0.816a 0.802a  

Cadmium 

concentration 

Chlorophyll a concentration (mg g
−1

)  Mean of cadmium 

0.0 mg/kg
-1
 0.182b 0.198b 0.297ab 0.288ab 0.241b 
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50 mg/kg
-1
 0.331ab 0.335ab 0.448ab 0.280ab 0.348ab 

 

100 mg/kg
-1
 0.292ab 0.380ab 0.523a 0.339ab 0.383a 

 

Mean of nickel 

 

0.268b 0.304ab 0.423a 0.302ab  

Cadmium 

concentration 

Chlorophyll b concentration(mg g
−1

)  Mean of cadmium 

0.0 mg/kg
-1
 0.357e 0.628a-d 0.513c-e 0.459de 0.802a 

 

50 mg/kg
-1
 0.533d-c 0.782ab 0.583b-c 0.618b-c 0.629b 

 

100 mg/kg
-1
 0.805ab 0.742a-c 0.872a 0.790ab 0.802a 

 

Mean of nickel 

 

0.565b 0.717a 

 

0.656ab 0.622ab  

Cadmium 

concentration 

Total Chlorophyll (mg g
−1

) Mean of cadmium 

0.0 mg/kg
-1
 0.539d 0.860cd 

 

0.810cd 0.792cd 0.750b 

50 mg/kg
-1
 1.253a-c 1.117a-c 1.031a-d 

 

0.898b-d 1.075a 

 

100 mg/kg
-1
 1.097a-c 1.122a-c 1.396ab 1.463a 1.269a 

 

Mean of nickel 

 

0.963a 1.033a 1.079a 

 

1.051a 

 

 

*Means followed by the same lette  fo  e  h f  to   nd inte   tion do not diffe  signifi  ntly f o  e  h othe ’s 

   o ding to Dun  n’s Multiple   nge Test  t 5% level. 

3. CONCLUSION 
 

Heavy metals are common pollutants in urban 

aquatic ecosystems and in contrast to most 

pollutants, are not biodegradable and are thus 

persistent in the environment. Nowadays plant 

become a main source of medicinal plant and 

food, thus Fenugreek plant is a widely used plant 

for such purposes. The study aimed to reveal the 

influence of cadmium and nickel on 

photosynthesis, seed germination and vegetative 

growth of fenugreek plant. The findings 

obviously showed that the interaction between 

controls with nickel 50 mg/kg
-1

 effect on high of 

plant. While other treatment had no significant 

impact on high of plant, the number of leaves, 

number of branches and number of legume of 

plant. The interaction of 100mg/kg
-1

 cadmium 

with control of nickel produce a high value of 

fresh weight. The results also showed the 

application of the interaction between 100mg/kg
-

1
 of cadmium and nickel and 100mg/kg

-1
 

cadmium and combination with control had a 

great effect on the weight of root, furthermore 

dry weight was affected by the combination of 

100mg/kg
-1

 of cadmium with nickel. Moreover, 

the interaction of 50mg/kg
-1

 cadmium with 

control of nickel recorded the highest value seed 

germination. Almost all levels of interaction 

between cadmium and nickel had a significant 

effect on concentration of total carotene, £ 

carotene and ß carotene and Zeazanthen 

concentration. 
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پیهٓاثَ، و شیِبُٔا  ر شیِبُٔا ثٔڤی، بٔیاغیَ روشِّ ل سّ (نادٌیٔم و ُیهو)نارثیهرُا ناُزاییَ گران 
 (Trigonell afoenum-graecum)نی حيبّ  رووه

 پٔخجّ
دھٔک، ھّرێٍا کٔرسجاُێ ھاثیّ ئُّخاٌدان،، ئّڤ کارە ل کٔىیژا زاُسجێَ ئُّدازیاریا چاُدُێ، زاُکٔثا 

و سٍادێ ُیکو ب  0-ىجر/ٌيگً (0110,101) ٌّرەم ژ ڤێ ڤّکٔىیِێ ئّوە کٔ کارثێکرُا  ٌادە کادٌیٔم ب رێژا
ىسّر دەست ڤّھاثیێ خاسيّثێَ گروپێ کّسکاثی و بّرھٌّێ رووەکێ  0-ىجر/ٌيگً (0,100110,1) رێژا

و (کادٌیٔم و ُیکو)بٔ ٌّ ئُّخام دیاربٔون کٔ ناُزاییَ گران  (Trigonell afoenum- graecum) (اىحيبّ)
چاف ل سّر بيِداھیا رووەکی   ل سّر و کارثێکرُا بّ (0-ىجر/ٌيگً 1,)کارثێکرُێت دُاڤبّیِا وان دا ب رێژا 

ژ  0-ىجر/ٌيگً 011ىبُٔا دُاڤبّیِا  ژ کادٌیٔم و ثیهّ (0-ىجر/ٌيگً 011)یّ و زێدەھی ل سّر ھِدێ، ھِدی 
ژ کادٌیٔم و ُیکو ئّوە کٔ   0-ىجر/ٌيگً 111ىبُٔا دُاڤبّیِا  کادٌیٔم دگّل سّرەدەریا بّروارکرُێ و ثیهّ

کارثێکرُّکا ٌّزن یا ھّی ل سّر سُّگا رھا و پاشی ئّڤ کارە باشجر ھاثّ کرن ب کێشاثیا ھشک یا 
بّىێ باشجریَ بھا ئّوە کٔ  بٔ ھّردوو ثٔخٍا کادٌیٔم و ُیکو (0-ىجر/ٌيگً 011)رووەکی ب زێدەکرُا 
ژ کادٌیٔم دگّل سّرەدەریا کُٔجروىکرُا کارثێکرُّکا ٌّزن ل سّر  (0-ىجر/ٌيگً 1,)کٌٔڤّکرُا دُاڤبّیِا 

چاڤ ل سّر کادٌیٔم و ُیکو بّىێ کارثێکرُا گشجی ب رێژا کادٌیٔم و  شیِبُٔا ثٔڤی، ھّروەسا کارثێکرُا بّ
بٔ  (0-ىجر/ٌيگً 0,1و  011)ل سّر رێژا  (کادٌیٔم و ُیکو)ا بٔ ھّر ئێک ژ رێژ 0-ىجر/ٌيگً 1,ب رێژا 

اىکادٌیٔم ب کارثێکرُا ھٌّی ئاسجێَ اىِیکو ، زێدەھی ل سّر ڤێ چُّدێ ، کارثێکرُا رێژا اىفا کاروثیَ و 
ژ کادٌیٔم و ُیکو ب  0-ىجر/ٌيگً 011ىبُٔا دُاڤبّیِا  بیجا کاروثیَ ، اىزیاُپیَ دبیت کارثێکرُێ ب ثیهّ

 کێ ٌّزن ل سّر رێژا اىکاروثیِی ھٌّیێ.شێٔەیّ
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ٔئی واىٍِٔ اىِباثی ىيحيبّ ضیو اىثور، أصباغ اىجٍذعيی إُبات اىب (اىهادٌیٔم واىِیهو)لیيّ ثیر اىٍعادن اىثثأ
(Trigonell afoenum-graecum) 

 اىخلاصة
اىٓدف نان دْٔك ، إكيً٘ نٔردسجان ، واحرٗت ْذه اىدراسة فٖ ني٘ة عئم اىِٓدسة اىزراع٘ة ، حاٌعة 

وسٍاد اىِ٘هو عِد  1-ىجر /ٌيغً( 011،  1,،  1) ٌَ ْذه اىجخربة ْٔ دراسة ثأث٘ر ٌادة اىهادٌ٘ٔم بٍلدار
 عيٕ حاصو  صفات اىٍخٍٔع اىخضري والاُجاحٖ ىِبات  اىحيبة 1-ىجر /ٌيغً ( 0,1،  011،  1,)اىجران٘ز 

Trigonell afoenum-graecum   واىجداخلات  (اىهادٌ٘ٔم واىِ٘هو ). أظٓرت اىِجائج أن اىٍعادن اىثل٘ية
 1,بٍِ٘ٓا عِد اىجرن٘ز 

ٌَ  1-ىجر /ٌيغً 111ثأث٘ر ٌعِٔي عيٕ ارثفاع اىِبات علاوة عيٕ ذىم ، فإن  اىٓ 1-
ٌَ اىهادٌ٘ٔم ٌع ٌعاٌية اىٍلارُة ىيِ٘هو  ىّ ثأث٘ر ٌعِٔي عيٕ  1-ىجر /ٌيغً 011اىهادٌ٘ٔم واىجداخو بَ٘ 

ٌَ اىهادٌ٘ٔم واىجداخو بَ٘ ٌعاٌية  1-ىجر /ٌيغً 011ارثفاع اىِبات و اىٔزن اىطازج ، بالإضافة إىٕ أن ثطب٘ق 
ثحسَ٘  ٌَ اىهادٌ٘ٔم واىِ٘هو نان ىّ ثأث٘ر نب٘ر عيٕ وزن اىخذر. ثً 1-ىجر /ٌيغً 011اىٍلارُة   واىداخو بَ٘ 

ىهو ٌَ اىهادٌ٘ٔم واىِ٘هو وىهَ أفضو كٍ٘ة ناُت عِد اىخٍع   1-ىجر /ٌيغً 011اىٔزن اىخاف ىيِبات بإضافة 
ٌَ اىهادٌ٘ٔم ٌع  1-ىجر /ٌيغً 05ٌَ اىهادٌ٘ٔم ٌع اىِ٘هو ، ونذىم نان ىيجداخو بَ٘   1-ىجر /ٌيغً 011بَ٘ 

ا ىـ ٌعاٌية اىهُٔجرول  ثأث٘ر نب٘ر عيٕ إُبات اىبذور ، وِْا ًٗ  1,عيٕ  اىهادٌ٘ٔم واىِ٘هوك نان ثأث٘رًا ٌعِٔ

ٌَ  1-ىجر /ٌيغً 011ناروثَ٘  ßٌَ اىِ٘هو ، و  1-ىجر /ٌيغً 0,1ٌَ اىهادٌ٘ٔم و  1-ىجر /ٌيغً 011و  1-ىجر /ٌيغً
واىزٗاُثَ٘ ىهو ٌَ ثرن٘ز اىِ٘هو  1-ىجر /ٌيغً 1,اىهادٌ٘ٔم واىِ٘هو ، بٍِ٘ا ثأثر إحٍاىٖ ثرن٘ز اىهاروثَ٘ بِسبة 

ٌَ اىهادٌ٘ٔم ٌع اىجأثر بخٍ٘ع ٌسجٔٗات اىِ٘هو ، بالإضافة  1-ىجر /ٌيغً 0,1و  1-ىجر /ٌيغً 011 عيٕ اىجرن٘ز
ٌَ  1-ىجر /ٌيغً 011إىٕ ذىم ، ثأثر ثرن٘ز اىفا ناروثَ٘ ،  ب٘جا ناروثَ٘ و اىزٗاُثَ٘ كد ثاثر باىجداخو بَ٘ 

َ٘ حٍ٘ع ٌسجٔٗات اىهادٌ٘ٔم واىِ٘هو بشهو نب٘ر عيٕ ثرن٘ز اىهادٌ٘ٔم واىِ٘هو وثاثر بٍعاٌية اىجداخو  ب
 اىهاروثَ٘ اىهيٖ.


