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Abstract: In this study, response of 12 grapevine rootstock genotypes  to cadmium (Cd) toxicity were investigated. The Cd 

application to the soil was made at the beginning of the experiment at 4 different (0, 5, 10 ve 20 mg Cd kg-1)  doses. Shoot, leaf 

and root dry matter yields, leaf Cd, N, P and Zn contents were determined to assess genotype tolerance of Cd toxicity. Present 

findings revealed that based on shoot, leaf and root dry weights, leaf Cd, N, P and Zn contents, there were Cd-sensitive and 

resistant genotypes among the present ones. At the greatest Cd dose (Cd20), the greatest Cd contents (µg plant-1) were observed 

in 8B (6.13), 420A (5.35) and 1103P (4.69) rootstocks and the lowest Cd contents were observed in 99R (1.27) and SO4 (1.58) 

rootstocks. Among the grapevine rootstocks, SO4 with quite lower leaf Cd accumulation than the other genotypes and increasing 

shoot and leaf dry weights and leaf N, P and Zn content was identified as resistant against toxic Cd conditions. On the other 

hand, 8B, 420A, 1103P, 5BB, Harmony genotypes with decreasing shoot, leaf and root dry weights under Cd toxicity conditions, 

higher leaf Cd accumulations and significantly decreasing leaf N, P and Zn contents were considered as sensitive to Cd toxicity.  
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Asma Anaçlarının Kadmiyum (Cd) Toksisitesine Karşı Dayanıklılıklarının Belirlenmesi 

 
Öz: Bu çalışmada 12 asma anaçgenotipinin kadmiyum (Cd) toksisitesine tepkisi incelenmiştir. Toprağa Cd uygulaması deneme 

başlangıcında 4 farklı  dozda (0, 5, 10 ve 20 mg Cd kg-1) yapılmıştır. Sürgün, yaprak ve kök kuru madde verimi ile yaprak Cd, 

N, P ve Zn içerikleri belirlenmiştir. Elde edilen sonuçlar değerlendirildiğinde, asma anaçları arasında sürgün, yaprak ve kök 

kuru madde verimi ile yaprak Cd, N, P ve Zn içerikleri bakımından Cd toksisitesine karşı hassas ve dayanıklı anaçların olduğu 

ortaya çıkmıştır. Kadmiyum uygulamasının en yüksek olduğu Cd20 dozunda Cd içeriği en fazla en fazla 8B (6.13 µg plant-1), 

420A anacında (5.35 µg biki-1) ve 1103P (4.69 µg plant-1) anaçlarında olduğu buna karşın en düşük Cd içeriği ise 99R (1.27 

µg plant-1) ile SO4 (1.58 µg plant-1) anaçlarında olduğu ortaya çıkmıştır. Asma anaçları arasında SO4 genotipinin diğer anaçlara 

göre yapraklarında çok daha az Cd birikimi yapması, sürgün ve yaprak kuru madde verimi ile N, P ve Zn içeriklerinde artışların 

olması bu anacın toksik Cd koşullarına karşı dayanıklı olabileceğini göstermiştir. Buna karşın toksik Cd koşullarında 

yapraklarında yüksek düzeyde Cd biriktiren ve kuru madde (gövde, yaprak, kök) verimlerinde önemli düzeyde azalma meydana 

gelen 8B, 420A, 1103P, 5BB, Harmony asma anaçlarının ise Cd toksisitesine karşı hassas olduğu ortaya çıkmıştır. 
 

Anahtar Kelimeler: Asma anaçları, kadmiyum, toksisite, ağır metal, besin alımı 

 

1. Introduction 

Cadmium (Cd) is among the most dangerous heavy 

metals and pollutants in ecosystem and it has toxic 

impacts on living organisms (Alengebawy et al., 2021). 

Soils are contaminated by cadmium through parent 

material or industrial activities and phosphorus 

fertilizers-like anthropogenic activities. Of the Cd 

reached to soils through human activities, 56% comes 

from use of phosphorus-containing fertilizers, 40% 

comes from atmospheric and 2-5% comes from manure 

treatments (sludge-livestock) (Cheng et al., 2014; 

Suhani et al., 2021). Since cadmium has a more water 

solubility and the mobility than the other metals, it is 

more up taken by the plants. Therefore, it is the most 

dangerous metal accumulated in soils. Cadmium is not 

an essential element for plants, it is a heavy metal that 

makes it toxic to plants. Cadmium disrupts the root 

activity of plants, negatively affects plant nutrient 

uptake and use. At the same time, it negatively affects 

photosynthesis in plants, impairs carbohydrate 

metabolism and adversely affects plant yield and quality 

(Stachowiak et al., 2015; Yang et al., 2021). 

Climatic conditions, soil properties and agricultural 

practices significantly affect the uptake of Cd by plants 

(Hart et al., 1998; Hussain et al., 2021). Cadmium 

causes in decelerated plant growth, low biomass, 

browning in root tips and ultimately plant die outs 

(Anjum et al., 2008; Erdem, 2021). Cadmium ions 

reduce root and shoot lengths. Inhibition of root growth 

is the most significant indicator of Cd+2 toxicity (Sgherri 

et al., 2001;2002; Xiao et al., 2022). Cadmium also 

negatively affects chlorophyll synthesis (Haider et al., 
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2021; Song et al., 2019). Cadmium ion especially 

influence photosynthesis, respiration and N metabolism 

of the plants (Cheng et al., 2014; Nascimento et al., 

2021).  Cadmium restrict uptake, transport and use of 

water and plant nutrients (Ca, Mg, P, K and Fe) (Haider 

et al., 2021).  Cadmium uptake and transport largely 

vary with the plant species, thus plants have different 

tolerance levels to Cd toxicity (El Rasafi et al., 2021; 

Grant et al., 1998). Plant tolerance to Cd toxicity largely 

depend on Cd accumulation capacity and localization of 

the plants (Obata & Umebayashi, 1993; Shrivastava et 

al., 2019). Plant genetics also play a great role in Cd 

uptake and accumulation by the plants. Researchers 

reported that there are significant genetic variations in 

Cd tolerance of tobacco (Erdem et al., 2017; Lugon-

Moulin et al., 2004), soybean (Zhi et al., 2020), maize 

(Rasool et al., 2020), wheat (Greger & Löfstedt, 2004; 

Zhou et al., 2020), and lettuce (Loi et al., 2018).  

Grafting in grapevines  could be increase the yield 

and quality of grapes and increase the resistance of 

plants to various stress factors such as extreme heat, cold 

stress, drought and heavy metals (He et al., 2020; Savvas 

et al., 2010; Yuan et al., 2019). Some vine rootstocks 

prevent Cd uptake and transport in xylem by plant roots 

by ion exclusion or retention mechanism. Plants are 

protected from heavy metal toxicity through these 

mechanisms. It has been reported that Cd accumulation 

in the leaves of the eggplant and tomato grafted to 

Solanum torvum rootstocks decreased (Yuan et al., 

2019). In a study investigating the responses of grafted 

Malus plants to Cd toxicity, it was reported that 

applications varied according to rootstock, scion and 

rootstock-scion combinations (He et al., 2020). 

In modern viticulture, grafted vine saplings must be 

used due to the phylloxera. Several different genotypes 

are used as rootstock in vine saplings. Grapevine 

rootstocks different  macro and micronutrient uptake 

and grafted plants have different nutrient uptakes from 

the seed-propagated plants. Grapevine rootstocks may 

also differ in response to biotic and abiotic stress 

conditions (Bavaresco et al., 2003; Ibacache & Sierra, 

2009; Lecourt et al., 2015; Zamboni et al., 2016).  

In regions with industrial pollution, significant 

relationships were reported between grapevine roots and 

soil Cd concentrations of the vineyards located in 

regions with industrial pollution (Angelova et al., 1999). 

Al- Obeed et al., (2011) reported that fruit Cd contents 

of the different grape cultivars irrigated with treated 

domestic wastewater varied with the cultivars. Miklos 

& Erdei (1997) reported that high Cd concentrations 

adversely affected the development and nutrition of 

grape genotypes (Leányka and Ezerjó,), and plant roots 

had higher Cd concentrations than leaves. 

In this study, the effects of increasing doses of toxic 

Cd on  plant growth  and leaf Cd, N, P and Zn content 

twelve different grapevine rootstocks on were 

investigated. 

 

2. Material and Methods 

2.1. Material 

Plant Material: The research was carried out in the 

greenhouses of Tokat Gaziosmanpaşa University, 

Faculty of Agriculture, Department of Horticulture. 

Twelve different rootstocks (1103P, 1045P, 5BB, 8B, 

SO4, 420A, 99R, 110R, 140 Ru, Dogridge, Harmony, 

41B) were used in the study. The rootstock saplings used 

in the study were grown in the greenhouse in 1-liter 

plastic bag with a 1:1 substrate mixture (peat-perlite). 

Soil Material: The soil used for the pot experiment 

had the following chemical and physical properties: 

texture was clay, CaCO3 content was %15.8, pH was 

7.85, organic matter was 1.69 %, available P2O5 

concentration was 5.60 kg da-1, K2O concentration was 

16.4 kg da-1 and the DTPA extractable concentrations 

(ppm) of Zn, Fe and Cd were 0.52, 2.11, 0.005, 

respectively. 

 

2.2 Method 

The study was carried out in 5-liter plastic pots with 

4 replications according to the randomized plots 

experimental design under open sections with 35% 

shading net conditions. Air-dried 4 mm sieved 4 kg soil, 

prior to filling the pots, was homogeneously mixed with 

a fertilizer solution containing 250 mg N kg-1 soil as 

Ca(NO3)2.4H2O, 100 mg P kg-1 soil as KH2PO4, 2.0 mg 

Fe kg-1 soil as Fe-EDTA and 2.0 mg Zn kg-1 soil as 

ZnSO4.7H2O. The treatments were control (Cd0), 5.0 

(Cd5), 10 (Cd10) and 20 (Cd20) mg Cd kg-1, and Cd 

were applied to soil in the form of (CdSO4)3.8H2O. Cd 

doses were given to the soil at the beginning of the 

experiment together with basic fertilizers and mixed 

with the soil in a homogeneously. After the fertilizer and 

Cd applications, one sapling was planted in each pot. 

The shoots on the seedlings were left 4-5 cm tall and 

only one shoot was allowed to grow according to the 

state of the dormant buds. In order to prevent water loss 

by evaporation in the soil, the top of the pot were dressed 

with 2-3 cm thick perlite and the plants were watered 

daily with distilled water. 

Destructive harvest of the plant parts begun  on the 

134th day according to the decrease in growth in the 

plants and the severity of Cd toxicity in the leaves. The 
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plants were destructively harvested separately as roots, 

shoots and leaves.  After the destructive harvest of  the 

plant parts,  they were washed with tap water,  and dried 

at 65 ºC for 48 hours to obtain their dry weight. Dried 

leaf samples were then ground in agate mill, subjected 

to wet-digestion in HNO3 – H2O2 in a microwave oven 

and Cd, P and Zn concentrations of the samples were 

determined in an ICP-OES (Varian Vista) device (Kacar 

and ? İnal, 2008). Total nitrogen analysis in leaf samples 

was made according to the Kjeldahl distillation method 

(Bremner, 1965). The Cd, N, P and Zn contents of the 

leaves were calculated by multiplying the leaf weights 

with Cd, N, P and Zn concentrations. It has been 

recommended to examine the effect of Cd on 

physiologically important micronutrients, particularly P 

(Wang, 1987) and Zn (Kim et al., 1988). 

Statistical Analysis: The research was carried out in 

4 replications, with one plant in each pot. Experimental 

data were subjected to variance analysis in accordance 

with randomized plots–factorial design. Duncan 

multiple range test was used to compare significant 

means. 

Cluster analysis was performed to determine the 

relation between varieties. Cluster analysis was carried 

out using the Cd, N, P, Zn, shoot, leaf and root dry 

weight values of the control treatment. Since the units of 

the variables used in the analysis are not the 

homogeneous, the variables are standardized and then 

the Euclidean distance is calculated. The dendrogram 

showing the similarities and differences of rootstocks 

was obtained by cluster analysis according to Ward's 

method. 

 

3. Result and Discussion 

Toxic Cd negatively affects the nutrient uptake and 

transport of plants and causes physiological disorders in 

plants, resulting in reduced growth. Roots absorb Cd 

from the soil and transport it through xylem to upper 

section of the plants with the aid of transpiration stream 

(Salt et al., 1995; Zhang et al., 2022). Heavy metals 

absorbed by the roots initially combine with proteins, 

polysaccharides, and nucleic acids, then transported to 

shoots (Goyal et al., 2020). Therefore, generally a 

positive relationship is encountered between increasing 

Cd doses applied to soils and shoot Cd concentrations. 

Significant increases were observed in Cd contents of 

grapevine rootstocks with increasing Cd treatment 

doses. Rootstocks, Cd doses and rootstock x dose 

interactions were found to be significant at 5% level 

(Table 1). Average Cd content of grapevine rootstocks 

at Cd0 dose (0.66 µg plant-1) increased to 1.96 µg plant-

1 at Cd5 dose, to 2.34 µg plant-1 at Cd10 dose and to 3.15 

µg plant-1 at Cd20 dose. Significant differences were 

observed in Cd contents of rootstock genotypes with 

increasing Cd doses. At the greatest Cd dose (Cd20), the 

greatest Cd contents were observed in 8B (6.13 µg  

plant-1), 420A (5.35 µg plant-1) and 1103P (4.69 µg 

plant-1) rootstocks and the lowest Cd contents were 

observed in 99R (1.27 µg plant-1) and SO4 (1.58 µg 

plant-1) rootstocks (Table 1). Such findings on Cd 

contents indicated that rootstock response to Cd toxicity 

was different. Some rootstocks may prevent Cd uptake 

or transport through ion exclusion or retention, thus may 

mitigate heavy metal phytotoxicity. He et al. (2020) 

reported that Cd uptake of apple cultivars varied 

according to both rootstock and scion. Various plant 

species may have quite different Cd tolerance, uptake 

and transport (Chun et al., 2020; He et al., 2020; Yang 

et al., 2021; Zhou et al., 2017). Foliar Cd accumulations 

were reduced through grafting eggplant and tomato 

scions onto Solanum torvum rootstocks (Yuan et al., 

2019). 

 

Table 1. Effects of increasing Cd doses on leaf Cd and N contents of grapevine rootstocks  

Çizelge 1. Asma anaçlarında artan Cd dozlarının yaprak Cd ve N içerikleri üzerine etkileri 

Rootstock 
Cd Content (µg plant-1) N Content (mg plant-1) 

0 5 10 20 0 5 10 20 

5BB 0.90abC 2.58abcAB 1.89bB 3.09cA 83.8abA 88.0aA 52.6b-eB 39.5cdB 
8 B 0.74abcC 2.51abcB 1.74bcBC 6.13aA 82.2abcA 80.1abcA 60.4b-eA 65.5abcA 

SO4 0.60cdB A 2.75abA 2.74abA 1.58deAB 58.2cdAB 77.9abcA 2.5deB 71.4abB 

420A 0.85abC 3.14aC 2.47abB 5.35abA 82.5abcA 59. 3abcAB 71.5bcdAB 53.1bcdB 
1613 C 0.65bcdB 2.05a-dA 2.04cbA 3.14cA 78.7abcA 76.0abcA 50.3cdeA 731.7abA 

99 R 0.75abcC 0.87eC 2.55abA 1.27eB 91.3aA 75.8bcAB 67.7bcdBA 47.0bcdC 

110 R 0.58cdC 1.48cdeB 2.36abA 2.29cdeA 64.5a-dB 83.7abcA 74.5abcAB 60.4bcdB 
140 Ru 0.58cdB 2.17 a-dA 2.27bA 2.25cdeA 50.4dA 65.7abcA 52.5bcdeA 40.9cdA 

1103P 0.57cdC 1.93b-eB 3.62aA 4.69bA 59.6bcdA 62.2abcA 82.1abA 70.2abA 

1045 P 0.61cdB 1.02eB 2.27bA 2.12cdeA 63.0bcdAB 50.9 abcB 67.8bcdAB 90.9aA 
Dogridge 0.54cdB 1.51cdAB 0.82bcB 2.21cdeA 50.0dA 65.9abA 29.8eA 59.7bcdA 

Harmony 0.48dB 0.89eB 2.47abA 2.27cdeA 47.9dB 43.9cBC 102.4aA 34.4dC 

41B 0.77abcA 2.86abA 3.06abA 3.43cA 70.5a-dA 65.7abA 67.6bcdA 58.3bcdA 
Average 0.66D 1.96C 2.34B 3.15A 68.2A 67.4A 62.1AB 58.1B 

Means shown with similar capital letters in the same row are not significant (p<0.05). Means shown with similar lowercase letters in 

the same column are not significant (p<0.05). 
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Considering the effects of increasing Cd doses on N 

contents of grapevine rootstocks, , Cd doses and 

rootstock x dose interactions were found to be 

significant at 5% level. The average N content of 

grapevine rootstocks in control treatment (68.2 mg 

plant-1) decreased to 62.1 mg plant-1 in Cd10 and to 58.1 

mg plant-1 in Cd20 treatments (Table 1). N content of 

the rootstocks either increased or decreased with 

increasing Cd doses, but generally a decrease was 

observed in majority of the rootstocks. For instance, N 

content of 420A genotype with a high Cd content in 

leaves with increasing Cd doses was measured as 82.5 

mg plant-1 in Cd0 treatment and the value decreased to 

53.1 mg plant-1 in Cd20 treatment. On the other hand, N 

content of SO4 genotype with a low Cd content in 

rootstocks was measured as 58.2 mg plant-1 in Cd0 

treatment and the value increased to 71.4 mg plant-1 in 

Cd20 treatment (Table 1). Nitrogen deficiency in plants 

grown in soils with Cd toxicity was attributed to 

inhibition of nitrate reductase activity within the 

rootzone and about 70% reduction in nitrate absorption 

by Cd (Borchard et al., 2014; Genchi et al., 2020; 

Nascimento et al., 2021) reported that Cd toxicity 

induced metal bindings onto Sulphur hydride groups of 

proteins, resulted in replacement of macro nutrients, 

structural destructions or activity inhibition, thus ended 

up with nutrient deficiency. In previous studies 

conducted on tomato plants, significant decreases were 

reported in green herbage N concentrations with Cd 

treatments (Chaffei et al., 2004; Gouia et al., 2000).  

In terms of the effects of increasing Cd doses on P 

contents of grapevine rootstocks, Cd doses, rootstocks 

and rootstock x dose interactions were found to be 

significant at 5% level (Table 2). While the average P 

content of grapevine rootstock was 4.80 mg plant-1 in 

Cd0 treatment, the value decreased to 2.68 mg plant-1 in 

Cd10 and to 2.74 mg plant-1 in Cd20 treatments (Table 

2). P contents of the rootstocks either increased or 

decreased with increasing Cd doses, but generally a 

decrease was observed in majority of the rootstocks. For 

instance, P content of 420A genotype was 5.74 mg plant-

1 in Cd0 treatment and the value decreased to 4.08 mg 

plant-1 in Cd20 treatment. On the hand, P content of SO4 

genotype was 4.56 mg plant-1 in Cd0 treatment and the 

value increased to 5.90 mg plant-1 in Cd20 treatment 

(Table 2). 

Rizwan et al. (2018) indicated that plants grown in 

contaminated sites might have different nutrient 

quantities since Cd accumulation largely depended on 

plant species and varieties. High Cd concentrations 

resulted in decreased P contents in tomato (Borges et al., 

2019), strawberry (Muradoglu et al., 2015), maize 

(Anwar et al., 2017) and lettuce (Rizwan et al., 2017). 

 

Table 2. Effects of increasing Cd doses on leaf P and Zn contents of grapevine rootstocks  

Çizelge 2. Asma anaçlarında artan Cd dozlarının yaprak P ve Zn içerikleri üzerine etkileri 

Rootstock 
P Content (mg leaf-1) Zn Content (µg leaf-1) 

0 5 10 20 0 5 10 20 

5BB 7.62aA 5.99aA 3.03cdeB 2.65cB 114.2aA 75.6aB 36.7cdC 32.1gC 

8 B 6.35abA 5.02abA 4.33bcdA 4.99abA 64.8b-eA 64.1abA 56.8abcA 54.9b-eA 

SO4 4.56b-eAB 4.87abAB 3.34cdeB 5.90aA 51.2deAB 59.7abAB 39.9cdB 70.0abcA 

420A 5.74abcA 4.32abA 5.27abcA 4.09bcA 74.6bcA 43.9bB 70.9abA 50.2c-fB 

1613 C 5.86abcA 5.40abA 4.16bcdeA 5.05abA 73.7bcdA 59.0abA 48.5bcA 62.5a-dA 

99 R 5.83abcA 5.93aA 4.62bcdAB 3.25bcB 77.2bA 57.7abB 52.7bcB 54.2b-eB 

110 R 5.73abcA 5.68abA 5.26abcA 4.69abA 57.4b-eB 56.3abB 54.7bcB 77.0aA 

140 Ru 4.23bcA 4.88abA 3.81bcdeA 3.28bcA 56.3b-eA 56.8abA 43.3cdA 39.6efgA 

1103P 5.03bcdAB 4.89abAB 6.05abA 3.67bcB 52.5cdeAB 50.6abAB 68.9abA 39.4efgB 

1045 P 4.57b-eAB 3.32bB 5.09abcAB 6.11aA 64.8b-eAB 40.3bB 53.2bcAB 70.9abA 

Dogridge 3.60deA 5.02abA 2.07eA 3.53bcA 49.1eA 59.3abA 22.7dA 44.2d-gA 

Harmony 2.74eB 3.25bB 7.26aA 2.82cB 46.5eB 38.1bC 80.1aA 28.0gD 

41B 5.26bcdA 4.99abA 4.37bcdA 3.94bcA 59.4b-eA 49.6abA 50.56bcA 43.9defA 

Average 4.80bcdA 3.89abAB 2.68deB 2.74cB 56.8b-eA 3829bB 37.3cdB 37.7efgB 

Means shown with similar capital letters in the same row are not significant (p<0.05). Means shown with similar lowercase letters in 

the same column are not significant (p<0.05). 

 

Considering the Zn contents of the rootstocks under 

increasing Cd doses, rootstocks, Cd doses and rootstock 

x dose interactions were found to be significant at 5% 

level (Table 2). While the average Zn content of 

grapevine rootstocks was 56.8 µg plant-1 in Cd0 

treatment, the value decreased to 37.3 µg plant-1 in Cd10 

and 37.7 µg plant-1 in Cd20 treatments (Table 2). As it 

was in N and P contents, either decreasing or increasing 

Zn contents of the rootstocks were observed with 

increasing Cd doses, but generally a decrease was 

observed in majority of the rootstocks. For instance, 

while the Zn content of 5BB genotype was 114.2 µg 

plant-1 in Cd0 treatment, the value decreased to 32.1 µg 

plant-1 in Cd20 treatment; Zinc content of 420A 
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genotype was 74.6 µg plant-1 in Cd0 treatment and the 

value decreased to 50.2 µg plant-1 in Cd20 treatment. On 

the other hand, Zn content of SO4 genotype was 51.2 µg 

plant-1 Cd0 treatment, the value increased to 70.0 µg 

plant-1 in Cd20 treatment (Table 2). Such decreases in 

Zn concentrations under increasing Cd conditions were 

attributed to antagonistic relationships between Cd – Zn. 

There are several other studies reporting decreased Zn 

uptakes with increasing Cd treatments (Erdem et al., 

2012; Kinay et al., 2021; Tiecher et al., 2017). More Cd 

uptake of plants grown under Zn deficiency was 

attributed to competition of  Zn and Cd with similar 

chemical characteristics for absorption points on 

membranes (Cakmak et al., 2000; Zhou et al., 2019) and 

increased membrane permeability under Zn deficiency 

(Cakmak & Marschner, 1988). Wu et al. (2003) applied 

increasing Cd doses (0, 0.1, 1.0 and 5.0 µM) to barley 

plants and determined green herbage Cd and Zn 

concentrations. It was observed that with Cd treatments 

to growth environment, not only the Zn concentration of 

plant tissues decreased, but also Zn transport from the 

roots to green herbage was inhibited. 

Wu et al. (2004) applied increasing Cd doses (1 and 

10 mM Cd) to cotton plants and reported decreasing Zn, 

Cu and Fe concentrations with increasing Cd doses. 

Hussain et al. (2016) also reported decreasing Zn 

contents of spinach with increasing Cd treatments. Such 

decreases were mainly attributed to similar transport and 

distribution mechanisms of Cd and Zn (Lin & Aarts, 

2012). Cadmium toxicity symptoms are encountered in 

plants when the Cd accumulation reached to a certain 

threshold and such symptoms includes recessed growth 

and development, small plant size and browning 

(Genchi et al., 2020).  

Reductions in photosynthesis, growth, and 

photosynthetic pigments are responses of higher plants 

to Cd toxicity (Kaya et al., 2019; Luo et al., 2016). For 

such decreases, rootstocks, Cd doses and rootstock x 

dose interactions were all found to be significant at 55 

level (Table 3, 4 and 5). While the average shoot dry 

weight was 5.12 g plant-1 in Cd0 treatment, the value 

decreased to 4.27 g plant-1 in Cd20 treatment. The 

greatest decrease in shoot dry weights with Cd 

treatments were observed in Harmony, 110R and 5BB 

rootstocks and an increase was observed only in shoot 

dry weights  of SO4 genotype (Table 3). In Harmony 

genotype with the greatest decrease in shoot dry weight, 

the value was measured as 5.00 g plant-1 in Cd0 

treatment and 57% decrease was observed with Cd20 

treatment and the value decreased to 2.13 g plant-1. On 

the other hand, in SO4 genotype, shoot dry weight was 

measured as 4.44 g plant-1 in Cd0 treatment and the 

value increased to 4.92 g plant-1 with about 11% 

increase in Cd20 treatment (Table 3).  

 

Table 3. Effects of increasing Cd doses on shoot dry 

weights of grapevine rootstocks 

Çizelge 3. Asma anaçlarında artan Cd dozlarının 
sürgün kuru ağırlıklarına etkisi 

Rootstock 
Shoot Dry Weight (g plant-1) 

0 5 10 20 

5BB 5.25bcA 4.78cA 4.34bcAB 2.91cdB 

8 B 5.49bcAB 6.51abA 5.43abAB 4.41abcC 

SO4 4.44cB 6.89aA 3.43cdC 4.92aB 

420A 6.88abA 4.38cdAB 6.27aB 5.37aAB 

16163 C 4.32cA 2.13efB 1.94eB 2.73 cdAB 

99 R 5.14cA 4.98cA 4.49bcAB 2.95cdB 

110 R 7.47aA 5.00bcB 4.39bcBC 4.13abcC 

140 Ru 5.33bcA 3.80cdeA 3.46cdA 3.45bcdA 

1103P 3.74cA 2.82defB 2.70deB 3.05cdAB 

1045 P 3.96cA 4.05cdA 5.16abA 3.45bcdA 

Dogridge 4.36cA 2.95defA 2.84deA 3.79a-dA 

Harmony 5.00cA 2.44egB 5.75abA 2.13dB 

41B 4.43cA 4.31cdA 3.58cdA 4.15abcA 

Average 5.12A 4.42B 4.31B 4,27B 

Means shown with similar capital letters in the same row are not 

significant (p<0.05). Means shown with similar lowercase letters 

in the same column are not significant (p<0.05). 

 

Table 4. Effects of increasing Cd doses on leaf dry 

weights of grapevine rootstocks 

Çizelge 4. Asma anaçlarında artan Cd dozlarının 

yaprak kuru ağırlıklarına etkisi 

Rootstock 
Leaf Dry Weight (g plant-1) 

0 5 10 20 

5BB 3.31a-dA 3.73aA 2.12b-eB 1.71bcdB 

8 B 3.36abcA 3.14abA 2.50a-dA 2.78abA 

SO4 2.39cdeAB 3.05abA 1.57deB 2.95aA 

420A 3.79aA 2.41abB 3.11abcAB 2.56abcB 

1613 C 3.27abc A 2.37ab B 1.88d C 2.67 abcB 

99 R 3.40abA 2.97abAB 2.55a-dB 1.63cdC 

110 R 3.35abcA 2.92abAB 2.62a-dB 2.59abcB 

140 Ru 2.37deA 2.58abA 2.11b-eA 2.06a-dA 

1103P 2.52b-eA 2.45abA 3.18abA 2.16a-dA 

1045 P 2.69b-eA 2.09bA 2.85abcA 3.06aA 

Dogridge 2.15eA 2.79abA 1.22eA 2.50abcA 

Harmony 2,13eB 1,86bB 3,62aA 1,27dC 

41B 3.11a-dA 2.62abaA 2.40a-eA 2.47abcA 

Average 2.90A 2.73AB 2.49B 2.31C 

Means shown with similar capital letters in the same row are not 

significant (p<0.05). Means shown with similar lowercase letters 

in the same column are not significant (p<0.05). 

 

Average leaf dry weight of the rootstocks was 

measured as 2.90 g plant-1 in Cd0 treatment and the 

value decreased to 2.31 g plant-1 in Cd20 treatment. The 

greatest decreases in leaf dry weights with increasing Cd 

treatments were observed in 99R, 5BB and Harmony 

genotypes and an increase was observed only in leaf dry 

weight of SO4 genotype (Table 4). In 99R genotype 

with the greatest decrease in leaf dry weight, the value 

was measured as 3.40 g plant-1 in Cd0 treatment and a 
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52% decrease was observed in Cd20 treatment and the 

value decreased to 1.63 g plant-1. On the other hand, in 

SO4 genotype, leaf dry weight was measured as 2.39 g 

plant-1 in Cd0 treatment and the value increased to 2.95 

g plant-1 with about 23% increase in Cd20 treatment 

(Table 4). 

Significant changes were not observed in root dry 

weight of the rootstocks with increasing Cd doses. The 

average root dry weight of the rootstocks was measured 

as 5.97 g plant-1 in Cd0 treatment and the value 

increased to 6.00 g plant-1 in Cd20 treatment. The 

greatest decreases in root dry weights were observed in 

Harmony and 41B genotypes and an increase was 

observed in root dry weight of 420A genotype (Table 5). 

In Harmony genotype with the greatest decrease in root 

dry weight, the value was measured as 4.06 g plant-1 in 

Cd0 treatment and the value decreased to 2.63 g plant-1 

with about 35% reduction in Cd20 treatment. On the 

other hand, in 420A genotype, root dry weight was 

measured as 5.37 g plant-1 in Cd0 treatment and the 

value increased to 8.18 g plant-1 with 52% increase in 

Cd20 treatment (Table 4). 

 

Table 5. Effects of increasing Cd doses on root dry 

weights of grapevine rootstocks 

Çizelge 5. Asma anaçlarında artan Cd dozlarının kök 

kuru ağırlıklarına etkisi 

Rootstock 
Root Dry Weight (g plant-1) 

0 5 10 20 

5BB 4.26dA 5.49deA 6.18abcA 4.78c-fA 

8 B 8.45abA 7.16cdA 7.15abcA 8.38aA 

SO4 8.81aA 8.21bcA 7.86abA 8.58aA 

420A 5.37cdB 3.98efB 5.62cdeB 8.18aA 

1613 C 7.26 abcA 7.08cd A  5.48 cdeB 6.43 a-dAB 

99 R 5.90bcdA 5.79cdeA 4.92cdA 5.46b-eA 

110 R 3.71dB 5.68deA 3.53deB 3.41efB 

140 Ru 4.92cdA 3.29efA 4.98cdA 4.44defA 

1103P 5.16cdA 4.83defA 5.29cdA 6.65a-dA 

1045 P 7.74abcA 10.08abA 8.69aA 7.04abcA 

Dogridge 4.10dA 5.62deA 4.76cdA 4.95c-fA 

Harmony 4.06dA 2.78fAB 1.97eB 2.63fAB 

41B 9.17aAB 11.12aA 7.97abAB 7.51abB 

Average 5,97A 6.17A 5.74A 6.00A 

Means shown with similar capital letters in the same row are not 

significant (p<0.05). Means shown with similar lowercase letters 

in the same column are not significant (p<0.05). 

 

Chun et al. (2020) applied different Cd doses (0, 2.5, 

10, 20, 50 and 100 mg Cd L-1) to 9 different citrus 

rootstocks under aquaculture conditions and reported 

significant decreases in relative growth rates of the 

rootstocks with increasing Cd doses. As compared to the 

control, 12.2, 24.1, 57.8 and 94.4% decrease was 

observed respectively with Cd2.5, Cd10, Cd20 and 

Cd50 doses. Significant decreases were reported in dry 

matter content of maize plants with increasing Cd 

treatments to soils. About 11.9% yield reduction was 

reported with 10 mg kg-1 Cd treatment and 23.5% with 

20 mg kg-1 Cd treatment (Khurana & Jhanji, 2014). Such 

decreases in dry matter yields were basically attributed 

to phytotoxic effect of Cd (El Rasafi et al., 2021; Pereira 

et al., 2011). Cd stress significantly inhibited plant 

growth in grafted apple combinations (He et al., 2020). 

It was reported in previous studies that Cd toxicity 

inhibited the efficiency of photosynthetic enzymes 

participating into Calvin cycle and chlorophyl 

biosynthesis, thus had negative impacts on 

photosynthesis and ultimately reduced plant yields 

(Zulfiqar et al., 2021). 

 

 
Figure 1. Genetic groupings of grapevine rootstock 

according to Cluster analysis 

Şekil 1. Kümeleme analizine göre asma anaçlarının 

genetik gruplamaları 

 

The dendogram obtained as a result of cluster 

analysis to determine the similarities between rootstocks 

in terms, shoot dry weight, leaf dry weight and root dry 

weight values, and N, P, Zn and Cd contents is given in 

Figure1. As a result of the analysis, rootstocks were 

divided into 6 groups according to their similarity. 140 

Ru, Dogridge and Harmony have made up the first 

group. In this group, the similarity rate between 140Ru 

and Dogridge was 78%, and Harmony joined this group 

with a 64.9% similarity rate. This group can be 

characterized by its low nutrient content, and lower root 

and leaf dry weight. The second group has consisted of 

1613, 1045P and 1103P rootstocks. The similarity rate 

between 1613C and 1045p was 77.4%.  1103P was 68% 

similar to these two rootstocks. The rootstocks in this 

group had lower shoot dry weight compared to the 

others. SO4 and 41B formed the third group with a 

similarity rate of 74.28%. The most distinctive feature 

of these two rootstocks was their high dry root weight. 

The rate of similarity between 8B and 99R, which make 

up the fourth group, was 69.8%. These two rootstocks 

were noted for their relatively high N content and high 

leaf dry weight. 420A and 110R have made up the fifth 
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group with a 61.2% similarity rate between them. In 

addition to high shoot and leaf dry weight, low dry root 

weight emerged as the common feature of this group. 

The 5BB rootstock alone formed the sixth group. The 

most distinctive features of 5BB that made it different 

from other rootstocks were its high Cd, P and Zn 

content. 

 

4. Conclusions 

Cadmium pollution encountered in soils poses 

serious threats on sustainable agriculture and human 

health (Genchi et al., 2020). Present research revealed 

new information about the effects of toxic Cd doses on 

growth, leaf Cd, N, P and Zn contents of grapevine 

rootstocks. High soil Cd concentrations negatively 

influence photosynthesis, respiration and nitrogen 

processes, then recess plant growth and development 

and reduce plant yields. Recess in plant growth (shoot, 

leaf, root) under increasing Cd doses was attributed to 

Cd-induced disorders in plant metabolism and 

insufficient uptake of plant nutrients. Present findings 

revealed that based on shoot, leaf and root dry weights, 

leaf Cd, N, P and Zn contents, there were Cd-sensitive 

and resistant genotypes among the present ones. Quite 

lower leaf Cd accumulation than the other genotypes 

and increasing shoot and leaf dry weights and leaf N, P 

and Zn content revealed that SO4 genotype was more 

resistant against toxic Cd conditions. On the other hand, 

8B, 420A, 1103P, 5BB, Harmony genotypes with 

decreasing shoot, leaf and root dry weights under Cd 

toxicity conditions, higher leaf Cd accumulations and 

significantly decreasing leaf N, P and Zn contents were 

considered as sensitive to Cd toxicity. It was determined 

that the responses of grafted vines to Cd toxicity were 

changed by rootstock-scion interaction. However, it 

should be evaluated for Cd accumulation and tolerance 

in different rootstock/scion combinations. 
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