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Photosynthetic gas exchange and growth characteristics were examined in pea and barley 
plants using 1 mM Cd treatment. Plants were sown into neutral peat substrate and at a leaf 
development stage were treated with 1 mM cadmium concentration solution. Gas exchange 
parameters (photosynthetic rate; intercellular CO2 concentration; transpiration rate; water use 
efficiency) were measured with portable photosynthesis system LI-6400 on the fifth day after Cd 
treatment. Under Cd stress the photosynthetic rate of pea and barley plants decreased by 16.7 % (p 
< 0.05) and 12.8 % (p < 0.05), respectively, compared to the reference treatments. Photosynthetic 
response of pea leaves to cadmium stress was slightly different from that of barley. Intercellular 
CO2 concentration decreased by 27.4 % (p < 0.05) in pea leaves but it increased by 33.5 % (p < 
0.05) in barley leaves. Cadmium treatment had no statistical significant effect on the transpiration 
rate of pea plants, while the transpiration rate of Cd treated barley decreased by 23.1 % (p < 0.05), 
compared to the reference treatment. CO2 reduction processes of Cd treated pea leaves increased 
(because intercellular CO2 concentration decreased), but that had no positive effect on a 
photosynthetic rate, and the photosynthetic rate of pea decreased by 4 % more than that of barley. 
The changes of dry biomass of cadmium treated plants were weak and statistically insignificant.  

Key words: cadmium, photosynthesis, transpiration, water use efficiency, biomass. 

 
 
 

1. Introduction 
 

Contamination of heavy metals such as cadmium 
(Cd) through human activities has increased since the 
last century. In urban areas or agricultural land with a 
long history of crop production, the concentrations of 
trace elements, especially heavy metals, in soil can be 
higher than those found in parent materials (Senesi et 
al. 1999). Heavy metal inputs include those from 
commercial fertilizers, liming materials, and 
agrochemicals, sewage sludge and other waste used as 
soil amendments, irrigation waters and atmospheric 
deposition (Senesi et al. 1999). Highly polluted soils 
containing over 100 mg kg-1 Cd are reported in China, 
France and some other countries (Goncalves et al. 
2009). 

Cadmium, a non-essential element that can be 
highly phytotoxic at low concentrations, has been 
ranked No. 7 among the top 20 toxins (Yang et al. 
2004). In plants, exposure to Cd causes reductions in 
biomass production and nutritional quality, and 
inhibition of photosynthesis, stomatal conductance, 
transpiration rate (Shi and Cai 2008), sacharide 
metabolism (Moya et al. 1993), and other metabolic 
activities (Sharma et al. 1998). Cadmium is easily 
taken up by plant roots and can be loaded into the 
xylem for its transport into leaves. A number of 
studies have demonstrated a toxic effect of Cd on 
plant metabolism, such as decrease in the uptake of 
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nutrient elements (Sandalio et al. 2001) and changes 
in nitrogen metabolism (Shi and Cai 2008). 

Cd stress affects photosynthesis in various ways. 
It inhibits the synthesis of chlorophylls (Chl) 
(Azevedo et al. 2005, Shukla et al. 2008) and their 
stable binding to proteins (Horváth et al. 1996), 
thereby decreasing the accumulation of pigment–
lipoprotein complexes, particularly photosystem (PS) 
I (Wang et al. 2009). The primary targets of Cd 
toxicity are also PSII and an enzymatic phase of 
photosynthesis, particularly ribulose-1, 5-
bisphosphate carboxylase/oxygenase (Krantev et al. 
2008, Popova et al. 2008). However, in other 
researches no direct Cd effects on the photosystem are 
found in Brassica juncea (Haag-Kerwer et al. 1999) 
or Arabidopsis thaliana (Perfus-Barbeoch et al. 
2002). Toxicity of Cd has been related to an increase 
in lipid peroxidation and alterations in the antioxidant 
system (Romero-Puertas et al., 2004). Cadmium also 
produces alterations in functionality of membranes by 
inducing changes in their lipid composition and this 
can affect some enzymatic activities associated with 
membranes such as H+-ATPase (Fodor et al. 1995). 

Plants have to regulate the protection of their 
photosynthetic active tissue when exogenous factors 
or other conditions change in the environment. Stress 
responses are determined by a stress type and 
intensity (Ernst 1996) while plant tissue and species 
are affected (Chen et al. 2007). Differences in stress 
tolerance among plant species and genotypes within a 
species may be associated intrinsically with the 
genetic basis (He et al. 2008). The aim of this work is 
to study the impact of 1 mM cadmium concentration 
on photosynthetic gas exchange and growth of pea 
(Pisum sativum L.) and barley (Hordeum vulgare L.) 
plants. 

 
 

2. Methodology 
 

Pea (Pisum sativum L.; cv. ‘Ilgiai’) and barley 
(Hordeum vulgare L. cv. ‘Aura’) plants have been 
chosen for this study. Experiments were carried out in 
a vegetation room in the controlled environment: 
photoperiod – 14 h, average temperature - 20–25 0C, 
relative humidity – 60 %. “Philips Master Green 
Power CG T” 600W lamps, with light intensity at the 
level of plants 14000 Lx, provided the light. 

Plants (20 per pot) were sown in a neutral (pH 
6.0–6.5) peat substrate in 5-L pots (21 cm in 
diameter) and at a leaf development stage (Growth 
stages... 2001) were treated with 1 mM cadmium 
concentration solution. Reference treatment was 
watered with distillated water. In each treatment there 
were three pots of replication. Duration of the 
experiment was 5 days. 

The following indices were determined on the 
fifth day after Cd treatment: net photosynthetic rate 
(Pn), intercellular CO2 concentration (Ci), 
transpiration rate (Tn), water use efficiency (WUE) 
and dry over-ground biomass. 

Gas exchange was measured with portable 
photosynthesis system LI-6400 (LI-COR, USA). Net 
photosynthetic rate (µmol CO2 m-2s-1), transpiration 
(mmol H2O m-2s-1), intercellular CO2 concentration 
(µmol CO2 mol air-1) and water use efficiency (µmol 
CO2 mmol H2O-1) of a second pair of fully expanded 
leaves of pea and second fully expanded leaves of 
barley were registered every 30 seconds for 40 
minutes; from these data there were calculated a mean 
of day of measured indices. Environment conditions 
during experiments were: air flow rate – 400 µmol s-1; 
block and leaf temperature – 25 0C; CO2 concentration 
in a sample cell – 300–400 µmol CO2 mol-1; relative 
humidity in a sample cell – 30 %; lightness in quant – 
180 µmol m-2 s-1. 

The samples were dried in an oven at 60°C until 
constant dry over-ground biomass was obtained. The 
over-ground biomass was expressed in mg plant−1. 

To compare independent variables Student’s t 
and U tests were used.  All analyses were performed 
by STATISTICA and the results were expressed as 
the mean values and their confidence intervals (CI) (p 
< 0.05). 

 
 

3. Research results 
 

It was found that Cd toxicity caused a notable 
reduction of a photosynthetic rate in different plant 
species (Krantev et al. 2008). In this study there has 
been also observed that a significant decrease in a   
photosynthetic rate (Pn) occurred in pea and barley 
treated with 1 mM cadmium (Fig. 1, A). Cadmium 
exposure resulted in 16.7 % and 12.8 % decrease in a   
photosynthetic rate of pea and barley plants, 
respectively, compared to reference treatments. 
Regarding Cd toxicity to PSII activities in plants, 
some researchers have suggested that Cd binds in the 
sites of both the acceptor and the donor sides of PSII 
(Sigfridsson et al. 2004). On the donor side, the 
presence of Cd2+ exchanges, with high affinity in a 
slow reaction, the Ca2+ cofactor in the Ca/Mn cluster 
that constitutes the oxygen-evolving centre 
(Sigfridsson et al. 2004, Faller et al. 2005), which 
results in inhibition of photosynthetic oxygen 
evolution. Cd also inhibits electron transfer from 
redox-active tyrosine residues D1-161 (Sigfridsson et 
al. 2004, Wang at al. 2009). 

Whereas in other researches no direct Cd effects 
on the photosystem are found in either Brassica 
juncea (Haag-Kerwer et al. 1999) or Arabidopsis 
thaliana (Perfus-Barbeoch et al. 2002). Toxicity of Cd 
has been related to an increase in lipid peroxidation 
and alterations in the antioxidant system (Romero-
Puertas et al. 2004). A photosynthetic response of pea 
leaves to cadmium stress was also slightly different 
from that of barley. 
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Fig.1.  Changes in net photosynthetic rate, Pn (A) and 

intercellular CO2 concentration, Ci (B) in pea and 
barley plants treated with 1 mM cadmium. Values are 
the means of ± CI0,05. 
 

Intercellular CO2 concentration (Ci) of peas 
decreased by 27.4 % under 1 mM cadmium impact 
(Fig. 1, B), on the contrary, Ci of barley increased by 
33.5 % under the mentioned impact, compared to the 
reference treatment. An increase in an intercellular 
CO2 level (Ci) indicated that Cd reduced net 
photosynthesis (Pn) by reducing CO2 fixation by 
Rubisco (Wahid et al. 2007). A high intercellular CO2 
concentration decrease shows that despite the 
decrease in the photosynthetic rate by 17 % the 
reduction processes of CO2 in pea leaves were very 
intensive. Ci and Pn reduction also could cause the 
closure of stomata (Musyimi et al. 2007; Wang at al. 
2009), but as it is presented in Fig. 2 (A) the 
transpiration rate (Tn) of peas treated with 1 mM 
cadmium increased even by 13.3 % (p > 0.05). The 
reason of inhibition of the photosynthetic rate of peas 
is not the closure of stomata. On the contrary, 1 mM 
cadmium exposure reduced a transpiration rate of 
barley by 23.1 % compared to the reference treatment 
(Fig. 2, A). 

Cadmium stress also produced disturbances in 
water balance and thus reduction of water use 
efficiency (WUE) was observed with Cd treatments. 

This might be due to the inhibition of absorption and 
translocation of water, as previously observed by 
Barcelo and Poschenrieder (1990) and Singh et al. 
(2008). Under an impact of 1mM cadmium WUE of 
peas decreased by 26.5 % (p < 0.05) (Fig. 2, B), while 
that change had also affected photosynthetic rate 
losses. Meanwhile, 1 mM cadmium exposure had a 
different impact on WUE of barley, i.e. WUE of those 
plants increased by 14.7 % (p < 0.05). An increase in 
WUE of barley was caused by a higher decrease in the 
transpiration rate compared to the photosynthetic rate 
of those plants (Musyimi et al. 2007). 
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Fig. 2.  Changes in transpiration rate, Tn (A) and water 

use efficiency, WUE (B) in pea and barley plants 
treated with 1 mM cadmium. Values are the 
means of ± CI0,05. 

 
Heavy metals disturb the uptake and distribution 

of essential nutrients including the uptake and 
transport of Fe to leaves (Krupa et al. 2002). 
Consequently, contact of plants with Cd leads to 
reduction in the total photosynthetic area and plant 
biomass (Lopez-Millan et al., 2009). However, there 
are studies about a stimulating effect of low 
concentrations of cadmium on the plant root system, 
biomass accumulation and leaf area (Ivanov et al. 
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2001, Wu and Zhang 2002; Wu et al. 2003). Peas 
treated with 1 mM Cd have shown a slight (p > 0.05) 
increase in dry biomass accumulation (Fig. 3), 
supporting the findings of other researches that there 
is some potentially positive impact of cadmium on the 

plant growth at its lower concentration (Wu and 
Zhang 2002, Wu et al. 2003). The same exposure of 
dry over-ground biomass of barley has decreased by 5 
% compared to the reference treatment, but it is 
statistically insignificant. 
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Fig. 3.  Changes in dry over-ground biomass of pea and barely plants treated with 1 mM cadmium. Values are the means 

of ± CI0,05. 
 

4. Conclusions 
 

Cadmium stress reduced the photosynthetic rate 
of pea and barley plants by 16.7 % (p < 0.05) and 12.8 
% (p < 0.05), respectively, compared to the reference 
treatments. A photosynthetic response of pea leaves to 
cadmium stress was slightly different from that of 
barley. 

CO2 reduction processes of Cd treated pea leaves 
increased because intercellular CO2 concentration 
decreased by 27.4 % (p < 0.05), but that had no 
positive effect on a photosynthetic rate. Whereas 
cadmium stress produced disturbances in water 
balance and thus reduction of water use efficiency 
arose by 26.5 % (p < 0.05). 

Increase in intercellular CO2 concentration of 
barley by 33.5 % (p < 0.05) suggests that enzymatic 
dark reaction of photosynthesis was strongly affected. 
But the parallel change in photosynthetic and 
transpiration rates of barley indicated that the 
photosynthetic response to Cd stress could also be 
attributed to the alteration of a photosystem and a 
transpiration rate.  

The changes in dry biomass of cadmium treated 
plants were weak and statistically insignificant.  
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Silpnos kadmio koncentracijos poveikis žirnių ir miežių 
fotosintezei ir augimui 
 
 
Irena Januškaitienė 
Aplinkotyros katedra, Vytauto Didžiojo universitetas 
 
 
 
 

(gauta 2010 m. liepos mėn.; atiduota spaudai 2010 m. rugsėjo mėn.) 
 

Tyrimo tikslas – ištirti 1 mM Cd koncentracijos poveikį žirnių ir miežių fotosintezėje 
dalyvaujančių dujų ir augimo parametrų pokyčiams. Augalai buvo sėjami į vegetacinius indus su 
paruoštu neutralaus rūgštumo durpių substratu, o jiems pasiekus lapų vystymosi tarpsnį buvo 
palaistyti tirtos koncentracijos kadmio tirpalu. Praėjus 5 dienoms po poveikio, naudojant 
nešiojamą fotosintezės sistemą LI-6400, augalų lapų paviršiuje buvo matuojami dujų santykių 
pokyčiai: fotosintezės intensyvumas, viduląstelinis CO2 kiekis, transpiracijos intensyvumas ir 
vandens naudojimo efektyvumas. Kadmis sumažino žirnių ir miežių fotosintezės intensyvumą 
atitinkamai 16,7 % ir 12,8 %, palyginti su kontroliniais augalais. Fotosintetinis žirnių atsakas į Cd 
keliamą stresą šiek tiek skyrėsi nuo miežių: viduląstelinis CO2 kiekis žirnių lapuose sumažėjo 27,4 
% (p < 0,05), o miežių – padidėjo 33,5 % (p < 0,05). Taip pat kadmis nedarė statistiškai 
reikšmingos įtakos ir žirnių transpiracijos intensyvumui, o miežių transpiracijos intensyvumas 
sumažėjo 23,1 % (p <0,05), palyginti su neveiktais augalais. Paveiktų kadmiu žirnių lapuose CO2 
redukcijos procesai suintensyvėjo (kadangi viduląstelinis CO2 kiekis sumažėjo), palyginti su 
kontroliniais augalais, bet tai nedarė teigiamos įtakos fotosintezės intensyvumui, kuris buvo net 4 
% mažesnis nei miežių. Kadmiu paveiktų tirtų augalų sausos biomasės pokyčiai buvo maži ir 
statistiškai nereikšmingi.   
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