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Effects of Cadmium on Photosynthetic Gas Exchange and Chlorophyll Fluorescence of Two Species of Poplar
FENG Shi—jing', YANG Tu—xi'", ZHANG Yan—-jun? LU Xiao—jun?, LIU Zhen—shan?, WEI An—zhi""

(1.College of Forestry, Northwest A&F University, Yangling 712100, China; 2.College of Life Sciences, Northwest A&F University, Yangling,
712100, China)

Abstract: The pot experiment was adopted to study the effects of cadmium(Cd) on biomass, photosynthesis, chlorophyll fluorescence charac—
teristics, chlorophyll content and the accumulation of cadmium in grey poplars( Populusxcanescens ) and cathay poplars(Populus pseudo—si—
monii K.). The substrate was the mixture of soil, vermiculite and worm cast with six concentrations of soil Cd treatment(0 mg-kg™, 20 mg-kg™,
70 mg-kg™', 150 mg-kg™', 300 mg- kg™ and 500 mg-kg™). The results showed that the lower Cd concentration(20 mg-kg™) did not signifi—
cantly inhibit the growth of either poplar, while higher concentrations( =70 mg-kg™) had significant inhibition effect. The bioaccumulation
capacity in two poplars’ roots were higher than that of leaves and stems, and the hio—concentration factors( BCF) of grey poplars was higher
than that of cathay poplars, however, their translocation factors(IF ) were approximately equivalent. The contents of chlorophyll a, chlorophyll
b and total chlorophyll of the leaves of two poplar seedlings were significantly lower in the Cd treatments than those of control, and the con—
tents were negatively related to the Cd concentrations. In grey poplars, the chlorophyll a/b ratio was higher with higher Cd concentrations,
though not significantly; in cathay poplars, however, such value showed a trend of increasing after decreasing, with the addition of Cd in the
growth medium also caused significant deleterious effect on the net rate of photosynthesis (P, ), transpiration rate(7,) and stomatal conduc—
tance(G,) in both species of poplar seedlings, but the intercellular CO, concentration( C;) increased dramatically, indicating that the non—
stomatal factor accounted for inhibition of photosynthesis in the leaves of poplar seedlings. The ratio of F,/F, and F/F, significantly decreased
with increasing Cd concentrations in both plants. The comparison of inhibition rate of two plants indicated that grey poplars were less sensitive
to the Cd stress.
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Figure 1 Effects of different Cd concentrations on the fresh weight of poplar seedlings
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Figure 2 Effects of Cd treatments on pigment contents of two species of poplar seedlings
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Table 1 Accumulation of Cd, BCF and TF in two poplar seedlings
. e E/Cd concentration/mg kg™
Al Species .
#%F/Organ 20 70 150 300 500
JK#% Grey poplar BCF #R/Root 3.85 1.40 1.27 0.89 0.64
Z£/Stem 2.24 1.00 0.79 0.51 0.39
I/Leaf 2.60 1.22 0.92 0.78 0.52
TF 1.26 1.59 1.35 1.46 1.42
Cd concent—ration/pg- g™ HR/Root 76.93+1.0E 97.83+£2.1D 190.27+4.1C 266.06+4.7B 320.34+4.3A
Z£/Stem 44.81+0.4D 70.19+0.3D 118.65+1.9C  153.99+17.6B  195.32+9.7A
I-/Leaf 52.08+0.7E 85.70+0.3D 138.34+2.8C 233.86+0.9B  258.40+1.4A
T Cathay poplar BCF #2/Root 2.48 0.93 1.03 0.64 0.53
Z£/Stem 1.63 0.89 0.69 0.42 0.34
I+/Leaf 1.49 0.86 0.70 0.53 0.39
TF 1.26 1.88 1.35 1.50 1.39
Cd concent—ration/pg- g™ #R/Root 49.53+0.2D 65.26=1.1D 154.19+5.9C 190.91+3.4B 263.98+9.9A
Z£/Stem 42.60+5.9D 62.62+4.3D 103.01+4.4C 126.55+3.0B 170.78+4.5A
IH+/Leaf 49.80+1.1E 70.05+2.1D 114.67+3.6C 169.36x1.6B  207.33x1.7A
TR RE TR /R 2 H AR, AR T-R30R 225 .4 (P<0.01),
Note: The different letters represent the multiple comparison results, indicating significant difference(P<0.01).
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Table 2 Effects of cadmium on photosynthesis of poplars with different cadmium concentrations

Al Species Cd A-FE/Cd treatment P,/pmolCO,*m~+s™

G./molH,0-m™?+s! C;/pmol CO,*mol™ T./mmolH,0 +m™-s™

J# Grey poplar CK 13.3420.22a
TI 11.98+4.31a

T™ 6.980.09b

T3 5.4420.21be

T4 4.210.31he

T5 1.090.36¢

2 Cathay poplar CK 9.75+0.35a
TI 5.73+0.35b

T™ 0.95+0.07¢

T3 0.66=0.12¢

T4 0.640.004c

T5 0.68+0.05¢

0.23+0.006a 118.25+6.51d 6.44+0.09a
0.21+0.030a 125.70+3.67¢ 6.27+0.30a
0.09+0.008b 130.71+4.44¢ 2.50+0.16b
0.07+0.002¢ 127.65+1.29¢ 2.00+0.04¢
0.04+0.004d 165.28+2.98b 0.36+0.04d
0.02+0.007d 176.22+1.75a 0.47+0.05d
0.20+0.016a 164.77+2.57d 7.98+0.09a
0.11+0.020b 194.14+1.05¢ 7.96+0.31a
0.04+0.003¢ 220.33+1.48b 1.45+0.42¢
0.04+0.007¢ 243.19+8.42a 2.57+0.50b
0.02+0.004¢ 244.48+9.76a 1.08+0.14¢
0.02+0.008¢ 241.07+3.97a 0.85+0.15¢

T RN T R 2 AR AR PR 225 15 (P<0.05) . Tl

Note: The different letters represent the multiple comparison results, indicating significant difference. The Same below.
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Figure 3 Inhibition rations of different Cd concentration on P,, G, C;, T, and chlorophyll content of two species of poplars
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Table 3 Effects of cadmium on five chlorophyll fluorescence parameters( Fy, F,,, F,, F/F,, F./F,)

for poplars with different cadmium concentrations

S Fh Species FRALFR/CA concentration Fy F, F, F.IF, F,IF,

J#% Grey poplar CK 137.8+1.64¢ 505.8+8.11a 368.0+9.03a 0.727+0.005a 2.671+0.089a
T 139.0+2.83¢ 488.6+13.35a 349.6+14.43a 0.717£0.011b 2.517+0.136b

T2 146.646.99¢ 506.0+9.67a 359.4+13.67a 0.710+0.006b 2.459+0.194b

T3 193.0£11.51c 459.6+10.64b 266.6+14.66b 0.582+0.009¢ 1.388+0.153¢

T4 203.4+9.96b 455.8+13.63b 252.4+13.46b 0.553+0.011d 1.244+0.103¢

T5 214.625.13a 439.2+13.03¢ 224.6216.74¢ 0.512+0.006e 1.048+0.102d

4 Cathay poplar CK 142.25+3.50ab  475.25+8.42a 333.00+8.76a 0.702+0.006a 2.342+0.097a
T1 143.00+2.16ab  469.25+8.77a  326.25#8,.42a  0.696+0.008ab  2.282+0.067a

T2 148.25+4.65a 463.75%3.10a 315.50+3.11a  0.681x0.008bc  2.13020.085a

T3 139.25+7.27ab  430.75+11.03b  291.50+16.98b  0.67520.004c 2.102+0.217a

T4 133.50+4.80b  425.50£9.81bc  292.00£13.74b  0.688+0.017abc  2.192+0.179

T5 147.00£6.22a 413.75%5.74c  266.75+10.84c  0.648+0.007d 1.819+0.149h
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