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Effects of cadmium stress on photosynthetic physiology and chlorophyll fluorescence in Solanum nigrum and
Solanum americanum

ZHOU Jiao, HAN Pan—pan, PAN Yuan-zhi’, WU Meng—xi, ZHAO Yin, JIA Yin, JIANG Bei-bei, ZHANG Lu, XU Qian, LIU Si-li, WANG
Kai-lu, ZENG Yong

(College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: To study and compare the effects of cadmium (Cd) stress on plant photosynthetic physiology and chlorophyll, Cd
hyperaccumulators of Solanum nigrum and Solanum americanum were selected as materials. A water culture experiment was conducted to
observe and analyze their growth and gas exchange parameters, as well as their chlorophyll contents and chlorophyll fluorescence
parameters under different Cd levels (0, 20, 80, and 320 pmol + L™"). The results showed that S. nigrum and S. americanum possessed

different Cd tolerance abilities. The growth of S. americanum was inhibited when Cd content = 20 pmol - L' (P<0.05) as its morphological
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indicators, biomass, chlorophyll content, net photosynthetic rate (Pn), stomatal conductance (Gs), transpiration rate (Ts), the maximum

photochemical efficiency (Fv/Fm), and PS Il potential activity (Fv/Fo) were all significantly decreased under increasing Cd stress
compared with those of the control. However, the Fo and Chla/Chlb values of S. americanum increased under Cd stress. Cadmium could
destroy the chloroplast structure in S. americanum and increase PS Il damage at Cd = 80 pmol - L. S. nigrum growth was inhibited when
Cd content was >80 wmol + L™, and all S. nigrum indices decreased with increasing Cd stress (’<0.05) but with smaller reductions than
those observed for S. americanum indices. Furthermore, Cd stress inhibited energy transfer efficiency to a greater extent than light energy
conversion efficiency. In addition, photosynthesis was mainly influenced by stomatal factors when Cd stress was 20 pmol - L', whereas it
was affected by non—stomatal factors when Cd stress was 80~320 pmol - L™". In summary, Cd stress showed more obvious inhibitory effects
on the growth and photosynthesis of S. americanum than on those of S. nigrum. The reductions in photosynthesis observed in the two
species were the result of the combined effects of stomatal factors and non—stomatal factors. The present study further demonstrated that Cd

tolerance was stronger in S. nigrum than in S. americanum in terms of photosynthetic physiology and chlorophyll fluorescence

characteristics.

Keywords : Cd stress; Solanum nigrum; Solanum americanum; chlorophyll fluorescence; photosynthetic physiology
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R 1 RREKE Cd B Xt R 2500 e A 2 A KARHREI ST

Table 1 Effects of different Cd content on growth indexes of S. nigrum and S. americanum

ity AbF IR PR K MY
Plant Treatments/(umol-L™")  Leaf number/(pieces-plant™) Plant height/cm Root length/cm Total biomass/(g-plant™)

JesE 0 45.00+3.27ab 38.26+2.01a 46.30+4.22ab 4.60+0.25a

8. nigrum 20 48.00+2.94a 39.20+2.20a 49.93+1.33a 4.18+0.31a

80 40.33+2.05h 33.06+1.76b 41.70+2.42hc 2.52+0.28b

320 31.33+2.62¢ 29.23+0.96b 35.23+3.36¢ 1.84+0.32¢

D AE T2 0 35.67+2.87a 46.73+1.52a 37.06+1.67a 5.95+0.34a

S. americanum 20 27.67+2.05h 38.53+2.08b 30.96+0.31h 3.43+0.26h

80 20.67+2.49¢ 34.16+1.10c 28.63+0.45h 2.57+0.21c¢

320 11.33+2.62d 24.60+1.92d 25.1622.19¢ 1.4220.11d

T RN B N P II (e hRifE 22 o ISR [N 5 B [l — IR TEAS [ b 390 i) f) 22 53 .25 (P<0.05) . Rl

Note: Date are means+SD in the table. Different lowercase letters in the same column indicate significant differences between different treatments of the

same plant(P<0.05). The same below.
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Figure 1 Effects of different Cd stress on gas exchange parameters of S. nigrum and S. americanum
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Table 2 Effects of different Cd stress on chlorophyll content of S. nigrum and S. americanum

K AbHR et &Ka M4z b RS 958 4522 a/h

Plant Treatments/ Chloro;?hyll al Chlor()[zhyll b/ Chloroph}ill( a+h)/ Chlorophyll a/h
(pmol - L") (mg-g'FW) (mg-g'FW) (mg-g'FW)

Je % 0 1.73+0.10a 0.81+0.02a 2.5420.11a 2.15+0.11a

S. nigrum 20 1.29+0.05b 0.62+0.02b 1.91+0.04b 2.09+0.13a

80 0.77+0.04¢ 0.43+0.03¢ 1.19+0.06¢ 1.79+0.08b

320 0.57+0.03d 0.36+0.01d 0.93+0.03d 1.60+0.11h

DAE e 0 1.42+0.01a 0.71+0.01a 2.13+0.01a 1.99+0.05h

S. americanum 20 1.27+0.05b 0.67+0.01b 1.94+0.06h 1.90+0.03b

80 1.0620.04¢ 0.54+0.01¢ 1.6020.05¢ 1.9720.05b

320 0.89+0.01d 0.36+0.02d 1.2420.03d 2.4740.12a

3 REMDEREHERESES CIIRER
Pearson 18 K 4 53 17
Table 3 Pearson correlation between pigment content and Cd

content in S. nigrum and S. americanum

XiF Cd BT 320, 48 SEAE W RE T 5% — 2 FE T R
4 A e AR RM B i EBLT, Wik, A
[ Vi B Cd JHhE (0.5.20 mg- L) XF Cd 48 5 Al W 2
A LR TG R 5 " H SR Cd(Cd=150

Y S UEsS 9 LESE RN
Plant Chlorophylla  Chlorophyll b Chlorophyll(a+h) mg - kg™ ) 2N N AE B A P R AR 2%
SE¥ ~0.803 0788 ~0.801% FARE T 28 1 B AE W) i 7E Cd Jih A T 3 2 2 T B (P<
. nigrum
N = R AT NS
S sl 0o 0oues 0.05, 4 1), IR FIHR I 45 PR i 12 5 9 IS

S. americanum

T #RIRTE 0.05 7K GBI | 5 3E A1 56, R IR 7E 0.01 7K (3L
M) b A TR

Note: * indicates significant correlation at level 0.05 (bilateral) ,

**indicates significant correlation at level 0.01 (bilateral). The same
below.
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Figure 2 Effects of different Cd content on chlorophyll fluorescence parameters of S. nigrum and S. americanum
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Table 4 Correlation between chlorophyll fluorescence parameters of S. nigrum and S. americanum

H4) Plant 645 Indexes HIHRZEE Fo RO Fm G RE AR AR Fy/Fm WEAETE M Fv/Fo

T2 Fo 1 0.9617%%* 0.863% 0.857%%
S. nigrum Fm 1 0954 0.963#*
Fv/Fm 1 0.989%*

Fv/Fo 1
TR IR Fo 1 0.188 -0.075 -0.196
S. americanum Fm 1 0.960%* 0.924%
Fv/Fm 1 0.988:+*

Fv/Fo 1

3.2 CdimEXY 2D IR ESE T RS HHI T
— A, FEOCE VR AR 45 FLBR
HHAIE FLBRA , Ci AR/ N PP AL R AR AL
BRI AU 2 P Gs F Cifl =2 [A) I FEAR IR, D't
A LR R0 5 24 0 A P (O REAR PR BEH Ci
{ELE9 T, W]k 0 e A 52 A SCFL R i) 2
M1, X6 AN [ AL A A0F 58 A B R R A [R5 9 A — 2
U CdJHriE T & AR/ MR A SRR O AT
SZARTALBRA ;o = AR A 15 i 25 1RO A )

SAALAAR AL A R A Bl Cd B ia
Y SE BN, e e A FE T 2 1) P il Gs 19 52 ARG
B, CHELI S S R e T Bl 3 (1 1) - 36T 20 wmol -
L™ CAd B T Gs Y REARIE 5 1S WA e 25 ' 454 FH Dk
55 ) F2 LSR5 B Cd i af v BE 1S K, Ci S I iy, 3
W W e = SR AR L P 3R (9 HBR ) sl 2 AL BR )
BEL A oG A3 o1, LRI 1 52 AT B 3 25 - PA) 200 ™
PA_E 25 R W Cd e ) PRl 22006 B BR
5 Cd B R EA %, 2 ALAAR AL G BR 1 5
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