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Abstract: [Objective) This study analyzed the photosynthetic and physiological responses of Eucalyp-
tus grandis saplings to cadmium stress to provide reference for the selection of suitable site conditions for
E. grandis. [Method] One year old E. grandis saplings were selected for potted control experiments with 5
cadmium levels of CK (0 mg/kg), T1 (12. 5 mg/kg), T2 (25 mg/kg), T3 (50 mg/kg) and T4 (100
mg/kg). Each treatment had 3 replicates, and cadmium amount was applied equally in each month from
May to September 2018. The photosynthetic pigment content, photosynthetic characteristics, photosynthet-

ic light response and chlorophyll fluorescence parameters of treated plants were measured by the end of Oc-
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tober. [Result] With the increase of cadmium level, the contents of chlorophyll a (Chl a), chlorophyll b
(chl b),Chl (a+b) and carotenoid (car) all decreased,and Chl a/b increased first and then decreased. Net
photosynthetic rate (P,),stomatal conductance (G,) and transpiration rate (T,) decreased gradually,while
intercellular carbon dioxide concentration (C;) increased gradually. The apparent quantum efficiency
(AQY),light saturation point (LSP),maximum net photosynthetic rate (P,,.,) and dark respiration rate
(Ry) decreased,while light compensation point (LCP) increased gradually. The initial fluorescence (F,) .,
maximum fluorescence (F, ), actual photochemical quantum yield (Ppsy ) and maximum photochemical
quantum yield (F,/F,) of PS]I decreased. The electron transfer efficiency (ETR) first decreased and then
increased , while the potential activity (F,/F,) of PS]| first increased and then decreased. The photochemi-
cal quenching coefficient (¢P) and non-photochemical quenching coefficient (NPQ) did not change signifi-
cantly. The thermal dissipation energy (D) and photochemical reaction energy (P) decreased, while the
dissipated energy of non-photochemical reaction (E,) increased. [Conclusion] High cadmium contents in
soil had significant inhibitory effects on the photosynthetic physiology of E. grandis saplings. Therefore, it
is necessary to avoid the development of E. grandis plantation in areas with severe cadmium pollution,and
it is not suitable to choose E. grandis as cadmium-enriched plant for ecological restoration in cadmium con-

taminated areas. However,it is feasible to plant E. grandis in areas with less cadmium pollution of below

12.5 mg/kg.

Key words: Eucalyptus grandis; cadmium stress; photosynthetic physiology; photosynthetic light re-

sponse;chlorophyll fluorescence
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Table 1 Changes of photosynthetic pigment contents in E. grandis saplings under different cadmium treatments

40 ﬂfﬁ%’{aé‘ii/ ”fﬁ?ﬁ"ﬁb/z:i/ ek f‘?%fjé’?%/ ﬂfﬁ%ﬁ%fi/ WA /b

Treatment ‘(mg-kg ‘1> ‘(mg'kg ‘l) . (mg - kg™ 1) . - (mg * kg™ D) Chl a/b
Content of Chl a Content of Chl b Content of carotenoids Total content of chlorophyll

CK 0.93540. 145 a 0.41240.064 a 0.25840.023 a 1.3474+0. 209 a 2.26940.065 ab

T1 0.87740.046 a 0.370=40.010 ab 0.22440.011 ab 1.24740.055 ab 2.37040.115 a

T2 0.82240.031 ab 0.368=40.006 ab 0.22040.006 b 1.1904+0. 035 ab 2.23440.140 b

T3 0.706=40. 046 ab 0.332740.025 ab 0.19840. 003 be 1.0394+0.072 ab 2.12740.078 b

T4 0.6154+0.025 b 0.28340.014 b 0.18140.005 ¢ 0.8974+0.039 b 2.17340.009 b

T < R SRR b A TR /NG 57 Bk 3 7 Ak 30 ) 22 57t 2 3 (P<C0. 05) . Rl

Note: Different lowercase letters indicate significant differences among cadmium treatments (P<C 0. 05). The same below.

2.2 REMEXEZRDH K SHENIIG

2 2 A1, B 2 A A B K P 0 4R s R Al A
MR P, G, SRR B S KO A (T3,
TOR 5 CK 22 5 843k I K (P<<0.05): T, &
I A A AR A A BN T2 Ab BT IR CK B 3%

R s i Co BSR40 KT i 48 & 2 BT, B
T2 kb FEIF 45 8 2 8 F CK(P<C0.05), X ik E ke
g it AR R RE T R 3 R R R AR R ALIR
M
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Table 2 Effects of cadmium stress on photosynthetic characteristics of E. grandis saplings

s WA TR P,/ LRI G/ W) — AL IE (o) / AW AT/
Treatment (pmol e m™% « s~ 1) (molem 2+s 1) (pmol » mol™") (mmol e m™—2 « s 1)
Net photosynthetic rate Stomatal conductance Intercellular CO; concentration Transpiration rate
CK 5.28440.055 a 0.08540.008 a 285.260£2.851 ¢ 0.906=+0.029 a
T1 5.103£0.332 a 0.07640.005 a 293.35045.221 ¢ 0.88340.032 a
T2 4.59840. 384 ab 0.06540. 006 ab 312.53643.624 b 0.76440.034 b
T3 4.10340. 396 be 0.05340.008 b 317.308=+1.652 ab 0.688=+0.032 be
T4 3.457+0.045 ¢ 0.04740.004 b 326.162£5.768 a 0.606=+0.020 ¢
2.3 $EEpEX E R GBMH F A M 4 E R e 3 AT UL, Bl 25 Ak B KF 4R L B R S AR
=11 MR P 2 T REBESE, LAY EFEMT CK

H 1 Al LA L AN [ KO- 48 b BB F 4l A O
A -otma B 2R 1 A5 Ak s BB AR A AL, B ZE IR PAR
(<150 pmol/(m® « ) Z M. E 4 P, B PAR [
B i AR B 2 IS BEE PAR I FRSE 5 L 45 A
FRAAR P, MK AR 92, M B2 B RO & LR
P24 PARZ=1 000 pmol/(m® « ), P, T 2%
TR, 7E[R— PAR F.BEERK TR, P, 2
TR HIRAEM N CK>T1>T2>T3>T4,

(P<<0.05), T3 5 T4 b P Z M 2 HF KB &E (P>
0.05) . AQY.LSP HI R, i % % W36 il 5 i 12 #i
FEA% . F N T2 FF i B K F CK(P<C0.05), LCP
O Bt 2 6 Mol 30 o R S 9 T L R N T3 Ak BRI 4R
FEET CK(P<C0.05), Z4REW  FEmMbET,
Fi i 2 B S A MLAR 38 32 31— 52 A B A 3R, i 4
ML A5 B 6T A kR L 55 6 R fig T 394 R [ s
)T R .
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x3 BENERSH M #HEHESHNZM

Table 3 Effects of cadmium stress on characteristic parameters of photosynthetic light response of E. grandis saplings

W T ROR FeREGA B (Pra) / e A g (LSP) / Yt 5 (LCP) / 5 I I 53R (Ra) /
poE:it (AQY) (pmol « m™% « s 1) (pmol » m™% « s71) (pmol » m™2 « s71) (pmol e m™2 « s71)
Treatment Apparent quantum Maximum net Light saturation Light compensation Dark breathing
efficiency synthetic rate point point rate
CK 0.05740.002 a 6.461+0.481 a 1032.41452.41 a 9.47+0.47 ¢ 0.48140.018 a
T1 0.05540.001 a 4,78540.105 b 936.53426.53 ab 9.74+0.26 ¢ 0.46040.012 ab
T2 0.04240.001 b 3.575+0.125 ¢ 872.48+32. 48 be 10. 4540. 45 be 0.42540.006 b
T3 0.03640.001 ¢ 2.805+0.015 cd 774.12440. 88 cd 11.05%£0. 05 ab 0.37840.004 ¢
T4 0.034740.002 ¢ 2.665+0.015 d 657.68437.68 d 11.98+£0.22 a 0.34340.001 ¢

2.4 RHPEMNERYHMHEELASHHNEZM
t2 4 Al HL BEAghBnt j Fo JF, R F,/F, 3
Wit 5 o Ak T K S B R T S T R AR FL/F B R A
PRS- 4 51 2 T e S5 BRI B AE T4 /b T 5
CK A3 2 5 B KT (P<<0.05), 43 % CK T %
23.7%,33.0%,10. 2% H1 6. 7% ; Dpsy £ T2~T4 kb

PR B FMET CK(P<C0.05), ETR W 3} FF 4
FEAL RS AR T CK(P<C0. 05) , i ¢P #l NPQ 7£
B AR JC AR L (P>>0.05), X £, 8K
WSS E ML B E R PSTT 32 461, 9 1 BB i S
ilEE 3

x4 RPBXERGHMIRSHBIZ W

Table 4 Effects of cadmium stress on fluorescence parameters of E. grandis saplings

b 3 P2 $ Fluorescence parameter

Treatment Fo Fo F,/F, F,/Fn
CK 908.9104+37.557 a 3 638.193+£88.471 a 3.00840.045 a 0.75940.001 a
T1 797.167+£57.698 ab 3 363.4874167.760 a 3.040£0.025 a 0.74840.011 a
T2 774.297450.497 ab 3321.6304191. 048 a 3.05440.120 a 0.74640.008 a
T3 747.595461. 849 ab 3 060, 277+378.778 ab 3.10740. 148 a 0.7394-0.006 a
T4 693.4414+72.393 b 2 436.390+98.010 b 2.70040.007 b 0.70840.005 b
b 3 %8 Fluorescence parameter

Treatment Dps ETR qP NPQ
CK 0.107240.001 a 25.5334+1.197 a 0.10540.009 a 3.28540.079 a
T1 0.088=+0.006 ab 14.34840.559 b 0.09840.005 a 3.19640. 145 a
T2 0.07040.002 b 13.982+1.230 b 0.10140.019 a 3.085740.080 a
T3 0.06940.012 b 14.00943. 686 b 0.10240.031 a 2.9264-0.289 a
T4 0.06740.008 b 15.44940.449 b 0.11940. 007 a 3.24940.029 a

T Fo. RPN s Fu. iKY Fy/Fo. PSITETEIG M Fo/ Fra
BB 5 g P AL 2 A K R HGNPQ. ARl WK R 8L

Note: Fy. Initial fluorescence; Fp,,. Maximum fluorescence; F,/F,

PST g ROEAb 2 4k 7 4k s Dpsy - PSTTSEBRIGAL 2 77 4 s ETR. fL 7%

. Potential activity of PST[ ; F,/F,. Maximum photochemical quantum yield

of PST ;®psy . Actual photochemical quantum yield of PST[ ; ETR. Electron transfer efficiency; gP. Photochemical quenching coeffi-

cient; NPQ. Non-photochemical quenching coefficient.
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2.5 $REMB XY B #& 4 # IR U ¢ B8 45 B 9 B2 i

Fi AR BB I 7 X 82 05 R 43 TC 14 6 TR0 20 an 3%
5 FT7n . M5 Al AL IR (CKD B 4 8 i ok
REMY 66. 220 F T REMAER (D) 6. 170 F Ttk
RRFERL(P) 5 29. 8% FH F AR etk % RN AE#L(EO .
B 5 B A S AKCOE 4R T R AFE I O BE L
326 B v/ o fE T4 bR 5 CK 22 53k 3 i 3% K7

(P<C0.05), [~ 3. 9% 5 F T 6k 24 I b #E B Y
R RS T N I E = e SN O AL R N
T2 Ab B SEA B35 R R (P<<0. 05) ;1 1 T 3661k
N AR TR LU A9 B W N AE T4 AbFERE 5 CK 2
SR F KO (P<C0. 05) , W w Ky 12, 1%, %45
TR L BE A P8 0N B RO A R RN
Wk 2 R 2 9 55 38 0 0 B 1

£5 REhEXE B R IR 88 53 B B9 R

Table 5 Effect of cadmium stress on distribution pattern of absorbed light in leaves of E. grandis saplings %

JHE/r L Energy distribution

b3 REMFEH (D)
Treatment Fraction of absorbed light that
is dissipated thermally

Sl 2 RN AE L (P)
Fraction of excitation energy that
is utilized for photochemistry

e Ab 2 RN AERL(EO
Fraction of excitation energy not
dissipated in the antennae that cannot
be utilized for photochemistry

CK 66.241.0 a 6.14+2.1a 29.8+1.0 b
TI 65.3+0.6 ab 3.240.2 ab 31.340.7 ab
T2 65.2-0. 6 ab 2.840.6 b 32.041.0 ab
T3 64.80.8 ab 2.541.0b 33.040.8 ab
T4 63.6-0.3 b 2.540.5 b 33.440.1a
s B FLBR ) PR 2 R AL R ) R 3 T S A C

3.1 BAMENERSMAEGEESENEIN

Mg E R AT A YA R R AR AR
TEC A VR I o & 45 25 WOl A% i3 2 5% A 6 RE 1 /R
AL TE—E B B b S WA 0 O A AR KSR, AR
e E Rt B Chl a,Chl b 5 & Bl AR 7K 7 T s 5
TR R B X SRR R A A 5T 4 AR .
03 N E Mg S R b AR R RS
SRR R 1 R B EE S A DR T SRR S R
A T BB S 5 2R 11 R S, 4 IR 5 2 D G ATl
SEG LTS, SR R A Z Y A A ]
2 0 o 30 3 ok P AR SR e T B . Car S I
LRAROG A R B (R BRI G RE L LA 4
MR MG A HLAEDY . ARBFFE P, B 4Bt A
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