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Effect of Lead Stress on Growth and Physiological Properties in Torreya grandis Seedlings
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Abstract: Experiments were conducted on 2-year Torreya grandis seedlings treated by different concentrations of Pb namely O(control), 700 and
1400 mg/kg in 2013. 60 days later, determinations were implemented on seedling height, ground diameter, biomass, photosynthetic and physiological
parameters such as net photosynthetic rate(Pn), stomatal conductance(Gs), etc. The result showed that 700 mgkg™ Pb treatment could significantly
promote growth of seedlings, with more biomass, height growth and ground diameter than that of the control, as well as Pn, Gs and transpiration rate
(Tr). Ultrastructure of chloroplast had no evident difference with that of the control, but activities of superoxide dismutase (SOD), peroxidase (POD)
and catalase (CAT) decreased significantly. The treatment of 1400 mg/kg of Pb inhibited the growth, with less biomass, height growth and ground
diameter than that of the control, and also Gs and (Tr). Ultrastructure of chloroplast was damaged, and superoxide anion (O,"), H,O, and
malondialdehyde (MDA) increased evidently, as well as SOD, POD and CAT, compared with that of the control.
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AR, FEEREEI . Tolkfb . IRERSHORLL A YLRA R E/H, Pb 5 M KA HIEI5 L H 5%
SRR . 3R Ph A B AR AE AR R N, AR E SRR MR EZY,
HEA, MEEEEH AR S SE A, SRR, BRSO SRS I A, Rl
KBHAED . BFTRIE, Pb XHE A KB R B —E IR ERY, i — e iR B A AR A s 9
Ko DICEWIE T AEIRE Po Mia T 222 F 5 m /N ARG, LMW AR T B BaE R, bl
FE MR TEK: | S FB AN BE— T & B, AR AT P Jik s A A B B AN
500 ~ 1 000 mg'kg" B Pb XHIMFALIE A K BATEEER , mixd EREAE 04 K B B A HrE Y, 78
600mg-kg ' Pb AT, MRS E L (POD) JEMEETA AW, HAT Pb fE s T4 AW, i,
HWLBRNFFEA R AT P b e B2 o

FHE Torreya grandis cv. Merrillii 4L G AZF} Taxaceae HEA & Torreya H A, REFAMER IR 28 52K
RIZE N TIGHERE B M fh . SRS R E p 7 BB T2, HWEFNER, &3 hiisig . &
HRR 2R E TR, BEAFgsLr, RERM. WH. 258, MR, S, WECh ki 2 kiR &
AR, AR SRR BRSNS R LT, ARAECHIBSREF g, S EHE . AYUIELURBIRAE, &
SRS EIH I, (il THSRIE SR . WhiEESA Pb, ik Po BMERBL, RFIECEVUIERSERAS ESEN
AREEREEATE AR, SR +1E Po SR, (HAEFRMER TP ARG RN, X 0TRE R TR X
HEJR TR ARSI, X Po AEEEH. HuilyRR AL E 48 Po P S2HERHGE , HERIZ)
TEXIASE] Pb ACFE T HA: KA A P 7 O A LB AR A 7 12

VIHERIZNE AR, WFEANIRIR EE P ARG S B AR | S A RNE P AU A BB BREGEE PR e, AR
o Pb XHHERT 2N 1 7 5 0 A BRAL B R (bl

1 MK E7TE

1.1 RIam 5

2013 4F 6 H, MR Wm—30. oIS YRE R ER) 2 4 SEMERE (HA2 R 5+0.5 mm, FEh 352
cm) ABEAATE, FhFORIET R R, R/ANEAR 2. TORIE . SRR R (A 18R ) B0
Jiik, AR EERNA 16.5 cm, T 18 cm, JEIAFLAERIE, REFCIYEIRAEAGIE (2.5 kg @) %I
1:1 (viv) HRBliR A . 8 HFFEG, &3 d5BE 11K 200 ml S48 57 (Hoagland ) , £75% 1 M H, ARG RHAFEIH
J& Pb AbF, DL Pb(NOs), EhIFHANTEAMIN (Ab3aT 38Rk Pb) |, AREEETSEHE Pb(NO;), I+ H iHH4l
Pb &, JFECE 60 gL BIBRA, WRGHETRORE, FF94IIAN. Pb 4B T1 (0, CK) , T2 (700 mgkg") Hl
T3 (1 400 mg'kg') , PbIREEEFESHREAENSE NMOHGE!. T1, T2 il T3 B PER Po SERFELIAN, H
RICEIRE T, FINMPRREIR . G 3 d 5% 1K, RASEARENSALRISE T, 2 3 AV
B, MO 3AEE, BAES SR SRR, 60 d EXTHEE . R EY RS K iehRi
e, Hae AR AERREB AR TR SE 3, 55 4 FThREr e .
1.2 NEERSHZ
12,1 Ak#H FECRERERKE, WENE S50, AR .
122 g, MAEMEHENE HrnFABEEALGEG SR EAZ R0 AR B S (RESTREIZE ) |,
SRASTH A8 & (seeding height increment, SHI) , F&HHZ] 0.1 cm; 435 FACPRATAIZCEE 5 bR R S E 52
AR (R T3 SCIRINNE 2 Wk, BCPISE ) | SREEHEEE (ground diameter increment, GDI) |,
FEE] 0.02 mm; RIEACFREREIE, BHHERHR ( HKYES, BT ) Fib BP0 ARG, SRIGHUE,
105CHMHFTAE 0.5h, SOCHFMNMLTEIEE, WE&msTE, SMEHES 31K,
123 HesHFEmNE  RMZFERE Licor 2342 Li-6400 FHERGEIE RGN E M4E4: C 524 R HHE
it (R C R RIR KR ) BPEEEER (Pn) | KFLSEE (Gs) | Miglb) CO, kB (Ci) FIZEMEHZE (Tr) .
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MERT, SeAA GRS (PAR)BEE A 1200 pmol'm™s™, CO, ¥ ( Ca )2y 450 pmol'mol™, FEEH A 500 pmol's™,
WEFRER (29+1) T,
124 "EFRASHINE  EBCHFEARNC TR (i ERCREIE R ) RAHEEECE R4 E
KHAL MINI-PAM (WALZ, 78 ) Jilg Hip/ MNEEras (Fo) | RN E (Fm) , FHHeAE5E (Fv) .
Fv /Fm #R PSI s REb 2 7o IERT, $H17 70 R ARG Y.
125 BEAMET (0,7) Fa#ESR. T8MEA (H0,) . W= (MDA) fufi &8 (Pro) &&8NE O, 7
R R AR H,0, SR E R Patterson SFAY7TE"; MDA & &HIE R B2
i (TBA) ) Pro &5 R F B i = i) 2E7:0),
1.2.6 EAMNY S AHE (SOD) . FAHE (POD) foid A £ 8 (CAT) EMME SOD iHPEAH NBT ikl
SENT DI He ) P ) S DU SRR R 50% 4 1 AMEEEPE AN (U ) o POD &R A A ARI L (k™™
VLRS- 3h A470 ASAUABE R REREPE RN . CAT JEMER R ANRISGEME , LIS A240 H)ASKAE R REHE )
KN AFEEFRTG T 55— & E S R F BEF TR
127 MEERBHEMHIE EBCYEANC eI F, AT UIRIR/ N, N 2.5%8915%
TR 4CH E SRS, HBEERZ M (pH =7.0, 0.1 mol'L™") MPBERES: 3 YK, 1K 15 min, ARG, 1%FH
RIS E 2 h, FH 50%, 70%, 80%, 90%A1 95%H Z R RHEYE( BHK 15 min ), FEH 100%ZFHEYE 20 min,
o AN EARITEYE, 20 min 25, MR SHENR ST (vv=1:1) 85 1 h, FHAERSNENR S
W (viv=3:1) ZRERRESS, 3 h 2GR NGRS b, A ERisE R, PR EE#23) eppendorf iRE
TOCTMPGITE . 2 Skt H 3720 /89 IME-1230 HLF- B 5 F g,
1.3 HiEgtit+

RIS Excel 2013 F1 SPSS 16.0 #EAT4E TN, e 4da A 3 RS ) FAEAIbRHE R R H SPSS 16.0,
AT R R 2 HERMT (P<0.05) .

2 HBRH0HM

2.1 Pb AbIB3T R 2 & A KB B E2 T
ANFHRIE P SRR AR A AR R 5200 . T2 b3
2 HUG, SERLET A KIS S T, W T3 ARERR A
PR/ KNS, IR A wE (K1) .
2.2 PbAMEMIEMSGEEYE. B, . RELLOEN
2 ANHJE, HERZhE A E . E . R AR
TRFEFEEERIE, (HARRNGHEZ MR AR KR . T2 43 3
R A, T ARRIREE A BT (P<0.05) . 47 Figure 1 Effect of different concentrations of Pb on
S T1 (CK) BIIT 36.4%, 8.5%, 43.3%F123.4%., the growth of T. grandis seedlings

A1 REREPbAESHER 4G 4 3

F 1 FEIRE P MiER AN EEYE. BSEE. WERESRZLLMNT M
Table 1 Effect of different concentrations of Pb on dry weight, increments of seeding height and ground diameter and the ratio of root and shoot in
Torreya grandis seedling

Pb AbHRIE/ (mgkg!) BAYRg Wi 32 /em HifEHE B /em HZEL
T1 35.44+0.42° 14.30+0.58° 1.81£0.09° 0.47+0.003°
T2 48.34+0.32° 18.50+0.57° 2.8140.34° 0.58+0.002°
T3 27.3340.31° 7.30+0.10° 0.43+0.21° 0.49+0.002°

1 AHIEHERRE PR AR5 ab,c FIRFEERIE RE K (p<0.05).

fH T3 AbPRAYZ A | B R AR e A L S B B TR ( P<0.05 ) , 23 BILE AT HRFEAR T 22.9%, 14.2%
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F159.7% (P<0.05) , tRZEH S50 NITEREER (P>0.05) , WE 1,

2.3 Pb A IEXER LN E NS S EHIF M

T2 ALPRTF, HERTZNETH FAD Pn, Gs fil Tr 3B E R TR (P<0.05) , BT IRIFE T 16.1%, 23.7%
1 24.4%, Ci MIZEZE/NFRER (P<0.05) , BATHRFFRT 14.83%. T3 AT, WA Pn, Gs Al Tr #1827/
TR (P<0.05) , S HEEHHHRIEAR T 76.31%, 72.66%F1 79.84%, Ci NIE3EK T (P<0.05) , HOGHHEHE N

T 45.82% (E2) .
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Figure 2  Effect of different concentrations of Pb on photosynthesis parameters in T grandis seedlings

2.4 Pb AIBFER LN E R A S EBIR N

T2 ACEF, HEMZNETAY FuFm 5380 T X e
(P<0.05) , MXHHRA) 106.9%, FBHTELL P IRE T,
HERT L B JE ) S REFE A8 B N, i T3 ARFRI
s i Fv/Fm B2 ETRRK (P<0.05) (&13) , K
IR FER) Pb TR AI I F G AR Sz 20
2.5 Pb AIBIFHEMLIE MDA, Pro, H,0, &2
O, FEHE R R R R
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MDA &2 IHHIE FFE (P<0.05) , FEHHHERLETEIIR
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Figure 3  Effect of different concentrations of Pb on fluorescence

parameters in Torreya grandis seedling
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SIAARTEREY 2.10, 1.48 Fl 1.48 £, RHHEGRIRIEER) Pb AR SE T ALYNA . MDA RIEFUS AL ™), &
T EANEN RS AR SR . HYARN IR & B A AN SN SE I E—E R BRI T
TP, T3 ARBRAOHER AN Pro REFUR, RN 2.61 £5 (K4) .

2.6 AEIRE Pb AL RIS HER 4 & i & ALEEE 1R $200
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Figure 4 Effect of different concentrations of Pb on content of MDA, proline, H,O, and O,” production rate in T. grandis seedlings
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Figure 5 Effect of different concentrations of Pb on SOD, CAT and POD activity in T. grandis seedlings
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TG 2 ERE A= SOD, POD, CAT SR{P R ilin A AN ER 2% . Hrp SOD AfEH &4
1k Oy KAEBAL VAR, H,0,, POD Fll CAT NERRAN H,0,, M iiE A S B R S Z ) e T
T2 AbFRMdiH H- SOD, CAT Hl POD JHIHSWHREHE FFE (P<0.05) 5 T3 AFRNIKASRE T =FEHE (P<0.05) ,
SIAETHRAY 1.69, 1.81 F12.49 £, XFHHEEIREMAVER, HEPTE AR R PSS, D0
A H BRI FERBER (B5) .
2.7 Pb SbIER R & MR B R 2

M OTAE Y, T2 ABRAG 2R S NG S50 AL AL AR K, BRI SRR M IRR -2k 4
WRIF, RIZEWEER, BARERAZ . T3 A8 FTHSASZ0E, MBI ETAR, FZEkabelis
fRIHSS, FEHARIEZA K

A-Tl; B-T2; C-T3; Ch-MHZE; OG- IEREKL,
B 6 RERE Pb A 38 AR 4 W ot SRARAB IR L5 M 09 B v

Figure 6 Effect of different concentrations of Pb on ultrastructure of chloroplast in T. grandis seedlings

3 Hwhitw

X R P BB AN RS R T AR A SE P RN BARPERO, TSty AR BUR Pb i
REJ1, HAERASZEURM G, e iK™, (HEiE Po PHaregimiel, e,
ARG VE 2 B Eg i AT 45 SR B, 700 mgkg ' 19 Po LA A FHERIAN 1 604, i Fr (8 Fu/Fm,
Pn, Gs il Tr SR X, FRUEARIKEE P ALENEE 1o 7 IECRERALRLR et T fLEIFFoRA Ci ik
B BT R AR A 0TS T S AR K T BRI P IR BESR R A 1 400 mekg
HERS LT A S TR, RBUMHEMIRN, AR, [R5 Fu/Fm, Pn, Gs il Tr U AR TR,
FINERR I H) Pb AbHH 225 EHERI A i 1 B0 S HICREFLRCR T 1%, PSIL R H O3 T HE , BDEE1E
MZENEPY, R SETYRBUR TR, PRS2 EH0H], SRR Ph & BRI . K
HE A1 BAT A E A

XHEYIG VR PN B BRI D 3R LA P LRR B AR A LIR ) 2 o ACFLBR A 3R 2R LS TR
Pra s e G R TR, ARCALBR N 3R 2R A S RE TR, I SRR B A OB RO
PEERE T R S S BOE AR TR, 7E 1400 mg-kg B Pb LB, Ci BFF, Gs TR, M4 Farquhar
TR A, 1400 mgkg Pb WAALFE TSR IAZE 2055 , HBLDEASAR BERE R, RIS RS T,
RIS S, B P ARG A RE B E R S8 P TR R,
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AR Z R HESEFEEOIS, Hh—Pdie Sk mbraibign st DabtE s EYME 5 e
PRI, ARIRIEH, 7E 1 400 mgkg ! WREER) Pb AP F, M Hrf Pro, MDA Fill H,O, S &L O, A
RIGWER, LIV HER) Po AP S BT EARENG , FRIEAE IR R, IR AR, AR 2
AT RERRIRIR . [N, AHTESZEIMmant, W 2R A 2T b REi0H% SOD, POD Fl CAT 4,
DUFR il P40 B B A R E ) R B IR BEE— R, S5 PR E POl ST Al e A e ) A
A5, SEELEWEREAERT, SATHEAHEL, 1 400 mg-kg ' REFHY) Pb 0BT, MERIZNEH F POD, CAT Hl SOD
SRTAAEEEE P A (18 5) , FEBHICRREE Pb A BARHER AN oA T —E R RENE , (HRRIX
FIEAEEFREE . AFICIER T HERS 2N XS BT — € BTS2 . S T AT T RERERTOPT Pb 5 YLRE T, BT E
— IR B ER B P ACBEGTREAR ) i LR [ SRR AR A sma AT 22
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