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kA4 A T IR HE O R R LK, H A 1992 A EH . 20 RAERILHEHR
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WRMEAE L SR BT . AR, BREME 10 yr 5, BR BARARK T — L S 1 R
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21 fEEAME

TEME 5 P 0 60 ZRIREYIUIN 4 )5, R E LT 4 BRI A A 5250 1)
BRI . 40 A (Tristania conferta R. Br.). £L1if A< (Schima wallichii Choisy) 7542 2 (Vetiveria
zizanioides (L.) Nash)#1 17 53 (Paspalum notatum Persl.). i aTpsF y ARARIY), b2+
TRAERRS, B R B S R A AR 2 R G S P R S B Bl S R R O R
AREY), FEMTUA R K R A, #EAT RS PTER I &N, % M K
TR T R XGRS R G ST 4 Pl £ o 2 R 3 Y R B A
SR PR N S P

TR BT () A 83 5 i U PRV AN R ar s, o SR |4 dbHE g, REiE st
[ R e A R el s RS [ HE R R el (e 77 el A TR AR PR I 1170,
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Table 1 Basically physical and chemical properties of soil samples

et 2 9T AIHL IKAEN %P HA K T Al
Soil substrate pH Organic Hydrolytic  Available  Available K Active Al
matters N P mgkg)  (gkgh
(gkgh)  (mgke™)
(mg'kg)
4 Oil shale waste 3.72 82.2 27.7 4.23 3155 3.85
FRLLIECH ) Lateritic soil 6.32 13.1 57.5 10.7 222 0.81

(CK)

22 RBEEITESHE

K F AR 7 V5T R S8, AEAEma e el iy i el b AT . SEB0 IRk sy
3lem, JEFBNAAEN 30 ecm, 31 emo BRI BE— NI, TR 21378 BH R B B B
o SEHWTE 2 DA ACEL: AbPE 1 Syl USRI A, ACEE 2 STt A K AE pH
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fHILB] 6 I TUA R . 2 AN PR R R0 A 1 20 kg, HorPabs 2 EAE A b i 5k
B 0.1 kg AR KW . 205850 S HAT 2 IRME, & 100 g FHE-FIRIN 0.5 g £k
AMEH pH A 2] 6, JFREMRFF-PHIAEE, Wil 20 kg WAINA K 0.1 kgo 731 1
AN AR LI IR R, RN+ 20 ko RIS AR LA AL L0 AHEL [ 1 M2
EE N, SRR 1R AR A T B, PR A AR B A S
cm. ZEMIRBYE @ K, FREALER 3 M, FEREAR 2 M, PR, WG4
REFE A A B A BRI AR FE— B, BFEMOK 5 1%, P B SANER, Bt 60 7
(3 FhIE x4 Fpfa)=5 NHEL).

2.3 MMAKE T

I T 2004 452 H 29 HAGE, 6 HIRMIE R WM EHAEHES B8, M ks b
R SF 3-4 A1 7840 TT (K18 SATh e BEAT I 52 ™o 25005 2 K003 IR 4 FRTEAR S 5 Bk,
BRI SK 5 A, VHERTICFAME . RIS E i — R LK, LARERZK 5 RT3

HeA B BRI 26 [ Li-cor 24 1) 477 ) Li-6400 {4506 &40 e, Fl 40 s ek i
A AR AL, WE W N bR HOLEHEPn), LFE(Gs), ] CO, #E(Ci),
A HE(Tr). Jad HEFENDEAE HARRGL T, M 7:00-19: 00, FERE 2 h PIE — k. JGH Y
el i, e 73 B (PFD)EEIE 4 0. 204 40, 60 80, 100, 120. 200 500. 800. 1000
1200 1500, 1800 umol-m™s™. ¥4I Er i K- b il £ /EAK 58 R (0-200 umol m™s™) I
HATERAMEH, % LA R W & 120 % (Apparent quantum yield, AQY), 5 x {58 s
S HOGAME2 5 (Light compensation point, LCP)*; DUZEAN [A] 3 I K P s rb HE B 55 v P B
SRR ) (1) e KA f 8% (Maximum net photosynthetic rate, Pmax), #7 Pmax )5, 1
WIS 2 P s 200 5 1Y) P BB, D)7 A I 52 1Y) Pmax B4R A (161
FUEFY) Pn fE, DEHSH) PAR BV A GHELRT 5 (Light saturation point, LSP). 25/ " i R i &
(PAR), AR L (RH) A R EE (T WA A Li-6400 HEATH5E -

24 BHEAEE ST

K H Microsoft Excel 2003 F1 SPSS 11.0 # Akt 4T 5 e b T % 43 #7

3. g Koty
3.1 ‘K/EBEX|SHHZNL
1) FEREFELHL

T A5, e H s SR AE T 13:00-14:00 Zi47, ik 40 CLL b, JeaE RS
(1 ot i 1 5 e v U R R B, £ 13:00-14:00 A2 45 1A 1400 pmol-m™>s™ LA Iy 48 5
TN A S, RIBEEE A RS AR I TR TR e — R AT SR KA R S
15 66.54%; T Ja Ak, 15:00 A K 28.17%, 115 XA BT Tt & .
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Fig. 1 Diurnal changes of environmental factors in the place for potted plants tested
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A CK H e & HAR A I 2B B, (B LT AR AR A A S B W S () 22 5 6 4 it
ALY H I A R RN, 8 Ak B 180 20 G A T P 0 S 355 v A I Ak B () 21 fip A
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Fig. 2 Diurnal courses of net photosynthetic rates in leaves of plants tested

X2 BRI R ARSI S B AR I - (HEhRE 22)

Table 2 The average values (Mean + SD) of gas exchange parameters in leaf of plants tested

[ERZEEES hezt \ . ‘ T EEE
WO RILSRE A KA C% S
LS AR
Species Treatment Pn Gs Tr WUE Correlati
(umol'm?s™)  (mol'm?®s")  (mol'm?>s™) (umol mol™) orrelations
between Pn and Gs
AN N X CK 7.57+2.17 0.05£0.05  1.32+0.96 8.09+5.12 0.47
Tristania AT Oil shale waste 11.1342.03 0.13+0.06  3.43+1.59 4.3042.63 0.45
conferta sy L TR
HEER 6.73£1.40  0.05£0.04 1.55£0.9 10.06+14.74
Waste with limestone 0.64
W CK 8.07+1.95 0.10£0.03  2.44+1.00 4.53+3.46 0.78
AR 48 Ol shale waste 4.08+1.51 0.06+0.02  1.53+0.62 3.3442.43 0.88%*
Schima L AR
wallichii o - fo 6.36+1.82 0.09+0.02  2.31+0.7 3.3442.13
Waste with limestone 0.92%*
FH X CK 8.86+3.46 0.10£0.03  3.09+1.56 3.55+1.78 0.93%%
Vetiveria A7 Oil shale waste 6.62+1.10 0.04£0.02  1.50+0.71 6.77+£1.74 -0.42
Zizanioides ey o
Fé E.'K 4.5242.20 0.06+0.01  2.28+1.16 2.50+1.71
Waste with limestone 0.58
[EE=AL) % CK 8.27+4.32 0.06+0.03  1.92+1.17 5.2543.15 0.95%*
Paspalum A1 Oil shale waste 11.10£2.98 0.07£0.01  2.2840.67 5.16+£1.09 0.10
notatum Iy ey
HEER 12994317 0.0940.03  2.95:1.19 5.0742.04
Waste with limestone 0.68

il B MR M (p<0.01).  Correlation is significant at P = 0.01 level (n = 6).

AREE 1 PRI O ARBINAT K (i T PR, 3 pH (R, LTRSS B m (R
1), MY A RAFAEBR BRI, MU KA B P Y, 6 S ENEAC, mER
BORIZLA A o (HLLRARAEALTE | b e SR M e vy, B AR 1 R it m, H2
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RT3 2, RS EIEBAT 2240 Fioh, MR AKIRhRY, ZRAR
TR A ) AR B A £ i AR AR BT, 3T i 5 i AP (1 A ) o 5
A%, M S EA R IR A R 2 (W R4k, S TE 22 1 BE R R AN E T = A 1 e
o Sierra NP BRI, SRIVAEIM 2R RO b, R e 2, Eoh T3k
MRS m 7, Hotth B i s B IR M & MR, I 4R AT IR s (i R RS
VB SR, XN T ORI AR B2 . ALFT 2 A AR L AR T v, v T £
pH i O b, THBR T IR IE #5 X A A s, E LR S PEAS (0 i 8 & AT R A7 A
U, Mk, 5¥E%WROBCKME, RS R E R ARHE & T K, ERRR
W, FHTZ AR ] A AR AN AR AR AL BE 2 T2 i, LA HIg AL
CK i, MK 2 ATSTHY, LA ARLEAREE 2 AP A3 EHR CK R F% 21.13%, FARE R
T 2530%; BRI 11.13%, 10 =5 R CK A W&, £ 56.98%.
() SRATEAZHRIZEN

DRSS X S A A W R, ST, SR o, <ALt
AT, DR B EARESIAT A AEH . Y AL TR (Gs) H A2 S5 3 Pn HE D)
KR, HEMHAE AR FREY) 5 ANFR R B A 5E 4 — 8. W02 AR 55 Gs 1
WA )L P (VAR R H B, T2 O B4 IL P V(B AR AT, B AR5 5 P EAE
(B 3). Pn {HMEE, DI Gs WilE, WLRARN Gs BMEAAE 1 AL 2 535714 0.06
1 0.09 mol m?s'(F 2), “FHLHXNE Pn WA BEME, LR A 0.88 F
0.92(p<0.01); v HE BRI 7T BB AEARLLIE P (1) Gs BE 5 6 R P A8 0 1 0 2 AH DG (%
2)
(4)  Jamaphek

ALK SN 14 0 7 7 2 B S e T O RIS 300 I8 ) 516 75 5 o ) 52 A A 6] Y i AR 4k,
A B RN AT B T AR A AR S RE R i 5 TN, BRZDBEARAN, LR,
ORI AR AR AR 1CA ) R I E A BE D CRORATIE) SR B 1 R A iR e 5
FEANEE 208 + A R) T HIC A Bt EL CK 1959; Fril AR e, 7EAbFE 1 FAbsE 2
RGN 2k LT ER, I HWRART CK. 20 5 L0A7 ACTE 1 b 5 18 o F) ' w1 i 2%
5 CK MHZEAKRK, HRARARIEE R BB CK s, MM ARKE CK RRE 4).
X —ILG A AT B AT Pmax (& H, Z0MARLE S KA P Pmax 4 6.95 pemolem™ss™,
M HAEARLLIES 1 7.45 pemolem™es™ (6 3)o 10 H., ZL AT P 58 1R G 0 i Bt 4
N EA B3 NS, EL AR A AR I IR W0 AR 1k
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Fig. 3 Diurnal courses of stomatal conductance in leaves of plants tested
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Fig. 4 The light curves responses of plants grown in oil shale waste under different treatment
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R3 PR P N I 5 24 (nemolem-2es-1)

Table 3 Photosynthetic parameters about light response curves of leaves in plant species tested

LEL/I S b WARECOEAE  JGMINA LSP OBAMEA LCP FME TR
Species Treatment Pmax AQY
AN N S CK 372 1500 19.88 0.02

Tristania KPR 1 Treatment 1 7.46 1000 - 0.04
conferta AbFE 2 Treatment 2 3.21 1200 - 0.02
ARGZN I CK 7.45 1200 17.98 0.03
Schima 4bFE 1 Treatment 1 7.51 2000 2.12 0.03
wallichii ;b8 2 Treatment 2 6.95 1000 5.82 0.03
FRE X CK 14.97 1500 0.04
Vetiveria 4L 1 Treatment 1 3.46 1200 15.61 0.02

zizanioides b1 2 Treatment 2 3.10 1500 0.02
[Ep=A Xt CK 15.67 1000 30.39 0.05

Paspalum QbR 1 Treatment 1 8.99 1200 37.06 0.04
notatum 4bFE 2 Treatment 2 10.83 800 21.41 0.05

*ALHE 1. HEE, AP 2. W47 K. Treatment 1: oil shale waste, treatment 2: Waste with limestone

4. VHOAILS
4.1 FEYIKIEEER T R R

AN CE B AR (' R A A, O BB B A/ o AR — PSR 2R 3K
EARY), WRARATE 2~3m, EAR 5m, MERAERE, SHARR R AR], i
AR A K2 B EORCBREIT . I AT A I e A ARG i — A 2R

FYAE A ST A, DA e 32 23], 3222 phaa A7 BRE) TAEm
SALHIES, AT B A1 I 32 21— RE B s s, FLAR N IO AL 7 B 05, X
BB B S0l G5 R R A RO R B il U i P AR 2 A R,
B 8 2 TR O B AN SR IA S, I SR IA S e 2t DI I B AR I A . SRR AN RIS
BRI SR, AEAWET R LI AR B R ILS S e R S
REAE 0 R 7 A7 AE SR AR R AR R« BEURAT WP SURWIE IRV L rh, WL
TR, XA LR AP A, R AR R, e AR
JS. FREEE N, MRS MR, HARRHLEIEAR T2 W T . Akaya &
Takenaka "N, Al MO SERIEEER TR L ma B0 AL B R
W Pra AR A 5 S SUE R E IR o Z BN ) D) RERE G 1T 5 e E 38 23 i 2R R B
RSEHL, SR b BT R R AR R BE 01 B AT LR IR - ZE W i
RERIDLE It DU R AN 5 PR DU PR 6 AR B SN, 3 3 AT 58 22 it 40 A
WoE, XL MR SR, RIOES, MW N 2K, Ca. Mg FES,

4.2 YIRSV R RA T E

IR, AWFFURIL, ARARAEMEIR G CA ) PR, Hga A 8 A 00 IR MR K
SR(IE2), G Y 2l E B R G A e A TR (1815),  IXR BB & e e pra
EEH B M ER] TR, EEY RS AR AR (PR R AR AR S 2 B0 A 2T
U, SATRIFCRY, AE SRR, R IR A COL M b 1 vl fil B DAL A2 Py e A i s
B AR R A T O™ R LR PR AR A, T R A i At 0 ok
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BV, W5 SR M LA 2 LR, PRy R SRR e
BRALREIAEE B 5 A ERU(ROS), KM B A, 1 5 4w AT 3 B i 1 e
OH-. 4 T W Af R PUR LA R H Y ) B SRR, MY AN FE L 2 1) B[] 7€ PR Bk
A8 o R n] AR, 20 RACE 3 ' A5 1 wl BERE e [R] A 7 4 S LA 7 1) TR e
Kt AHIZKIR T Bk 25 IR OR UE ] o

4.3 AKX VH U R B R AR

oI A IR SR (1) T B YRR 2B R AN 5 ) 308 25 AR A A R /N, 3 m] DA
MY CAEARNE . 1 H, MYFSEAT, HO o R IS N R AR 22 7.
W, AR R RHE S Pn {H5 Gs 5XTRIEE BE 2R, MSEad b ra i
F 22 5(Pn Z A P=0.002; Gs Z[Alff] P=0.001)(F 4), R4 KN KI5 S LTIRA Y
KA R TN LA AR, AR SR i R ¥ P 50 A b A AR 2 2
(P=0.010), H: Gs 5 RAI LA & 257 (P = 0.027), T4 KR G H) A 20 f AR,
BRI ZE (R 4).

T T R v P R R Pl JE G R A ) A K e RO, i ELIE R D0 e L b )R R . oo T
WU BB RGO, WS N — S8 R (an A 0) AME RE B2 A iR R P, A — €
FREE FOORG AR, WA B M R . 74h, T IE kR oy ik — 5 B s i A ikt
FIRA I RE ST, DR ERE AT R s R R R, AT B SRR (e A 1 P, JF R Al
P AR, W, BRI TS RS B R, e R I R SR L 2R

Fed VRINAT IR 8 A0 BE 5 /R 20 3R 545 Kb Pt Test s S

Table 4 The analytic results of t-Ttest between the treatment of oil shale waste mixed with limestone and other two
treatments (waste and lateritic soil)

TP Species Qb F Treatment Pn Gs WUE
NN 59 Oil shale waste 0.002 0.001 0.299
Tristania conferta  JR4[4% Lateritic soil 0.167 0.793 0.056
ARCIZN 41 Oil shale waste 0.010 0.007 0.989
Schima wallichii FRZLE Lateritic soil 0.010 0.027 0.052
[EE= # Oil shale waste 0.032 0.016 0.732
Paspalum notatum 7413 Lateritic soil 0.087 0.022 0.870
FHEL A Oil shale waste 0.065 0.045 0.003
Vetiveria FRELHE Lateritic soil 0.024 0.024 <0.001
zizanioides

*P{H. *P values.

4.4 LLREARFEIE N TUE TR K R A Y PR

ML) H 3834 e G I AR E (R 2) MG 37 i el 52 ) s K ifole R (R 3)
FIRL, ZLORRNT 5 (R G R A LA R AR vy, 1o L, 3 MBI LR, 1
R NN SR ONE e el S ER BT SN iy rep i (- ROE -l e AN; o N ety NN | 7 A T SR A
INPRANEEEAN IS S A RSTTHA sk 7/R b I MER e SDE apic g G2 S TEAW; o N BE 8.7 = SO u L N
43.5%, TAH NI AE B (1 7 3 00T AR EE R B T 68.14%; ARl AR I, 20
() A=) i B AN AT WAL, S T BN T 311%, T3 1 355 B T 31.1%7. S g oA
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EFFECTS OF OIL SHALE WASTE AMENDED WITH
LIMESTONE ON PHOTOSYNTHESIS AND RELATED
CTERISTICS OF FOUR PLANT SPECIES

Huang Juan'?, Xia Hanping®, Kong Guohui
1 Institute of Environmental Pollution and Health, School of Environmental and Chemical
Engineering, Shanghai University, Shanghai, China (200072)
2 South China Botanical Garden, the Chinese Academy of Sciences, Guangzhou Guangdong,
China (510650)

Abstract
It is very difficult for plants to grow well in oil shale waste duo to strong acidity, aluminum toxicity,
and other some adverse factors. Limestone is a very good ameliorant to acidic soil, but there has been
poorly documented on efficiency of limestone amending oil shale waste. Four plants species, Tristania
conferta, Schima wallichii, Vetiveria zizanioides and Paspalum notatum, which were all strongly
adaptable to oil shale waste dump, were screened to test their photosynthesis and related characteristics
in leaves when grown in oil shale waste with or without limestone, compared with the control, lateritic
soil. It aimed at investigating the effects of oil shale waste on plants and the benefits of limestone
ameliorating oil shale waste, and finding the best ameliorating measure and plant species for
rehabilitation of oil shale waste. When grown in oil shale waste, four plant species were all suffered
severe stress. And the net photosynthetic rates of S. wallichii, V. zizanioides and P. notatum were
sharply reduced, their photosynthetic potential was weakened, but the net photosynthetic rate of T.
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conferta increased compared with the CK. It showed that T. conferta had an active means to resist the
adverse environment; that is to say, T. conferta enhanced its photosynthesis to compensate the loss
resulted from the severe stress in oil shale waste. So, T. conferta was the first choice when oil shale
waste dumps were restored by use of phytoremediation. In the oil shale waste amended with limestone,
the stresses of four species suffered were greatly mitigated; especially for T. conferta, its net
photosynthetic rate and photosynthetic potential were not very different from its values in CK. It
inferred that limestone was a good choice to meliorate oil shale waste, because limestone could made
the oil shale waste became more suitable to grow for plants, but the plants growth had varied for
different plant species in ameliorative oil shale waste. On the whole, the decreasing order of the
adaptability of four plant species to oil shale waste was: T. conferta > P. notatum > V. zizanioides > S.
wallichii.

Keywords: oil shale waste; diurnal course of photosynthesis; photosynthetic potential; limestone
amelioration; soil acidity
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