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Effects of drought on physiological characteristics of seedlings of four species

grown on rare earth mill tailings at high temperatures

ZHANG Haina, LU Xianghui*, JIN Zhinong, LI Yang, WANG Ruifeng, LI Zongxun, LIU Likun
College of Water and Ecology Engineering, Nanchang Institute of Technology, Nanchang 330099, China

Abstract: Mining rare earth minerals by heap leaching processes imposes substantial threats to the soil in rare earth ore
areas, including the destruction of soil structures and the exposure of the ground surface over large areas, which together
leads to poor soil water retention and severe soil erosion. Consequently, the growth and survival of plants in these areas are
likely to be threatened by soil water deficit, especially during the drought season when air temperatures are frequently very
high. To improve the ecological environments of rare earth mill tailings, effective restoration strategies are urgently needed
of which screening for suitable plants is a critical step for ecological recovery. In this study, four woody plant species
( Liqguidambar formosana, Schima superba, Eucalyptus grandis, and Cinnamomum camphora) that are widely distributed
around rare earth mine tailings were selected and tested for their physiological responses to drought stress at high
temperatures, and the photosynthetic traits, water use efficiency ( WUE) , osmotic regulation substances, and antioxidant
enzymes activities of seedlings were measured. All four species grown under the drought treatment (with soil water content at

2% and air temperature at 40°C ) had significantly lower photosynthetic rates (Pn), stomatal conductance ( Gs), and
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transpiration rates (Tr) than those in the wet treatment (with soil water content at 15% and air temperature at 40°C ) , but
there was a higher WUE for seedlings under the drought condition compared to seedlings in the wet treatment. C. camphora
had the highest WUE regardless of soil water status. Malondialdehyde (MDA in L. formosana and E. grandis, the soluble
sugar, proline (Pro), the soluble protein in S. superba and E. grandis, and the peroxidase activity of all species under the
drought condition were significantly higher than those in wet. The comprehensive evaluation on physiological indexes based
on the subordinate function value method indicated that the sequence for drought resistance of the four plants at high
temperatures was C. camphora, E. grandis, S. superba, and L. formosana. The gray correlation analysis showed that WUE
and soluble sugar had the largest correlation with drought resistance, followed by CAT, Pro and MDA. On the other hand,
soluble protein was least correlated with drought resistance. Overall, C. camphora coped with drought stress at high
temperatures by improving WUE and accumulating soluble sugar and CAT jointly, while E. grandis coped with drought
stress by accumulating soluble sugar and MDA. For the other two species, S. superba responded to drought through the
proline regulation, while L. formosana regulated their soluble proteins in resistance to drought. Therefore, C. camphora

could be a priority for vegetation restoration in rare earth mill tailings.
Key Words:; rare earth mill tailings; drought stress; osmotic regulation; antioxidant enzyme activity
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macrophylla) . M& T ( Gardenia jasminoides) . % & ( Morus alba ) . 4z 4R #€ ( Lonicera japonica )", 5& 48 F
( Paspalum wettsteinii) . §Ai ( Lespedeza bicolor) A s TR E A Y I T S AR K VTR R AR K R R
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1 #MRERFE

1.1 KR

K+ VLY - B E SR LT R b R AESR)ZE 0—20 em M RRD, AT AL MR . AR AR
Pl + 3 b o325, HHER AR 2—0.02 mm JERI & &5 65% 44, )8 TP+, HEH K& 15.02%,
T TE 2.25 ¢/em’ s 13 pH Ky 5.08, )8 FoR R M, TR &K 79.12 dS/m, SE R BEIRHILT 1 (6.9 dS/m) 1)
10 52 Babrh LHEAHLIR AP 2R WS 08 6.29 g/kg 10.85 g/kg 0.20 mg/kg F11.21 g/kg, i#
R R R & B2 91K 13.78 mg/kg F1225.97 mg/kg(F 1),

AR LY/E B S i we o v 7 04 o o =84 i N 2 3 A I o R O - WS L S N L
B SRy WA ARSI B A R AR A AR T

£1 BLER 0—20 cm RELEBELMER
Table 1 Soil physical and chemical property in soil 0—20 cm depth of rare earth backfillings
LR NN

. . >2 mm 1—2 mm 0.5—1 mm 0.25—0.5 mm <0.25 mm
S Particle size
L
o . Fr i Content/% 33.47 20.66 25.92 17.48 2.47
Physical character T AT
Bl 7K A HL
R 15.02£0.15 . TR 2.25+0.06
Field capacity/ % Soil bulk density/(g/cm”)
+ 3 pH 5.08+0.02 LR/ (g/kg) 6.29+0.11
(& ZEN HL S %/ (dS/m) 79.12£7.09 HHUT/ (g/kg) 10.85£0.19
Chemical character Lt/ ( e/kg) 1.21+0.17 R/ ( mg/kg) 13.78+1.84
2R/ (mg/kg) 0.20+0.10 MR/ (mg/kg) 225.97+2.35

1.2 A HE

R TR B TARER Y AR FE M AT, % EE A TR BT, J8 T W G IR0 2 XU, 4R F 1R
M 17—17.7°C , B i fi e IR 40.6°C, B e IR R - 9.7°C , AE [ FR iE 1600—1700 mm , [ 7K H 4 147—157
KAFFZEH 5.6 K AEFIMXHREE N 78.5% , 4 H FRI[A] 1723—1820 h, H MFEN 40% , 4134 K
2.3 m/s, TR 251—272 K, HEEIRW, BN Y H 22 5 T2,

2016 4F 3 A INE A BRI (F29 50 em, TE I8 15 cm) FIFEHLIE (B2 15 em, TGI8 10 cm) Fil
HEFAEA(EAR 29 em, 7 26 cm) W BEFPAEY) 10 25, A5 A2 (B AOREES R 15 em, S8 REMLIE L, 50002
A BT ARRE, AR TR, 4 15 RIBE S T 35C, RAGWIARMEN, 7E0L 0]
PR —2PAEARA AL F A SRR (RIR TR, 59— PR W AR 5 K38/ Dk, L BIAE 2R F0 A /K it
(ERFREM) . ASER BRI T 05K G5 3 Kibfr, R, BRI e 20 i - B
() R HEEK &

B T R R T E K S T AR R O — A AR, € LI-Cor /2 F] i3 1Y LI- 6400 {H#E X064
1, F 9:00—11:00 R kEH LR H DG AR, A5G H0R (Pn) AL T (Gs) ZEBHE(Tr) ,
FEFPALPREE A 3—5 K, RS E] A A SRS 1022.90 wmol photons m™* s I M FI/K I K 22 3.55 kPa,
23S B AV B2 43301 A 40°C 1 50% 224

A DI E R SRAERE AR P et R TR A Y U ] 52 38 % IR IR - 80°C R A7, FI TAE W 5 15
P AN R AL BTG PRI 2 PRI S 2 AR SR T i, AR R (Chl) A SR AL T
TEE(MDA) F i R B B TR 5 T B R B B R, U B I R ( Pro ) SR FH SL K R 1
AEME A SRR S ST G-250 12 i A ALY ARG (SOD) 1P R F NBT (ZUHE MU ) S IA Ji ik 5 1o 4
LI (POD) W& R FH A B A B2 | 3 S8 A0 S0 ( CAT) 16 PR L TR A v
1.3 Hdsab s

SR HH SPSS16.0 #R A4 X B 2547 N [) A B3 1 PR PR 28 25 70 BT (ANOVA) |, Duncan 7 5 1) 22 A6 56 7F PR S
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FRAER b 22 (] (4 22 S5 38 | 0 K E S ao=0.05 ; BOMI S Jm pR 5 S 374 4 M b s e T 5 i BE 7,
SF JiE bR B R 1 DU R B AR 5 IR (ST A A PR bR S PR S eR B (B A S B S R R R )
FRIZIER SPUR S R R

KA Origin 8.0 #XAFHEATE R A FEFN 2 5]
2 HBREHW
2.1 BHOKRGL

il TR AT RS KEN 1.13—2.13% , sl F K55 N 13.57—19.61% , H ISk B &5 T
EiR TR, SRR R UL, T 5240 TR i A - 38 5K B 3 TR, KRS T LA KR
4 FEYIZ TR EZER(K2) .,

R2 ATEYIESKEER

Table 2 Soil water content of four plants

+ 37K 53 Z1F Soil water condition

WA L. formosana

AKfar S. superba

M C. camphora

W E. grandis

RS HT drought/ %
FIRFEK HT wet/ %

2.04+0.43ab
15.89+2.06a

1.13+0.07b
18.82+2.22a

2.13+0.32a
13.57+2.56a

1.99+0.16ab
19.61+2.12a

[R]—Ah BE T AR A B] 22 57 B3 AN [E 78R, P<0.05; HT: High temperatures
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Fig.1 Photosynthetic characteristics of four plants under drought and wet conditions at high temperatures

AR IR 28 5 NG PR R KSR T RS T REROR . AR TRERIR 2253 .35 (P<0.05)

PR T

2.3 ML Chl il MDA & &

AN R T R R K A Chl & i s, RS T AR AR IR e A1 T R A 3R
W A FARAR Y Chl & 3 A2 K 55 3 R A, e R far Y Chl 25 12 BRI R B2 V51 38 66.829% , 1t /5y T oAt =
FRAEY) (3£ 3) ,fH Chl % i o 2R TR SHR, BEBR ST Chl & 32 T 2 Wi s e K, X MDA >k
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i, e R RS SRR B i m , ARy R U 2 I e IG5 o T2 P38 S AR A ) MDA 5 & 3
FEm TS, 4300 49.14% F1 22.07% , A faf HIEERT B9 MDA 25 5 78 PR Fh K 24 3R 22 [6) /) A28 4k 0 B 43-5)
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B2 SETENSEFKEHTIHEVHHERENA_BSE
Fig.2 Chl and MDA of four plants under drought and wet conditions at high temperatures
[ AR AN TR K 7 22 ) 22 55 b 25 AN [ 5B 327 (P<0.05)

*3 BETREEGTIMEYESEEERBRRREFEKEGHNTLIEE
Table 3 Variation range of each index of four plants under drought and wet conditions at high temperatures
HBAEHRALALIRE Variation range of each index/%
MR R N AR MiErE RS AR JREAYEE JdELERE

MR

Plant species

Chl MDA Solute sugar Proline  Solute protein Bk SOD POD CAT
WA L. formosana 9.87 49.14 471 10.23 32.76 1.29 256.98 52.74
KA S. superba 66.82 3.47 26.45 97.09 158.93 1113.44 241.34 840.75
Fitf C. camphora 32.36 2.68 4.93 28.91 18.83 31.52 580.20 117.59
Fet E. gandis 5.28 22.07 44.67 179.21 25.10 18.95 216.95 59.61

Chl; chlorophyll ; MDA ; Malondialdehyde ; SOD ; Superroxide diamutase ; POD : Peroxidase ; CAT ; Catalase

2.4 KEWIHTET R A Y Y

R T RARAER 4 FAEY) 0035 5 V8T 5 A B K S A S R AR B 1 T v, v Ay ARG AR 114 7T 3%
PR Pro AT IR E 8 (& i 08 i TR K& IR AR A9 3 Bl o & e 2K 5 T R4 2 i) 6 8 3%
25t TR AT R Pro FIATVEPEEE & B /KA1 R AR AR B2 43 318 97.09% Fil 158.93%
FER Y Pro & i ARAGIR BE e K, R 179.21% , WK 2, 44.67% , WTIEHE R FTERAR, 4 25.10% (35 3) 50
B MR AE T 52 K S T B3 1 0 5 S 1 AR AR IR B2 40 591K 4.71—32.76% F11 4.93—28.91%, W] W,
re T R 8 T A A ARG (1432 15 R 1 R T T ARE R (1 3)
2.5 FEYNT R PR AR

el TR R AT AR AR ) SOD TGRS K S F B T AR A I KU 1113.44% 31.52%
1 18.95% , A1 SOD TEMEFE F /AR T AL B 2 [0] J6 1 35 25 57 4 MR 7E T 52 25044 F 1% POD 16 PE 3%
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E3 SETENREFKFET4HENNSERTYR
Fig.3 Osmotic adjustment solutes of four plants under drought and wet conditions at high temperatures

A Z A R R ) 22 53 2. 35 AR [ 5801 (P<0.05)

F AR GEA, PR T = iR B R K, 8 580.20% , AR FIUR TR 22, 43 318 256.98% Fil 241.34% , Keh AR L i
FER/IN, H 216.95% ; T 50T 4 FAEYIE) CAT 3RS F K R0 B T &, Hodh AR 75 840.75% , I 7
R R Z R 117.59% TR CAT 2510 B2 JC 35 22 5%, 70 il 52.74%F1 59.61% , AT UL T 3
LIt POD H1 CAT e X T 5 haf , FoAth 3 Fioei Wi 1k 3 e S0 A s 1 1 1 ) 4 FH ok g X v ek 1 572 Joly
H(E4),

Fig.4 Antioxidant enzyme activity of four plants under drought and wet conditions at high temperatures
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FEHIFh Plant species
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2.6 THYLEBUR LA TN
2.6.1 HBUISRIE R BT

i I S PR A R T R R 4 R 0 9 NPT R IR AR IEATEE AV, AT 4 R AR |
Agap R R B 3 R R A 2 54 0.221,0.529 ,0.696 1 0.563 , Hibp 5k S~ # 4 > ke b > A fip > 07
(%4),

*4 BIEWEERTELGTIMAREYHREEZEEITENR
Table 4 Comprehensive evaluation on drought resistance of four plants under high temperature and drought condition in rare earth

mine tailings

FEYIFIZE Plant species

PR AR AR
Drought resistance index L AT AR ¥y
L. formosana S. superba C.Camphora E. grandis

K53 R % WUE 0.000 0.138 1.000 0.568
42 Chl 0.000 1.000 0.591 0.629
Al MR Soluble sugar 0.021 0.000 0.819 1.000
JHER Pro 0.216 1.000 0.126 0.000
] FEA% R 115 Soluble protein 0.778 1.000 0.924 0.000
9 % MDA 0.000 0.341 0.801 1.000
ALY LR SOD 0.533 0.489 0.000 1.000
i ALY POD 0.000 0.792 1.000 0.091
i AL A G CAT 0.438 0.000 1.000 0.775
SR JE PREI(E Membership function mean 0.221 0.529 0.696 0.563
P2 HHE Drought resistance sort 4 3 1 2

WUE : Water use efficiency ; Chl; Chlorophyll ; Pro; Proline ; MDA : Malondialdehyte ; SOD : Superoxide dismutase ; POD ; Peroxidase ; CAT'; Catlase

2.6.2 RIS

XS BRI S YU R RBGHEAT K AOCH T, R R R Z A8 s SRR SR & Y], £ 5
SR, KB R /N WUES A 4 >CAT>Pro>MDA>SOD>Chl>POD > Al IEYEE H , £ WUE S5$i 50k B
R, HUCH T PEREFL CAT 254545, T SOD . POD  Chl Dk K A v 1 85 11 %3 4 ke 190 4 v 00 470 S5k 5 i)
BN,

x5 HRERERHREXEKSR

Table 5 Grey relation analyses on drought resistance indexes

JIK ZR B Correlation coefficient SR SBEF
1645 Index W KT HEh ekt Correlation Correlation
L. ormosana S. superba C.Camphora E. grandis degree order
KA FIHRCE WUE 0.756 0.646 0.826 1 0.807 1
48 % Chl 0.336 0.536 0.572 0.748 0.548 7
AT PR Soluble sugar 0.867 0.729 0.736 0.632 0.741 2
i %/ Pro 0.715 0.581 0.839 0.659 0.699 4
AL T Protein 0.552 0.511 0.495 0.573 0.533 9
% MDA 0.591 0.911 0.423 0.563 0.622 5
B ALY AL SOD 0.459 0.863 0.383 0.627 0.583 6
i A ALY POD 0.373 0.645 0.408 0.756 0.545 8
i AL CAT 0.552 0.499 0.964 0.875 0.723 3

WUE ; Water use efficiency ; Chl; Chlorophyll ; Pro; Proline ; MDA : Malondialdehyte ; SOD ; Superoxide dismutase ; POD ; Peroxidase ; CAT ; Catlase

A 3 S S pRESORD B8 S A3 BT P T AR A ] MR B R T R B S PR, R fTFE Pro BB TH Y
YER FRELGT R R it WUE AT AT CAT A4 S [ 48 FH fe i Xt i 5 T 52, e ) DU) s 2k ml s i A
MDA fe i i+ 5 i
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1L 77 A B K B — A B IR S0, PN 6 R b R AR K BE O 22, IR I BT s A 4 R B A
JRUATRE SR BT R, JE AR 5 IX 0 2 P e R 52300, X 5 s A 0 1 O o B L b B | T RS AR A VR
ER YT A B X, ASCHE T s T2 &0 T 4 FiY & A3 WUE, K3 T2
Jiria FRIYIE Pn Gs Al Tr SLEAR T FK S0, T WUE 25 T K &0, S0 IR T 546 1 4 Ry
FeEEH , FE I WUE SRROGHS - R0 miR 5 aa , Hrp e 76 2 Wa ™ 2 il WUE ;1 B
FIK A TR P Gs A1 Tr FEHAY 3 FAIIEMIK, WUE ot , U6 IH M i 32K 200 T b SR Fi A~y
27 38 N PREE IR AE T 508 AR BRI PR A7 4 2 WUE FIAEAERE T, 3X AT e Sy i - 2540 vh s g
ARG TR AR & AT G0 AT Bh TR A A B po bk | X 5 T AE AR & PR IR M 5 3 i K B4R, VR 40 M 50
2 T FE 45 A —F

FE ) 57 e i A B A Al R mT LS BIAR 40 1 o X ATL ), 38 2ok 7 A R | o] Vs AT o] i B
20838 AT W I T e R A PN A8 B Al 2 e T R e R i 1 N, A TR R, TR
AEHE T FIRR LT A B T DA SRR 2R 8 ATV PR B 24 8 T IR R K A 2 R Y B SR T Sl T R R A R
SCTRE AT BB 7 VR O I R B B TS0 TR SCTRE SR &)y B R ) AT A R AT AR A
Tt o G 56 T ST S G A B X K 43 ikt i g B ST AR B — B Y AR L - B R
FRRE R 4 R 00 TV P I 2R AN AT VM AR S A R AR B 4R, 5 A A g Al R —
B, Afg R 3 RS BT (T YERE  Pro RITTIAEMER () & W m T AR A, AR v Y
BRI R AE P RR A P 2 1) T B 35 25 S U AR A FIAS AR 32 T 5 38 A5 e K, 43 il Pro AT A
WE 538 V8 T A FR SRR A | v /D R T S AR 0 R SR, TR A A e T T SR s R IR AR B
HEAEFFIE B BB IR RE ), I 1) 2288 B 1 W T vl AR 1 S AR P R G M N PR S

TR R 25 LR AR N IS PE AR R S80S R ST REEE PR R 5 417 5 | Ak ™ Y AR
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B4t AR A R T R, SR Bl T AR A A B ARV P v, AR DR A, S BB AR R A Ao 7T 388 o B 4
AT T A A R 5 R AR AP B S5 4, At 1 8 A AR

RIS BN R R AP SR T RN T 4 FORIAE WUE 8 5 VR A A BT SRS M S5 T 2 B B
WL, IRESCEAT TS RIS B KN A WUES AT % PE B> CAT>Pro>MDA >SOD>Chl>POD > 1] %
P, 0T UL WUE Al Mobi e A P e 0 2 238, X S5 BEER 4 lmFe 4s - — 5, B S
T T S X A ) e /K e R A R T K T R A 0 e LA AT 43 ) DK 43 O R R e ] £ 1 T i
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