FEIVEUR SIFEEER, 2024, 33(6) ; 44-55

Journal of Plant Resources and Environment

T BT B AN EH IR S I R S E A Yk

MELE', HAR, HEE"Y, 2RR, BEX, HRE, AL

(1. Hf gl R8RS 2ABe , B 220 7300705 2. o EBL2EBe E L AR SRS B, Bl 22 M 730000)

WE: WRRTREXAKRED IWEF M ESEE T B8 - -G (RBI 2: 10 1) -t -EH M0k
F2:1:1) -+ (KR 2: 1) LAY ERFIE 9 ¢ 1)4 Fh - HERL R M A7 2550858 )L ( Caragana korshinskii
Kom.) 245 = 2% ( Corethrodendron scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner) . WU S [ Atriplex canescens
(Pursh) Nutt.) , ¥ 3 % ( Calligonum mongolicum Turcz.) . 5 W 3 ( Caryopteris mongholica Bunge) . I %l ( Nitraria
tangutorum Bobrov) JEFEEEMN ( Tamarix laxa Willd.)7 M E Ry, 6+ BEFR AL B A W A K8 s G A
ERR DAV IAT IR, IR E WG Wit e e AR AR B A, R BUR R R 3R 5y i, b - - A HLIE
1) pH B A LT & = AV R0 wine s, AU R S oK & | L SO &R e s 10 - LA LIS b 3 iR
BEHH A AR AR A Ry b~ b 52 5 A v DO 3L 2 A ok v AR T 1T AR O 5 AT HLAE o S se e it 1y 9
JCHME i B i RGN SRR IO G A R AL, 0 - LA DU i U SR i i #6533 AR 20 K R 4
Flp KOG P B R | 13 (P<0.05) /8 T HoAt - SERE 5T 5 3 n 40 43 7 07 226 1 Ay e H SRR B b - - - ALK .
ANFEMEE Y J5 18, FAERIARPR L3500 pH AE AP & i B S SR S0 B , A A S LAR B 1 8
4 FEL 3 3R S B 2 e v 5 DU SELVEE R (94 A T AR A A R ) 2 e T LA 5 VD S B S R IR R
AMEE MR KOG B B AR [ 2 v T AR, PR R B W RO R R T AR Y Ay ARG L
F RGN B e LS B 7 e R UL H, A AR A 3 v T AR ), DU SRR A R R RO B
MG A HRTEA F 2w T HAAEY) , AAE S8 e (Y 28 18 BRI ) CO, Ve BRI | 28 T HoAAd )
JREREI T R AL T B S T AR, S R R AR A A K R BORE A | T AR 5 U
GBI L 1) e RAG S AR A S REARMN . £5 G A0 TR i FERD— 1 G AUIE th A S AR I T X T T B X A K A
TR AT A BUESBE

KR TR, a)ai il A58, ISR, BEHY

RESHES: 0945.79; 0948.113; X53 NEERERD: A XEHRS: 1674-7895(2024)06-0044-12
DOI; 10.3969/].issn.1674-7895.2024.06.05

Soil amelioration and restorative plant optimization for wasteland of limestone mine sites in arid
region of Ningxia GUO Yuanshang', HE Mingzhu’, HAN Guojun"", GONG Chenchen', HOU
Guowen', YANG Xiaobing', ZANG Longfei' (1. College of Resources and Environment, Gansu
Agricultural University, Lanzhou 730070, China; 2. Northwest Institute of Eco-Environment and
Resources, Chinese Academy of Sciences, Lanzhou 730000, China), J. Plant Resour. & Environ.,
2024, 33(6) : 44-55

Abstract; To explore ecological restoration methods for wasteland of limestone mine sites in arid region,
four soil substrates viz. sand-soil-organic fertilizer ( volume ratio of 2 : 1 : 1), sand-soil-compound
fertilizer ( volume ratio of 2 : 1 : 1), sand-soil ( volume ratio of 2 : 1), and soil-organic fertilizer
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(volume ratio of 9 : 1) and seven restorative plants viz. Caragana korshinskii Kom., Corethrodendron

scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner, Atriplex canescens ( Pursh) Nutt., Calligonum

mongolicum Turcz., Caryopteris mongholica Bunge, Nitraria tangutorum Bobrov, and Tamarix laxa

Willd. were established. The soil physicochemical properties and plant growth indexes, leaf

photosynthesis and chlorophyll fluorescence indexes were compared. Moreover, principal component

analysis was employed to screen the optimal ecological restoration model. The results indicate that, among

different soil substrates, the sand-soil-organic fertilizer exhibits the highest pH value, organic matter
content, and available phosphorus content, and the soil-organic fertilizer exhibits the highest water
content, electric conductivity, and available potassium content; the monthly relative growth rate of new
shoots of A. canescens is the highest in the sand-soil-organic fertilizer, while the height and canopy area of
A. canescens are the highest in the sand-soil-compound fertilizer; the light compensation point is the
highest, while the light saturation point and maximum photosynthetic rate are the lowest of A. canescens
leaves in the soil-organic fertilizer; the net photosynthetic rate, non-photochemical quenching coefficient
and maximum light quantum yield of A. canescens leaves in the sand-soil-organic fertilizer are significantly
(P<0.05) higher than those in the other soil substrates; the principal component analysis result indicates
that the sand-soil-organic fertilizer is the optimal soil substrate. Among different restorative plants, the pH
value, organic matter content, alkali-hydrolyzable nitrogen content, and available phosphorus content are

the highest in the rhizosphere soil of T. laxa, and the electric conductivity and available potassium

content are the highest in the rhizosphere soil of C. korshinskii; the monthly relative growth rate of new

shoots of A. canescens is significantly higher than that of the other plants; the dark respiration rate, light

compensation point, and maximum light quantum yield of C. mongolicum leaves are significantly higher

than those of the other plants in general, and the apparent quantum efficiency of N. tangutorum leaves is

significantly higher than that of the other plants; C. korshinskii leaves have the highest light saturation

point, and their actual light quantum yield and apparent electron transport rate are significantly higher

than those of the other plants in general; the maximum photosynthetic rate and net photosynthetic rate of
A. canescens leaves are significantly higher than those of the other plants in general ; the transpiration rate
and intercellular CO, concentration of C. scoparium leaves are significantly higher than those of the other
plants in general, the stomatal conductance of T. laxa leaves is significantly higher than that of the other
plants, and the non-photochemical quenching coefficient of C. mongholica leaves is significantly higher
than that of the other plants in general; the principal component analysis indicates that T. laxa is the
optimal restorative plant. A comprehensive analysis suggests that planting 7. laxa in sand-soil-organic
fertilizer can effectively facilitate ecological restoration of wasteland of limestone mine sites in arid region

of Ningxia.
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Fig. 1 Physicochemical properties of different soil substrates
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Fig. 2 Growth status of Atriplex canescens (Pursh) Nutt. in different soil substrates

2.1.3  RF EHE R b eg g Aot 6 RS AR RIS 1 2 90 iPe ke sy == ¥ L S e SV I W g L A )
2.1.3.1  HOEEEACR N 2R E S AR L UM AR TS 2 R R
SR T P USRI AR I I R 0 G I T 2 A8 Hb- AL, bt -2 A A U3 R Ot

FEHEAR T, EOb & RIS AR S 1 600 SR T 8.24%, S5+-AHAEH L, -+ -F
pmol « m™ + s AP IR B RAE, XEOLAHREm  HUEFES - -E G RE T R G RME S BB T
N MR FIE S BT 0 a5 R 1, R ER.  27.30% M32.14% , fie KNG A F 50 51T T49.73%
4 1 HEIE T v DU B R O B (WG IR GE SRR R 1 33.37%.,

B PHCRMGT, t-APUEFM A ROeME S B 2.1.3.2 SESHESH SR (E£2) R4 Fh g
ET A3 PR, iR SO A ER R E MR TS P UEERET R EBER AR E LR,

F1 AELEERPNEREM RS &5 R RN 5 # &4 ESEH ( XSE) Y
Table 1 Characteristic parameters of light response curve of net photosynthetic rate of Atriplex canescens (Pursh) Nutt. leaves in different soil
substrates (X+SE) !

S 1 15 ok 2% WA TROR/ JeAME SR/ Jet AL/ RIOLHEAR/

o IR IR o 5/ -1 -2, -l -2, -l -2, -l
e ( lem?-s) (‘pmol + pmol ™) (pmol + m™ - s71) (pmol + m™ +s7") (pmol * m™ +s7)
Soil substrate Pzol * m - v S Apparent quantum Light compensation Light saturation Maximum photosynthetic

Dark respiration rate o . .
efficiency point point rate
S1 4.976+0.255a 0.032+0.006a 144.497+3.071b 1 655.578+18.263a 21.970+0.854a
S2 4.290+0.785a 0.026+0.003a 134.874+6.042b 1 569.947+38.751b 19.569+1.469a
S3 4.145+0.164a 0.025+0.003a 145.280+12.262b 1 710.947+21.483a 21.426+1.672a
S4 4.640+0.044a 0.030+0.005a 198.752+6.210a 1 463.193+65.637b 14.673+1.237b

Dsy, @—i—ﬁmﬂﬁ(@tﬁ% [t 2 : 1 : 1) Sand-soil-organic fertilizer ( volume ratio of 2 : 1 : 1); S2; E’/I‘—j:—g/ﬁﬂﬂ(fzkiﬂ 2 :1: 1) Sand-soil-
compound fertilizer ( volume ratio of 2 : 1 : 1); S3. E’/I\—j:(ﬁilﬂ [ 2 @ 1) Sand-soil ( volume ratio of 2 : 1); S4: + A HLAL( RFRLE 9 - 1) Soil-
organic fertilizer (volume ratio of 9 : 1). [RZHAR[E/NG FHE R /R FEAN [R) 4 e L 5 (7] 2% 57 1 3 ( P<0.05) Different lowercases in the same column

indicate the significant differences ( P<0.05) between different soil substrates.
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Table 2 Gas exchange parameters of Atriplex canescens (Pursh) Nutt. leaves in different soil substrates (X+SE) !

a2 90

Soil substrate

ZEREHR/ (mmol - m™2 - s71)

Transpiration rate

SILFE/ (mmol + m™?

Stomatal conductance

. s’l) HOlE R/ ( pmol - m~2

. S’l) Jif ] co, ﬁzfg/(umol . mol’l)

Net photosynthetic rate Intercellular CO, concentration

S1 3.14+0.24a 0.031+0.002¢
52 3.70+0.09a 0.049+0.003ab
S3 3.22+0.16a 0.056+0.002a
S4 3.10+0.28a 0.047+0.003b

18.51+1.64a 289.22+11.77a
14.63+0.35bc 303.65+6.29a
14.94+0.17b 215.57+8.18b
11.94+0.48¢ 309.86+5.03a

DSl ib-+-AHUME(RFE 2 : 1 ¢ 1) Sand-soil-organic fertilizer (volume ratio of 2 : 1 : 1); S2; Wr-+ -2 AN (HE 2 : 1 : 1) Sand-soil-
compound fertilizer (volume ratio of 2 : 1 : 1) ; S3; #—+ (FRFLLL 2 : 1) Sand-soil (volume ratio of 2 : 1); S4: A HLIE(HFLLL 9 : 1) Soil-
organic fertilizer (volume ratio of 9 @ 1). [RIZI HPAN[R/NG FZHE R R 7E AN [R] - 3EHL i [7] 25 5% 12 3 ( P<0.05) Different lowercases in the same column

indicate the significant differences ( P<0.05) between different soil substrates.
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Table 3 Chlorophyll fluorescence parameters of Atriplex canescens (Pursh) Nutt. leaves in different soil substrates (X+SE)!

T HOER EHUSIN S FWH T AR 2 DTN K R B RO RT "
- Actual light Apparent electron Photochemical Non-photochemical Maximum light

Soil substrate

quantum yield transport rate quenching coefficient quenching coefficient quantum yield

S1 0.696+0.007a 12.860+0.213a 0.950£0.006a 0.317+0.008a 0.716+0.006a
52 0.666+0.005a 12.310+0.164a 0.967+0.002a 0.214+0.006b 0.647+0.005b
53 0.676+0.009a 12.506+0.214a 0.954+0.005a 0.236+0.007b 0.699+0.004a
S4 0.672+0.009a 12.609+0.332a 0.941+0.001a 0.211+0.009b 0.612+0.006¢

Us1, -+ -AHIEEFREE 2 : 1 : 1) Sand-soil-organic fertilizer ( volume ratio of 2 : 1 : 1); S2; -+ -EH5E(EEE2: 1 1) Sand-soil-
compound fertilizer (volume ratio of 2 : 1 : 1) ; S3; Fb—4 (AFILL 2 ¢ 1) Sand-soil (volume ratio of 2 : 1) S4: L -FHHIC(AFILL 9 : 1) Soil-
organic fertilizer (volume ratio of 9 @ 1). [AIFHR[E/NG F1: R R FE AN R] 1 3EHL T [H] 22 5 1.3 ( P<0.05) Different lowercases in the same column

indicate the significant differences ( P<0.05) between different soil substrates.
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Table 4 Principal component analysis of evaluation indexes for soil substrates

By BIEFR A ERE ] D Eigenvector of each index")
Principal
component wC pH EC oM AN AP AK R h A Tr Gs
1 -0.298 0.510 0.443 0.941 -0.548 0.959 -0.135 0.926 -0.478 -0.366 -0.723 -0.721
2 -0.850 0.858 -0.896 -0.332 0.381 0.009 -0.991 0.183 0.876 0.912 0.684 -0.355
EWIr BAGHRAFE MY Eigenvector of each index! HHE(E TR/ % Ei e
Principal Ei al Contribution ~ Cumulative contribution
component Pn Gi Y(I) ETR qP NPQ F/F, 1genvatue rate rate
1 0.705 -0.123 0.932 0.968 -0.521 0.933 0.665 8.832 46.483 46.483
2 0.701 0.014 0.352 -0.180 0.853 0.360 0.550 7.532 39.645 86.128

DWC, + K Soil water content; pH: 13 pH {H Soil pH value; EC: +3EH1L 5% Soil electric conductivity; OM; +3EAHLET 7 Soil organic
matter content; AN . 3RS % & it Soil alkali-hydrolyzable nitrogen content; AP 134 %08 % i Soil available phosphorus content; AK; 3
B8 2 Soil available potassium content; R HrZEA% H X} 1 % Monthly relative growth rate of new shoots; h: ¥/ Height; A B e i £
Canopy area; Tr: 7% i i R Transpiration rate; Gs: SALFBE Stomatal conductance; Pn: oA 3 # Net photosynthetic rate; Ci; T[] CO, e
Intercellular CO, concentration; Y( . SEBRG R o Actual light quantum yield; ETR LR, A5 3 R Apparent electron transport rate; gP;
AL HE K Z AL Photochemical quenching coefficient; NPQ: BG4 K Z 4L Non-photochemical quenching coefficient; F./F, : fx Kt ¥~

# Maximum light quantum yield.

x5 TRTBEERNEESITMN

Table 5 Comprehensive evaluation of different soil substrates

E it

R: £ 97 o LAy He4
Soil Score of principal component Comprehensive e
substrate! 1 2 score 8
S1 3.999 0 0.943 3 2.592'5 1
S2 1.316 3 0.903 1 1.126 1 3
S3 1.048 4 0.5219 0.806 1 4
S4 0.919 8 3.2517 1.993 2 2

DS1, wh-+ -F WL ( B2 :1:1 ) Sand-soil-organic fertilizer
(volume ratio of 2 : 1: 1); S2; ib-+-E &AM (AL 2:1:1)
Sand-soil-compound fertilizer ( volume ratio of 2 : 1 : 1); S3; -+
(MSBQHZ 2 : 1) Sand-soil (volume ratio of 2 : 1); S4; + - HLAL
(MRFILL 9 & 1) Soil-organic fertilizer ( volume ratio of 9 & 1).

%, H 5 HAWARY) 22 5 10 355 F S5 B0 XS JLAR Br 1 8 r
SR, H S5 HADAE Y 2= 5 0 3 0 FEARMIAR Fr £
SRR BT B B A A RO R R
B A AR B - RO AL 1 25 S N 03 s A AR Y
JUFNA AR AR PR 1 0 & i i 28 T 05 5
L7/

222 REMG A A AM AR AR FE 2
(B 4) Som .7 FR& 2R 8T A= A 7 AR AR K
B H O ERL YRR AT AR R AR A
Fhem , H S HAE Y AR B2 2257 P4

8 8.8 15 ~ =36
Q a PR a op 2
E6F a a 2 = 86 a 85 T3
2 b be be s 212 R 2.7
S ¢ 3 2 2 be =2
o4 S 84rbe pe . b £8 od i
Y = c F2ooff | 4 d ESs
E2 T 82 I_-_.-_l E = |-"=| ﬂ =5
o &5
[ L WE U R I S TR S WE S FE S 1] oL Tl N I S . ool L LLLL LL LL L (@] 09
P1 P2 P3 P4 PS5 P6 P7 P1 P2 P3 P4 P5 P6 P7 P1 P2 P3 P4 PS5 P6 P7 P1 P2 P3 P4 P5 P6 P7
B2 MY Restorative plant BEHY) Restorative plant fEE MY Restorative plant BEHY) Restorative plant
L‘;) o 12 a %:D ] 13 T %‘-’\" g %0
i = a a
B S5 |a 2 a ne: ab g abe B b p
P=c 8 a % & 10 abe be & . 100 b b
EEs EEE, £25 ¢
HE 5 w55 v E
diil @4 Mg 25 g S 50
HEE £ g3
-3 Bz ®Z
ﬂg 0 1 1 1 1 1 1 J ‘EE 0 1 1 1 1 1 1 I ":Eﬂ 0 1 1 1 1 1 1 J

Pl P2 P3 P4 P5 P6 P7
BEHH  Restorative plant

Pl P2 P3 P4 P5 P6 P7
BEEHH  Restorative plant

Pl P2 P3 P4 P5 P6 P7
BE M  Restorative plant

P1: #5483 )L Caragana korshinskii Kom.; P2 4K E5% Corethrodendron scoparium (Fisch. et C. A. Mey.) Fisch. et Basiner; P3: DUZLIEZE Arriplex
canescens (Pursh) Nutt.; P4. Y4353 Calligonum mongolicum Turcz.; P5: 52153 Caryopteris mongholica Bunge; P6:. ¥ Nitraria tangutorum Bobrov;
P7. JEHARM Tamarix laxa Willd. [Rl—F T8 B H A [ /NG 26 35 7 76 A [6) M 9 18] 22 57 1. 3% ( P<0.05) Different lowercases in the same histogram

indicate the significant differences ( P<0.05) between different plants.

E3 FEEEEMRELEELER

Fig. 3 Physicochemical properties of rhizosphere soil of different restorative plants
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Pl P2 P3 P4 P5 P6 P7

1BE Y Restorative plant

Pl. %7 % %% X JL Caragana korshinskii Kom.; P2. i ¥ ¥ 4k
Corethrodendron scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner; P3;
VUSE E2E Atriplex canescens ( Pursh) Nutt.; P4, V043 % Calligonum
mongolicum Turcz. ; PS5 ELuTy Caryopteris mongholica Bunge ; P6: A
Nitraria tangutorum Bobrov; P7: JGFEAEN] Tamarix laxa Willd. /N JA] /N
By R LR R R AE 9 8] 22 5 8. 3% (P <0.05) Different lowercases
indicate the significant differences ( P<0.05) between different plants.

B4 TEESEWHIHESRABMNERKESE(R)
Fig. 4 Monthly relative growth rate of new shoots ( R) of different
restorative plants

*®6 AEEEEMA %A ERIKNR #hEHHESE( X£SE) Y

RO A KR R AR

2.2.3 REMEEHEMet oGRS
2.2.3.1 LA R Em N MARMES . 45

(3 6) TR VD4 1 B I W3 3R R 2 o5
FEE T 6 MY s RN B B2 T ROR B3
T 6 FhHEY) ; AR S RN SE T TE T (BRI
FACT 9 5 AR s A 2R XS LR B T BE i 1 ) e
KAEHR T 5 5 Fa .

2232 AR SE AR T) B PP
FURI R (2% 1 SR R ] CO, W B e 1A I i 251K
T3 5 Pk AR B SALRE R E S T
6 FIAED) ; ¥y 254009 J LA DU BB I - (86 G il %
BEET 55 FEY .,

224 FRRAMGEHMO TR ERELAS R (E
8) 7N A7 A HR XS LI (8 SEBR i 7= i AR

Table 6 Characteristic parameters of light response curve of net photosynthetic rate of different restorative plant leaves (X+SE)"

o 1 2R RMAETHOR/ JeAME R/ Jet A s/ RIOLEHR/

P ke A/ -1 - -1 -2, -1 -2, -1
THY) ( lom2-s) (‘pmol + pmol ™) (pmol * m™ +s7) (pmol + m™ - s7") (pmol *+ m™ +s7)
Plant pumot m - 8 Apparent quantum Light compensation Light saturation Maximum photosynthetic

Dark respiration rate . . .
efficiency point point rate

P1 1.262+0.342d 0.022+0.001b 43.308+3.516e 1 813.387+94.478a 20.557+1.235a
P2 5.126+0.231c 0.025+0.001b 211.734£20.586b 1 211.017+52.180b 5.095+0.543d
P3 4.976+0.254¢ 0.032+0.003b 144.497+3.071c 1 655.578+10.824a 21.970+0.854a
P4 8.864+0.292a 0.031+0.001b 311.782+38.051a 1 609.187+233.904a 7.597+0.610c¢
P5 1.796+0.120d 0.023+0.003b 53.175+2.615d 1 169.007+75.261b 6.985+0.063cd
P6 7.244+0.279b 0.059+0.005a 69.674x1.218e 1 761.500+31.554a 12.446+0.244b
pP7 5.148+0.329¢ 0.032+0.003b 176.486+5.664bc 1 562.923+52.899a 13.660+0.648b

DP1; ¥ &8 L Caragana korshinskii Kom.; P2 40K 48 Corethrodendron scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner; P3; PUZLJEZE
Atriplex canescens ( Pursh) Nutt.; P4, b A Calligonum mongolicum Turcz.; P5. gy Caryopteris mongholica Bunge; P6. 1 # Nitraria
tangutorum Bobrov; P7. BRI Tamarix laxa Willd. [8%) H A [G]/NG EBE TR 78 A [GAE Y 6] 22 55 1 3% (P<0.05) Different lowercases in the

same column indicate the significant differences ( P<0.05) between different plants.

®7 TAEBEEYMFHNSEZHRSE(XSE)Y

Table 7 Gas exchange parameters of different restorative plant leaves (X=SE)Y)

THY) ZEMEHZ/ (mmol » m™2 - s71)

%}L%fg/(mmol em7?2 . s’l) HOlEa R/ ( pmol - m?2 - s’l) e [F] CO, ‘?i?fg/(p,mul . mol_l)

Plant Transpiration rate Stomatal conductance Net photosynthetic rate Intercellular CO, concentration

P1 2.88+0.13b 0.060+0.003b 18.13+1.26a 258.50+10.32¢d

P2 3.69+0.10a 0.046+0.003¢ 8.12+0.21d 346.08+5.81a

P3 3.14+0.24b 0.031+0.002de 18.51+1.63a 289.22x11.77be

P4 1.70+0.10d 0.026+0.002e 15.26+0.39b 224.32+25.92d

P5 2.18+0.12¢ 0.030+0.001de 7.98+0.34d 284.78+9.59bc

P6 1.71+0.10d 0.036+0.001d 10.97+0.51¢ 226.89+7.15d

p7 2.86+0.06b 0.070+0.002a 10.01+0.21cd 315.80+21.56ab

DP1. kgL Caragana korshinskii Kom.; P2. A ZELE Corethrodendron scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner; P3; U 3y Al
Atriplex canescens (Pursh) Nutt.; P4. V3% Calligonum mongolicum Turcz.; P5: 5% 7 3E Caryopteris mongholica Bunge; P6: H H| Nitraria
tangutorum Bobrov; P7. JEHEREMI Tamarix laxa Willd. [R5 R [6] /NG F24: R /R 76N [RIFE W) 18] 22 57 1. 3 ( P<0.05) Different lowercases in the

same column indicate the significant differences ( P<0.05) between different plants.
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Table 8 Chlorophyll fluorescence parameters of different restorative plant leaves (X+SE)"

SRR Lib DI &N
Wi S A | DU AR

FETh 4%411‘3%0

U AL M R AR
MV PR T SO T

Jefl AR R R

Photochemical

quenching coefficient

A= KR EL
Non-photochemical
quenching coefficient

IO
Maximum light
quantum yield

) ENUSIN i P T i R
i/ ;
Actual light Apparent electron
Plant .
quantum yield transport rate
Pl 0.721+0.002a 13.935+0.056a
P2 0.709+0.005ab 13.213+0.163b
P3 0.686+0.006b 12.674+0.189bc
P4 0.695+0.002ab 12.852+0.084b
P5 0.658+0.008¢ 12.990+0.272b
P6 0.633+0.005¢d 12.234+0.109¢
pP7 0.620+0.005d 12.250+0.120¢

0.938+0.002ab
0.963+0.003a

0.932+0.007abc

0.942+0.005ab
0.927+0.016bc
0.902+0.002¢d
0.894+0.003d

0.256+0.006¢d
0.217+0.025de
0.341+0.002ab
0.308+0.008bc
0.398+0.021a
0.157+0.005¢
0.172+0.021e

0.628+0.002b
0.639+0.007b
0.707+0.005a
0.713+0.005a
0.683+0.006a
0.556+0.005¢
0.607+0.002b

Dp1. #4455 )L Caragana korshinskii Kom. ;
Atriplex canescens ( Pursh) Nutt.; P4,

;s P2 40K 248 Corethrodendron scoparium (Fisch. et C. A. Mey.) Fisch. et Basiner; P3. PUZE 3L
’I‘T H Calligonum mongolicum Turcz.; P5.

T Caryopteris mongholica Bunge; P6: A #il| Nitraria

tangutorum Bobrov; P7. JEFEFEM Tamarix laxa Willd. [F31H R [E] /NG 8RR £ A RIAE ) 1] 22 7 83 (P<0.05) Different lowercases in the

same column indicate the significant differences ( P<0.05) between different plants.
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W1 EH S E M RREE 5y 5 7.031,3.372,
2.934 1.506 F1 1.173, Rt 5T#k# 94.212%, % 1 £
A, R R K S bR  E ADGARAEE K
%éﬁzﬁ@%ﬁ?rﬁlié@wﬁﬁ% 355 2 FRrh, 5 pH
{EL N - B AL SFAE [ A E R A 3

K9 BEEWMITMNERHNERS

o, A LR A A A RO S R AR 1)
HAXTER R 4 F R, ZE I EUR AR Co,
(M“H’J%ﬂmgé@xﬂﬁiﬁﬁ %5 ERUr, ARk
WK FR B B KOG it 77 it B ARRAIE 1) e 465 % (B 8¢
o LRV ATES S (R 10) Bon  Ja AN A i
EEHY, Ak,

Table 9 Principal component analysis of evaluation indicators for restorative plants

E %) BARFRIVAFE R Eigenvector of each index"
Principal
component wC pH EC oM AN AP AK R Tr Gs Pn
1 -0.836 0.066 0.331 -0.156 -0.490 -0.248 -0.179 -0.144 0.249 -0.131 0.581
2 0.299 0.922 -0.493 0.220 0.278 -0.202 0.952 -0.549 0.042 0.744 0.237
3 0.190 -0.038 -0.560 0.824 0.730 0.853 0.029 -0.325 -0.083 0.203 0.053
4 0.161 -0.334 0.449 -0.396 0.107 0.250 0.074 0.379 0.906 0.463 -0.372
5 -0.350 -0.176 0.363 -0.181 0.312 -0.252 -0.119 0.532 -0.039 -0.410 0.267
F R B IFFE Y Eigenvector of each index! R (4 BT/ % IR/ %
Principal Ei n> 1 Contribution Cumulative contribution
component Ci Y(1I) ETR qP NPQ F./F, genvatue rate rate
1 -0.109 0.947 0.707 0.816 0.242 0.500 7.031 41.357 41.357
2 -0.075 -0.033 0.380 -0.277 -0.248 -0.319 3.372 19.837 61.194
3 0.021 -0.264 -0.536 -0.334 -0.319 0.135 2.934 17.258 78.452
4 0.990 0.147 0.187 0.279 -0.089 0.034 1.506 8.859 87.311
5 0.031 0.098 0.085 0.082 0.860 0.790 1.173 6.901 94.212

VW, T84 7k Soil water content; pH: + 3% pH {H Soil pH value; EC. + 48 5% Soil electric conductivity; OM THEAVLE S
2 Soil alkali-hydrolyzable nitrogen content; AP . t 345 %0H% & &
7 Soil available potassium content; R: Hf E'E*ﬁﬁ FHXTHE K H R Monthly relative growth rate of new shoots; Tr: 7€/ # % Transpiration rate;

matter content; AN +IEHRAH A &
Gl

= Soil organic

Soil available phosphorus content; AK; -5

Gs: S LSS Stomatal conductanc se; Pn; Bt # Net photosynthetic rate; Ci Jif ] co, e & Intercellular CO, concentration; Y(II) ; SRR
%F’:g Actual light quantum yield; ETR 2 W HL 15 28 3 K Apparent clcctrun transport rate; qP: YafbFH K R Photochcmlcdl quenching
coefficient; NPQ 4%)&1{3%3@3){%% Non-photochemical quenching coefficient; F /F  : H*j(}‘ﬁm%ﬁﬁi Maximum light quantum yield.
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Table 10 Comprehensive evaluations of different restorative plants

i FE 51557 Score of each principal component ARy H
Plant" 1 2 3 4 5 Comprehensive score Ranking
P1 -0.761 9 -0.554 2 1.493 5 2.021 4 1.223 0 0.102 1 7
P2 -0.084 0 2.361 3 1.347 3 -0.227 7 0.967 9 0.756 6 5
P3 -0.250 7 3.047 3 1.140 1 1.404 2 -0.5917 0.829 1 4
P4 -0.039 7 1.601 2 -0.228 5 3.197 5 0.403 0 0.608 1 6
P5 0.751 7 2.420 2 1.517 9 1.4850 -0.256 2 1.238 0 3
P6 2.726 5 0.749 9 -0.487 6 3.156 3 2.362 9 1.735 3 2
P7 3.806 1 0.742 7 -2.178 3 1.501 9 2.5557 1.756 6 1

DP1; #7445879 )L Caragana korshinskii Kom.; P2 4K 25 Corethrodendron scoparium ( Fisch. et C. A. Mey.) Fisch. et Basiner; P3; PUZLiE#E
Atriplex canescens ( Pursh) Nutt.; P4, b A Calligonum mongolicum Turcz.; P5. gy Caryopteris mongholica Bunge; P6. I # Nitraria

tangutorum Bobrov; P7. S TR Tamarix laxa Willd.

3 e fegap

A FE AN [F) - 3R o e R X D B A
R DEA R SR R VO E A B GEm, L h
YEF R Y K R B e N T SR g i
SRS R IO CSHUR RIEA YOG ARG 8 %
Bhn , SARACH S ERE S S et 7Rt 5 i OB A
BRI 2 18] 5 B )3 ML) ek LS HoT
BRI WAEYI B R ERE B AL | FE
B A BAE I B - (R 2 - DY
St bt ina HLAL , DU SRR I B aA AR N
T23.90% , 3% 7] fig 5 e HAL v BR A0 AR A A 50
S5ub- A, A AUAE B 4 35 B SRR T
31.19% , A3 BILITT & £ FUAT 200 7 /M s . Lk,
FERD— T B Sl E it A ML , D3R - Y A ()
CO, WIETI#E T 34.17% , SILFIERRAR T 44.64%,
{HZE N o R TC o 35 M AR Ak, X 5 A 2 5 F 5% 45
SEUOUAR ] BV NAG HLAR AE B HE e E] o, VR,
FEARAL T B (AR BV FH 0 AR (R AE st o) RUBE 1 A7 7
E5 . B, - R RS R i A PR, PO 3
B R ARG R R T 34.32% , K Wi
I AILIE 5 VO3 R ARG BE I 35, AE 38
S AR Bl 2= K UFE B D RSk R P 6 A A%
B O PRBE I8 435 N e D B 0 AE TR R R R
38 B8 45 1F B 4 — E DL A ERDY ok, 5
T -AYUECERFLL 9 « 1) M E, b -+ A VU (AR
W2 s 1 s 1) i E R B AR B 2E K R B
TR T X —

ARG, A FEPUE AP 7 B GA REE T 2%

FOOURERA R ZESS . TR EKAKET RS
b IR F AR ORI Z A, 1
SEHBRARZE A ARG, TR XA A
AT R P A K SR L2 I o AR i 2 2 R SE (491 R
BORAE S IFIE S0 RN ) Y — ok, ik SeAE )
AR R DG B R8O A A R IO R 2 SR R
BT Guan SV B AR TR IXCT R B oAl
Wy R 1 3o AR RO 5 S R A R, e ROR b 8 R B
%, EsRaEDY L T 3 Rl WS B e & A
M2 ZRIOESHL, W i 58 T e 5t 2 554K F
H . M 2 ( Haloxylon ammodendron ( C. A. Mey.)
Bunge) VP& (Artemisia desertorum Spreng.) ., AW 5E
i A S8 1Y ZE I R A R] CO, MR W R T
HABAEY) IR A AL T2 035 = T HARAE )
Py AR HRAG LA S B o't 1 7 B RT3 U0 HL A 1 i
Rl b2 T ALY, 5t 2 v DA Y 3 i
AR RO T B = T AR, S S A
PR ARD LA K R & T H A, 7 5%
SRR LR PO 35 AR (ROl B R 3 T AR
5, AR 7 R T 5B v A A [ B A
4, 140, A0S b PP AT TRl {2 | REAS BE 44t
TR K R D TR XA KA L
JR 5 IR AR | e R AR AR S PR B N
AN TR0 P T A A A B T BRI (7K 73 P A8
BBV ) [ RE A VR RE 9 B A4 2R BUR PR R ) fiE
DARIXFFREE AR AL W98 3R W1 £ 4F £ 8 ( Dwvalia
Haw. ) FEHI7E K 1 52 46 040 1 7K B8 I50F JH 3275 3] ik
2, ALK REO R, s T HOGL AR RE 7R
KT R TA A, B, ARAEY L
PRAPHILT REAS 70k B W) 32 BDEAT3 B [R) I, 4ER5 G
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