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Abstract; This study aimed to reveal the nutrient cycling and stability mechanisms in slag-plant-litter system on the

metal smelting slags yard for many years of ecological restoration. Five dominant plants ( Dysphania ambrosioides , Arundo

donax, Robinia pseudoacacacia, Broussonetia papyrifera and Cryptomeria fortunei) planted on the lead-zinc smelting slag

which had been ecologically restored for six years in Northwest Guizhou were selected as the objective in this study. The

contents of carbon (C), nitrogen (N), phosphorus (P) and their stoichiometric characteristics in the organs of these

dominant plants (fine root, coarse root, stem, branch and leaf) , floor litter and surface waste slag beneath plants (0-10

cm) were studied, and their relationships were also determined. The results were as follows: There were significant

differences in C, N and P contents between different plants and different vegetative organs( P<0.05). In the herbaceous

plants, , the average content of C was stem > leaf > root > litter, and in the three trees, trunk > branch > fine root >

coarse root > leaf > litter, The distributions of N and P in the herbaceous plants were leaf > litter > root > stem, leaf >

root > litter > stem, while in the three trees, the distribution of N and P was leaf > fine root > litter > coarse root >

branch > trunk. C content in litter of Cryptomeria fortunei was higher than that in all organs of others, but the contents of

N and P showed an opposite rule. The highest concent of N was found in Robinia pseudoacacia. The change of C : N and

C : P in organs and litter was contrary to the distributions of N and P, indicating that C : N and C : P were mainly

affected by the content of N and P. Correlation analysis indicated that N : P of herbaceous plants was affected by N and

P. N : P in the three arbor components was mainly controlled by N content, and also affected by P content in branches

and leaves. Among the N : P leaves of the five plant leaves, only the N : P of leaves in Robinia pseudoacacia was greater

than 16, and the growth in the system was restricted by P, while the growth of the other four plants were mainly restrict-

ed by N, indicating that Robinia pseudoacacia is more suitable for the waste residue environment, it was recommended to

select legumes as pioneer plants in the restoration of barren waste residue yards to improve the substrate nutrient condi-

tions. The contents of C, N and P in the waste slag were lower than those in organs and litter of the plant. The contents of

C, N and P in the surface waste slag of different plants were significantly different (P <0.05). The contents of C, N and

P in the residue under herbaceous restoration were lower than those under the three trees. Correlation analysis between

N, P and N : P between waste residue and plant-litter showed that the N and P contents in fine roots and litter of plants

were more closely related to the N and P contents and stoichiometric ratio in the waste residue.

Key words: lead-zinc smelting slag, ecological restoration, plant nutrient organ, litter, C, N and P, ecological

stoichiometry

e (C) A0 BUAE P AE A A B B 2R JC 3= A ) 3l
A VE R FAL CA1F S A B A A # Y
BREEORIE, A (N) (W (P) EAHY M EAE Y
Jot Ko T A K BRI AT (Elser et al.,2007) , C. N
P SRR E SR OC R TEAR W) A A S A b AR R Y

HLH P & ¥ EZA/ER (Fan et al.,2015) . A&k
2431 27 (ecological stoichiometry ) 25 & T A4 25 24
A s i A R B R 2 ML e R
(C.N.P) Frit V- 5 £ 45 R GE g & 1 18] A .52
i Y — Fif B (29 5 AT 5 B, 2008 ) o W)
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C: NFIC = P AJ Sz AR 4 A A ol 8t Fn 5 43 il
HRCR K ( Wang et al.,2014) 1 N = P A DS
FIWRE Y E K 2 N 3 PR 9 1% 32 ( Elser et al.,
2007) , THHEAENHY ALK B 8 IR0 EEORIE,
HAR AW S v fE— e fRE LR Y E SR
#WEP C NP Wik 2EIH & (Yu et al.,2011)
YR TE D AE B R AEY) 5 0 B o] 7, H
T4y R0 AT — i T B b 2 e - 48 ) 3% 4341 N R
NAEYRT IR B9 F) AR OE . Parton et al. (2007 ) B
FRWY] TEAY IR E D0 Ao it B b G M 95 )
[ C = N<40 B, JH75 P o il e N, HORIE
C: N C: P 5HAMEHOR A R B A, E
BAE 2= R AR E N B R D (AR R
20 a U K ST AR, BEETE AR T
MR A S RS AR A2 R G0 K b, HORH
SR FEAR P R Bl U 1 i B Ak 2R T R RRAE
xR AR A S R G - - TR iR R
AT ERHET T R

PG L 4 35 B A IS B A 300 A4 b7 s, A
AR IR RN A TR0 () 2 B T2 B I R N
YRR ORI A B8 0, 20 00 v TR B R 15 BML
TR T AR, A= 1 c S~ 3.0~3.8 ¢t
R (B 1.0 ¢, 79 1.5~2.0 t, i 0.5~0.8 1)
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(Pb.Zn ,Cu Cd 55 ) , 5 4F B 2 e B i 0 i 30 J
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B (PAE2545 2018 Luo et al., 2018, 2019) . *f
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1.1 ARXHER

WEFE IXAL T 51N 44 B VI AL T B B
PO VR R B R M M A B R OR X
(104°43'45" E,26°41'14" N) ,F#1E4K 2 200 m,
AR 10 °C, W Bl 2 KU Mty | 4F B K
) 890 mm, JTLFEWI 180 d, IR T 2012 4]
FEAIFSE DI aob TR 4 it 3 AT P 3 b P R I i
b SN AL R R R X A i AT A A R BT R
[F) ] 25 FC TR A (R AR SRURR M0 AZ ) FEAS (AT
PR 22 TTAE M RE T | B A T I A A 25 AN T A%
TR EZ ARG AR E L, E 2017 F 12 H,
BRMY CTEZEGIREEK 6 a,
1.2 |RFE
1.2.1 #&RE 2017 48 12 A9, FEVF5E X IR
FEah R A TAE, 32 2R AR SR v I I AR 1 1
( Broussonetia papyrifera) . 5. FF 09 ¥& M F% A Hl #
( Robinia pseudoacacia ) . #% F} 19 & & I+ K M 2
( Cryptomeria fortunei) | 7R A B} 1 22 45 A4 KA G W)
FAT (Arundo donax ) FNZEFLEE )& 1357 ( Dysphania
ambrosioides ) . HRAEHE 1) 1 53 A 5 AE A4 A 5% X )
I3 3440 m x 40 m BRETT TR RETT 4 )
VEPCKC AR [F] 19 3 K IR T 9 7 IR AL 4
WIAZ , B FE D7 v e B 3 R A >4 1 4 5F 9T F
FOTRERRAGE , o3 B R Y AR R ZE A O
WA R R S 320 114 3t 9 R 9 ) R AT R 2 5 TERURR A
BEFIMIAZ 09 1~ 1.5 m Mg A2 b R AERE T, 75 el A
[F] 5 SR AR A AN A2 EAR R T 2 mm
FARF/NT 2 mm R 4HAR S R AR SRR T R
() AL 1 R0 i 00, R B 0 R 5 ] D 03 12 6 Oy &
P 300 g ity o PRIEFES RS CREGFEY T
FrXR A ZRZ (0~ 10 em) JEHEFES 29 500 ¢, W5
AFETT A £5 20 53 (AR AR ORLAR 25/ B AN
JATEY ) LA KOO 0L % 3R J2 R ety [l S 4 2
1.2.2 & a &R ob B REMEYHE M
HRKEER A+ AT KMETH, B TET
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HEYRIR G  EARZHTETEN AR
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H,S0,-HCIO, ¥ fift , I fife W 34 F AR 86 Bt L 275 0
FE o TR RR A L6 AR R AT AR RN A R
PEAT A o a4 o
1.2.3 ## 4 frf7 £ds 8 2 R H Microsoft
Office Excel 2007 {4, Hrf C N P B9fb22T1 5 1L
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T EHHE
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KTFME®RS P&,

HAMEY AR TR C - N 31.51~49.6,
R RGBS P AT > RIBLSEIAZ > LT C: P Y
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Table 1  Contents of C, N and P in different organs and litters of five restoration plants
lizt7] AR HIAR /T l53 nt Y
Plant Fine root Coarse root Stem Branch Leaf Litter

3% Dysphania ambrosioides
FAT Arundo donax

FHE Mean

HIME Robinia pseudoacacia
¥ Broussonetia papyrifera

WIAZ Cryptomeria fortunei

389.33+£9.45Aa
454.27+19.68Bbc
421.80
391.66+9.41Aa
433.81+29.4Cb

460.12+9.80Ac

W C content (g - kg')

381.50+10.46Aa
405.92+36.76Ca

482.92+10.43Bb

442.05+13.03Ca

446.70+7.87Ba

430.12+11.99BCb

416.57+21.59Ab

419.77+7.99Bbc

404.94+5.63Ab

444.37 - 423.34 412.36
444.63+27.28BCa  441.36+8.71BCb ~ 455.86+9.14Cc  423.71+46.88Bbc
483.71+16.99Db  426.87+9.15Ca  344.85+£23.05Ba  303.51+12.28Aa

526.70+19.60Cc

479.93+8.37Bc¢

460.82+11.99Ac

455.89+15.46Ac

SE-4{H Mean 428.53 423.45 485.01 449.39 420.51 394.37
A N content (g - kg')
FIHIF Dysphania ambrosioides 6.23+0.30Ba - 2.10+0.53Ab - 12.09+0.44Dbc 8.19+1.07Cb
FAT Arundo donax 6.49+2.11Ba - 3.10£1.12Ab - 13.53+1.85Dc 10.150.74Cc
SEH4{H Mean 6.36 - 2.60 - 12.81 9.17
HIME Robinia pseudoacacia 17.61+1.51Dc 12.39+1.37Bc 5.36+0.72Ac 7.47+0.85Ab 26.58+3.27Ed 15.14+1.31Cd
¥t Broussonetia papyrifera 13.79+3.96Db 6.2+0.98Bb 3.09+0.19Ab 2.73£0.08Aa 10.55+1.8Ch 8.23+1.67BCh
WiIk2 Cryptomeria fortunei 5.76+0.28Ca 2.87+1.55Ba 0.77+0.33Aa 3.38+0.51Ba 6.84+0.7Da 5.10+0.5Ca
SEAE Mean 12.39 7.15 3.07 453 14.65 9.49
Wi P content (g - kg')
L30T Dysphania ambrosioides 2.73+0.23Cc - 0.78+0.15A¢ - 3.75+0.49Dd 2.21+0.25Bb
P Arundo donax 2.05+0.08Ch - 0.82+0.11Ac¢ - 1.90+0.1Bb 1.85£0.11Ba
SEAE Mean 2.39 - 0.80 - 2.82 2.03
Fi#E Robinia pseudoacacia 2.24+0.21Db 1.79+0.27Ch 0.54x0.10Ab 0.73+0.43Aa 1.42+0.21Ba 1.69+0.17Ca
¥ Broussonetia papyrifera 3.20+0.63Dd 2.39+0.16Cc 0.73+0.04Ac 1.30£0.19Bb 3.13+0.44Dc 2.93+0.31Dc
HIAZ Cryptomeria fortunei 1.53+0.29BCa 1.27+0.06Ba 0.28+0.10Aa 2.45+0.47Dc 3.20+0.23Ec 1.64+0.16Ca
SFAE Mean 2.32 1.82 0.52 1.50 2.58 2.09

e RPEAE RN TIIE + pRifEiR2E, -7 RARKME RIS, TR, FITARERE FEERRE—EYAR RS Z 255 D E
(P< 0.05) , [RIFA[E/ING FREAR R [H]— A3 FEAS [E AR P 1A 4 24 5+ 8 3 (P<0.05)

“w_»

Note: The data in the table are x +s_. “~

indicates that relevant indicators have not been measured. The same below. Different uppercase let-

ters in the same line indicate significant differences among different components of the same plant at 0.05 level, while different lowercase letters in

the same column indicate significant differences among different plants of the same component at 0.05 level.

24 FE-EMEFRBRE-AEZWFNPSERK
FIFEHFE B K ST

e 4 ZEREFI W Ah R AR P 1) A0 AR AN 25
N:PHNEFRERZEEMREFEHXLR(P<
0.01) , M- AIEEY N : P 5 N & &2 E 77
BB B E R IEA G KR (P<0.05), 5 P &
Z IR A R (P<0.01), RS AT

U AH LEAE SR v ) PR R B AAE W), =P K4S
B NP N : P ZEEREER, ITEARANEH W
N & 2 (B A7 E 2 35 IEAH OGO R (P<0.01) , B
Ao P E SR8 N & 822 A 2% B E
AR (P<0.01) 05 0 N = PRI,
TRARZH P N P ¥E N SRR EW D
IEMERR(P<0.01) , SR P &5 2 A7
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Table 2 Ecological stoichiometric ratio of different organs and litters of remediation plants

gE| LY iR FHAR /T 5 nt A

Item Plant Fine root Coarse root Stem Branch Leaf Litter

C:N b 62.56+ - 218.27% - 35.58+ 51.87+
Dysphania ambrosioides 2.41Ab 41.39Ba 0.38Ac 6.40Ac
FAy 75.04= - 157.05+ - 31.09= 40.02+
Arundo donax 18.54Bbce 44.03Ca 2.76BAb 2.38Ab
TFHE 68.80 - 187.66 - 33.33 45.95
Mean
L 22.35= 31.07= 83.66+ 59.67= 17.37+ 27.94+
Robinia pseudoacacia 1.48Ba 3.13Ca 6.29Ea 5.94Da 2.21aA 0.86Ca
Fay g 33.85z 66.16+ 156.96+ 156.40+ 33.30=+ 37.87%
Broussonetia papyrifera 10.28Aa 6.12Ba 4.06Ca 2.38Cc 4.45BAc 6.40Ab
Btz 79.92=+ 206.69+ 780.63+ 143.98+ 67.83= 89.91+
Cryptomeria fortunei 2.28Ac 98.89Ab 316.63Bb 17.22Ab 5.07Ad 6.22Ad
M 45.37 101.31 340.42 120.02 39.50 51.91
Mean

C:P EsiPie 143.36+ - 582.19+ - 115.87+ 191.58+
Dysphania ambrosioides 10.33Aa 102.04Ba 12.08Aa 21.97Ab
FAY 222.08+ - 552.12x - 219.79+ 218.97+
Arundo donax 5.63Ab 60.03Ba 6.08Ac 10.17Ac
SEH(E 182.72 - 567.16 - 167.83 205.28
Mean
HIE 176.09= 217.13= 835.23= 1017.33+ 326.29=+ 251.28=
Robinia pseudoacacia 11.60Aa 27.83Ab 99.15Ba 875.98Bb 41.49Ad 8.56Ad
Fa A 139.42+ 169.80+ 663.25+ 332.21+ 111.15+ 104.24+
Broussonetia papyrifera 24.68Ba 10.10Ca 15.17Ea 41.86Da 8.24Aa 7.53Aa
Ktz 309.47= 379.73= 2170.87+ 201.67= 144.51+ 278.98=
Cryptomeria fortunei 55.05A¢ 11.87Ac 1017.26Bb 39.12Aa 6.93BAd 21.49Ae
S H44E 208.33 255.55 1223.12 517.07 193.99 211.50
Mean

N:P BB 2.29+ - 2.70% - 3.25+ 3.76+
Dysphania ambrosioides 0.10Aa 0.35ABa 0.31BCab 0.82Ch
FAY 3.14= - 3.70+ - 7.12% 5.48+
Arundo donax 0.89Ab 0.82Ab 0.65Cc 0.17Bc
SR 2.72 - 3.20 - 5.19 4.62
Mean
R 7.88=+ 6.99+ 9.96=+ 16.09+ 18.86=+ 9.00=+
Robinia pseudoacacia 0.37Ad 0.57Ab 0.54ABc¢ 12.36BCb 2.05Cd 0.34Ad
Fa 4.24x 2.58+ 4.23+ 2.12x 3.37+ 2.79+
Broussonetia papyrifera 0.49Dc 0.25Ba 0.02Db 0.25Aa 0.31Ch 0.28Ba
Mtz 3.86= 2.22+ 2.78= 1.39+ 2.13+ 3.10+
Cryptomeria fortunet 0.61Dbc 1.09Ba 0.37BCa 0.12Aa 0.07Ba 0.11Ca
FHI{E 5.33 3.93 5.65 6.53 8.12 4.96
Mean

T AT RS 78 2R A — MY R R 6 B Z B R A 835 22 5% (P< 0.05) , RS [l /NG 7 B A ] — 4% B 75 A AL 40 1] /Y
257 (P<0.05),

Note ; Different uppercase letters in the same line indicate significant differences among different organs of the same plant at 0.05 level,
while different lowercase letters in the same column indicate differences among different plants of the same organ at 0.05 level.

TEM I E A C R AR (P<0.01) o MHILHHIA ALy MBI 2052 N R
P&, AT N SHEYE N P &R O3 PR AR A =R TR N P & i
LN P Z AR WZAE SR RS KON P SR Z I R A SRE (R
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Table 3 C, N and P contents and ecological stoichiometric ratio of the waste residue under remediation plants in the slag yard

. ekt o s 2
o (g ke") (g k") (g ke") €N err A
+30FF Dysphania ambrosioides ~ 96.30+6.33a 3.06+0.11b 0.73+0.14ab 31.51x1.4a 134.56+17.14b 4.29+0.76b
Pt Arundo donax 101.88+3.08a 2.48+0.28a 0.60+0.03a 41.41+3.46b 170.01£2.77¢ 4.12+0.31b
SFI4{H Mean 99.09 2.77 0.66 36.46 152.28 4.21
HIBE Robinia pseudoacacia 116.29+3.00¢ 2.91+0.20b 0.80+0.09b 40.02+1.8b 147.23+13.97b 3.67+0.21b
¥ Broussonetia papyrifera 114.79£3.36¢ 2.3220.21a 1.04+0.13¢ 49.60+3.08¢ 111.99+11.81a 2.25+0.12a
WikZ Cryptomeria fortunei 108.11+3.26b 3.22+0.21b 0.62+0.07a 33.71£2.01a 175.44+16.32¢ 5.22+0.54¢
S Mean 113.06 2.82 0.82 41.11 144.89 3.71

. FAIANE/NG FHEFRR 22 5 8.3 (P<0.05)

Note : Different lowercase letters in the same column indicate significant differences at 0.05 level.

x4 FMELAEVARRESAZEYHNPIERN: PZHENEXME

Table 4 Correlation between N, P contents and N : P of different organs and litters of two herbaceous plants

IIT;ES FN SN LEN LIN FP SP LEP LIP FN: P SN : P LEN : P
SN 0.189
LEN 0.451 0.670 *
LIN -0.153 0.276 0.17
FP 0.114 -0.533 -0.401 -0.839 #x*
SP 0.11 0.813 #x 0.439 -0.002 -0.36
LEP -0.048 -0.409 -0.345 -0.659* 0.865#*  -0.158
LIP -0.216 -0.437 -0.628  -0.647 = 0.573 0.107 0.611
FN:P  0.862 #x 0.447 0.622 0.291 -0.405 0.277 -0.489 -0.503
SN : P 0.222 0.953 #*  0.696 * 0.429 -0.589 0.604 -0.505 -0.665 * 0.51
LEN : P 0.169 0.569 0.638 *  0.666 % —0.880#*  0.259  -0.937 #* -0.762 * 0.608 0.673 *
LIN : P 0.032 0.4 0.441 0.913 %% =0.797 %+  -0.042 -0.721 * -0.901 **  0.445 0.604 0.803 #3
T FNC 4O N Frdit; SN. 25PN opht; LEN. MER A N it LING S99 N & s FP.4IARb P it SP. 25 P i d;

LEP. M- B P 4k LIP. PHIEYh P S, FN: P I N: P, SN: P 25 N: P; LEN: P. iF P N : P; LIN : P. {754
NG P, ox FORTE 0.05 K L BEMSE; »x FIRTE 0.01 KF EREFMK, TR,

Note: FN. N content of fine roots; SN. N content of stems; LEN. N content of Leaves; LIN. N content of litter; FP. P content of fine
roots; SP. P content of stems; LEP. P content of leaves; LIP. P content of litter; FN : P. N : P of fine roots; SN : P. N : P of stems;
LEN : P. N : P of leaves; LIN : P. N : P of litter. * means significant correlation at 0.05 level; ** means significant correlation at 0.01
level. The same below.

6,3 7) IR, HAMY M EEY H N S8 N: P BF, SMIEARMAE CHBMEKY N P &
BEEEMN NP SEHEMBEEAMERXR(P< HEEMNTE N: PHEREFAMLLR
0.01) , 7Y P R S5KEM NP SHERE  (P<0.01),M5EE P FEMNEFEMXKLR
IEFRKR (P<0.05)  4IMRAY P SEMEEHE N, (P<0.01), AWM LMY & H 0 HEER LR,
TR EIEMCKER (P<0.05) , HAMY &  HARMEEY 5K EZ mH A 5T 0] 8 A AH
Hoph NP &5 N:PYEE®EN: PAHXMER 0k,
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Table 5  Correlation between N, P contents and N ;P of different organs and litters of three trees
ﬁli FN CN TN BN LEN LIN Fp CcpP TP BP LEP LIP FN:P CN:P TN:P BN:P LEN:P
CN 0.779 ==
TN 0.861 s 0.932 s
BN 0.597 ##  0.870 %% 0.731 =
LEN  0.792 #:% 0.915 %% 0.894 % 0.895 s
LIN 0.763 ## 0.926 %% 0.954 %% 0.827 %% (0.952 s
FP 0.656 #*  0.209 0.35 -0.138 0.107 0.128
CcpP 0.555 = 0.222 0.453 -0.193 0.113 0.255  0.828 ==
TP 0.527 % 0.672 =% 0.651 +x  0.406 0.439  0.491 = 0.317 0.276
BP —0.829 #: —0.835 #x —0.882 ## —0.572 % —0.723 %% —0.772 #* —0.455 -0.497 * —0.809 #:x*
LEP  -0.595 s —0.875 ## —0.834 #: —0.906 ** —0.863 #* —0.885 #*x  0.117 -0.036 -0.473 * 0.648 #:*
LIP 0.14 -0.132 0.052 -0.564* -0.286 -0.112 0.706 #* 0.822#x  0.112 -0.17 0.403
FN: P 0.758 % 0.855 % 0.863 #:# 0.888#x 0.952#+ 0914+  0.011 0.057 0.465 -0.741 #% -0.893 #* -0.39
CN: P 0.668 % 0.885#x 0.866*x 0.914xx 0.921 %% 0.922 %+ -0.041 0.052 0.457  -0.635 #x —0.951 #* —0.388 0.926 #:x*
TN : P 0.781 s 0.958 s 0.920 s 0.931 sk 0.973 s 0.958 s 0.098 0.122  0.541 % =0.760 #* —=0.929 #+ -0.291 0.950 #x 0.963 s
BN:P 0.552% 0.610 = 0.588+ 0.733 %% 0.732%*x 0.702*x  0.021 0.05 0.05 —-0.385 -0.674 # -0.259 0.683 #x 0.689 #* 0.714 s
LEN : P 0.711 %% 0.892 %% 0.888 %% 0.918 #x 0.966 #* 0.955#% -0.028 0.056 0.435  -0.691 s —0.942 % —-0.379  0.970 %% 0.971 #% 0.973 %% 0.736 #=
LIN : P 0.642 s 0.890 ##  0.826 # 0.958 s 0.954 s 0.914 %%  -0.132  -0.098 0.459  —0.654 =% —0.933 %% —0.489 = 0.961 #* 0.956 #x 0.965 #* 0.690 #x 0.980 *x

. ON. MR s N &4, IN. TH N &&; BN. BN &, CP. HIiifF P &4, TP. TP &4, BP. i P &&; CN: P. IR

HFN:P; TN:P. FHN:P; BN: P. fif N: P, T,

Note: CN. N content of coarse roots; TN. N content of trunk; BN. N content of branches; CP. P content of coarse roots; TP. P content of
trunk; BP. P content of branches; CN : P. N : P of coarse roots; TN : P. N : P of trunk; BN : P. N : P of branches. The same below.

3 it

3.1 B EEHEYARBRERAEZYH CNPH
SEYSE

C.N.P & EMiAS R g hAEY LK mA
At AR EZRR G F, e A A = R
FREM FLEIC R (SRR E4E4,2011) , &
WFoEh , HFMEE MY &SR E T ¢ &R hEN,
TE 421.64~468.76 ¢ - kg Z [0], 5 75 F g 17 45 A
AR C Fr i3 i (427.5 ¢ « ke (B4 RS 4
2015) AR F 8% £ & S PU e i AR A 2R Y C &
HME(501.1 g - kg) (PNIESESE,2017), N AP
TESAHY 28 B (AR HLAR 25/ A nh) iy &
i HA WS P E R 7.69.1.80 ¢ -
ke, Ho N A AR TR R AR AR A (21,2 ¢ -
k) (R MIEESE,2015) , AR T4 [ 753 it A

1 (18.6 g - kg') (Han et al.,2005) ,P & & TW%
ek A (1.2 g - ke') (B W55, 2015)
SHT R B IE 45 A L, AR B ST T A E E A Y
HCON SRR, v R R TR FEIEE K (X
) A TFARBRCR A, it G A VR R AKX 3% 4 19
TR WA R A A L=k D A ) X 3R
A3 AR W A AL A R U 2L g A R TR A A 28 A K
WEE DL R A ) B B 3 A R R A W] AR R 1 A )
FCNPEEEFNELEHER,
BAFRBAEY 2 E T C NP HFRINE,
PRI AR AR 5 =R IR AR 4R C P it
BT, E R A Ay BN 425.84 2,35 ¢ - kg, C &
AT A L B AN (PRI SE,2018) Al [E
A B ME (5 E 3RS, 2015) ,P & RE
FRIPEE FWF T3 N 76 HE 9 40 AR v A 25 42 A B il
TN (6.36 ¢ + kg ) FIBART =Fh T A (12.36
g+ kgl), WARTRATPIH ST, =R TR A 4R
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x6 HEAEYERASSKEZENP
SER N:PHHEXME

Table 6 Correlation between N, P contents and N : P between

herbaceous components and waste residue in slag yard

e

Ttems SLN SLP SLN : P
FN -0.01 0.009 -0.026
SN -0.099 -0.345 0.339
LEN -0.155 -0.338 0.261
LIN —0.871 #: —0.908 =3 0.196
FP 0.774 s 0.663 = 0.016
SP 0.189 -0.043 0.288
LEP 0.807 3 0.39 0.434
LIP 0.664 = 0.671 = -0.104
FN: P -0.409 -0.334 -0.033
SN : P -0.28 -0.498 0.329
LEN : P -0.749 = -0.519 -0.194
LIN : P —0.853 sk —0.863 = 0.148

{: SLN. JEH# N &rit; SLP. JBH#A9 P 5 ht; SLN : P %
BHIN: P, T,

Note: SLN. N content of slags; SLP. P content of slags; SLN : P.
N : P of slags; The same below.

x7 FASENSEEEZE NP SER N : P HEXNE
Table 7 Correlation between N, P content and N : P between

various components of arbor and waste residue in slag yard

A

Ttems SLN SLP SLN : P
FN -0.417 0.504 = =0.601 *x
CN -0.166 0.204 -0.328
TN -0.293 0.409 -0.512 =
BN 0.273 -0.214 0.114
LEN 0.004 0.09 -0.192
LIN -0.133 0.191 -0.316
FP =0.762 s 0.824 3 —0.840 =
CcpP —0.825 = 0.911 = —0.936 =
TP -0.334 0.39 -0.458
BP 0.474 = -0.464 0.587 =
LEP -0.151 0.051 0.047
LIP —0.885 0.791 =3 —0.819 ==
FN: P 0.081 0 -0.109
CN:P 0.149 0.028 -0.111
TN : P -0.004 0.091 -0.206
BN : P 0.154 0.018 -0.055
LEN : P 0.125 0.004 -0.095
LIN : P 0.199 -0.127 0.021

N F 00 2 TR0 S, X T AR [
KA AR X SAE Y M50 SR ER, —
7 T AT RS2 A W 45 A R AE R AR KT BN TR A
MEFRITR G2, )1 — 7, AT BE 2 B A R
KRR 5 AN [F] g AR BR A ok 1, BRI ZE /T2
Y B SR AT 48 B (Wilson, 2011) , L FHE &
HYIZE/ T C & 5 SRR (2017) A58 /9 31
BZErh ¢ SRS, N P & 8 YK T 8 & i B ot
gER HAMEYIM R ¢ N F R RE, Y
TR N 421.64 13.92 g - kg KT W M R g
MAEEHB R AR TR A (496.15 .15.88 g - kg™) (T H KL
& ,2014) AR T RIS B R A K AL
R C 4t (477.6.22.39 ¢ - k') (AT &
%5,2016) , 31X 7] g S th T RE SR SR R O JEAE K
Z HYIPEAE I AER C R TOLAERBL B
C, [R1 i 2 7o M 3 A= 808 B2 A B v i, AR 3R AT 4R 8%
W REAEY A K AR IR A R, B LAt e ep
C. N SHEBM, TMEEMAY R P &afEd
EAEY M A P & a BN (0.05~10.27 g - kg')
(Han et al.,2005) , & T 61 H X% (2014 ) F1 54T
T4 (2016) MY E5 R HAB R P IE# I P &
AR, X AT BEAT W O TE Y R B A R T R T
11, KR B R I i R oy TR RSB S IB E
T 1) B2 S P A T i R R, A A B A A
WA 5 T i R R IR i R T, (H ek R 3 R 4
TR AERE 0 B A R A A KO LAR e o R SR
T T BB O AR 0 R BRI 5 v Y B
i S A A AR OO s TEAR Y O T, PR i 4 37 5
AR B 52 AR BR AT, I 1) 2 B AR R [ T —
v 3 AR AP AR ) A I 1Y) TR 4 R R AR Wl b
AR R A 2 T S LR (IR PRV S
2011 ;Dresler et al, 2014) , T4 0 T AR BREFEE A
JoT P %) U5 i PR BAE AR RO 1S n AE ) X 9 1Y
WS, WA ARl I 3 T A Tl TR I O A AR A T
REMTAEY h P & A (FTHEFAE 2018) ¢

FE A= K T 75 19 BB AT 90% e R T 11 AF A 4
HE 3] IE i FEa, EDIE NS RGE TR
S3VAIR I Y 5, X A RE AR ) R E A 3
RYEH Y a0 P A AR, A
WFEE b, AR Y AT AR T P C NP % i
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R, ¥ & a4 401.56.9.36 ,2.06 ¢ -
ke Horp C B i 50 W R AR b AR 9 8 Y5 1 (396.2
g« kg ) A (AR EE A, 2015) , LA T s 07 A4
ZUMKAIRZ BE bR (422.67 .433.89 g - kg') ( LI,
2018) ,N P W) 43 S AR A1 i F 5 W0 2 (19 5%, I
YL C N & P IS BCA% SR 7E— e FE B R T
¥k ¢ NP A4S

XHESE (2012) WFoE 2B, D) & 28 B AR LA
HOPRCRR (%) 45 74 ) Jox RN T e i M TR — 4B ) A R
B C NP HERAMEZS, LRI RpEh,
ComAZESH>RSPEY  E=FAT C &
R >ESHMARSHAR S >PFEY), N P ZEEM
FhECAAL ) B 73 A AR 58 4 — 30, o N & i
> PRV ) > MR > 25 P a4 A WU Sk it > AR > R v
Pr>25 A8 =F IR AR N P 43 A 3 0k > 41 AR >
TEY) > FAR > 8 > 25/, Hok R A 5l W 57 %%
(2014) WFoR 45 2 — 3%, oA HE W 9 25/ T Ak 3
T P b R4 Fas 25K 4y EALE B T RS Th
e, B MR et R 48, Br L NP & i ik A IR
(Martin et al.,1998) , 25/ T AE H HAHKER C
SRR B TR G BOTE AE TAEA T A k
WYy S i v A R T 1 AR A T T A i
SRIEAYIMRE C NP FEYE TR, 5 E
TRAF (2015) 3¢ 4= [ 41 AR e 20 0 1) BF 5% 45 48 —
B, X E B SR PR e O, AN AR I M
B A d 0 BR X A M PR 85 AR Ak B U 4y
JEAE A N A 4 R B TR RE B ) BB R (A
SCARAE,2016) TR K MW 725 B 1E
55, AR NP T2 AR R 5 B R H
&% B s AR AR o, ARG g
P KR FIRNAZ DR TE D P & BT R, X
5% 255 (2016) (B4 (2019) MBF5E 458
— 2, MR IR IE D P & s T, X 5
F(2016) MAEAERKBEARAFSE T ERITEREDN
R G RARRL, P Ao N PP & RTET A
i, X R O R R AR A E R B &
BLEE, OB BRI R %, X N P AR K,

AR Y, C N P B & it
HRRAE Y 25 57 ROV T R R X € NP RS R 3R
W 5T R C E Y A3 B P

PUAMIAZ 2 v T HABAE Y, BRI E TR NP Y
A, BRI IAZ A, B AZ T T
SRAEY) LR BT I IS, AR LA LR AR, 4
FZXE C N P R 5w B S AN ] 3 5 R 61 4%
AN (2017) BFSR 250 AL, B C ZEAN R 2E B AR )
T R IR R SR RN T I R B R
ol T R AR TN PR A DA

2 BHESEYARFZIERAEYSH C: N,
C:P.N:P4E

FE[FFPAE ) AS R E F2 48 5, C NP 43 A
FRAE 5 A2 b X IF 5 40 P ) 2 285 SR e R B 5
WA EE AR E MY AR (A
SEAF2017) o AW, WA A Y AR S =
PR ARBYAIR Y C = N 235 68.80 #i1 45.37, 5
BB AN AR BT (PRI 45, 2018) | = Fhi A
ARAARFHAR Y C + N AR T 4 0 9 4 AR Fi
FIARAY C - N(59.15 Fi1121.98) ,1if C : P FIN : P
I AR T v A 40 AR FIOHLAR B9 FE (B (55 B BR A%,
2015) , X 5 HMBEMYT P S EREA L, &
SAYIAIMA C : N .C: P/NTHIAR, o] BE 400
BOMUAR HLAA R0 L e T A, AR BE MR A AR Ay
SR 6 N P SRR, YR N« P
Bz 0 HT T A 2R G bR ) A A R R
Koerselman & Meuleman ( 1996) W 5% 3 W1, 445 )
MR N P<14 B, AR 3Z N RN : P>16
B R K2 P BRI, 14<N = P<16 B} #9124
K52 N P HEFE BRI 805 A2 N PR, A&
SPGB B N - P> 16, H A U R A 9 i
AN = P<14 Uk B R 45 v o A5 R0 A O A 4 1)
ARG P AT N BRI, MR C: NFIC: PR
AT LA BAE ) X NP WG T 28 0 A 380 A
AER N AH P XF C Y [E & fE FH (Herbert et al.,
2003) ,WF5 X L FPAE P it R A C o NI = I BT
FEN TR 8, C P Ik F a0 & (A A XA,
2014) X EEREH T HAEEMY M F P &t
B, N30 T3 C = Py,

WA FRAE(2011) BERRWIAE DI N P 2
T2 R IE W 3 IR D IE AR EE R F N« P #
= WA I5 ) oy i G202, I 22, DRV ) oy e B,
HMN:P>258 P &@E/NT0.22 g - ke B, 7%
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Wy 531 T8 ME ( Giisewell & Verhoeven,2006) , F.F#
YR ET N P(2.79~9.00) ¥/NT 25, 3]
TR S MW UR 75 W 00 B 0 i AR bR (H A
Yy IRTE Y ) 53 ff R AA 5 A R 5 g A W
E ST PR 25 D) A OC (BEAR I 55,2018 ) |, DRItk 4 1
RGBT — R, R
WY& EFREE SHEY T C: NC: PHIN:P
R, PIMERMY S =M AREHINC: N,
C: PHSHYSA 0T N P KA FRE 258 4
AR PIFEE, L] N P & &g MY €« N Al
C: PALI) R EH T, X 5 415 55 (2013) A9 A
R —3, WS CIE R LS PEITTE, NP
e ) PR M DT R I A KR, R A5 AL o
N = Py 22 7 o] iy A G 4> B A5, AR
AP A ST N P SH N P S RMMX
PEIR B 2 SO 2 KO U 3R T AT Y
N : P N AP 3 m 5], m =0 I K& H oy
N : P5 N & &2 [0 ik 24 2 35 E A ¢, W] i 5 4
IR P i 2 B 35 s B 3 fA R OG0 B BIF 5
X=FARARZEHSTEIN : P EFZ N SEAH
[ AR 4 BB R TR i P B 2552 N 2 P
3.3 Ei&H C NP SERUFITEHE

HAE A YRR )R 2R C N P &
I35k 107.47 2.8 .0.76 ¢ - kg, Hop ¢ SR
B P AL SRy AR AR % (W I EE A, 2015) NP
AR T AT, X 5 43 BB DUBE e R IR R Ji
I T 2R AR A O, Bem A Bk & & 0] BE 26
PRt T v R 58 AR 5 al SR Ak Y i L RS,
HIG S sE eS8, it oA MLk & e, (3
BA W 5 A A LIk &R A LR A 2
20% , SRR N P S EATRERH TIE® A
BF R OBBRASE,2018) , HAE & a8 2
(6 a) , MR R X i 7% 50 9 0035 A BRI s b i
Prid BRI W o R R IR A A PR, AR
ARIZEAEYME R T RZK T C NP FER
MR FEAMYE G FRTIRAR, BRI A
LA EY EAESNAEY R, S/ A E KRR
U8 75 Wy [l U1k v, DT 84 o s vP 3R 0 P 1 i

e C N P HE AT LR R B A AR A
AN T A AL BT 43 i B R (E 4R AT B

2008) , AWFFEH, FOAME S AE Y XTI 0 )2 R i
1 C:N.C:P N:P/rilk39.25 147.85 .3.91,
Hodr, b C 0 N & T 79 W% W 4 1248 (15.3)
(GIHEEEE,2015) 5C = P AR T8 307 R e AA 3 b A
[ AR AR 4 458 (209.2) (AT H RUAE,2014) ;N = P
P AR AR 1 (3.9) (B S 45, 2015) , (HEEAIX
T 3 06 AR S 139 (23.8) (AT H K&, 2014)
FEHAN R 22 5 AT BE R Y A 2R A | R IR
P = NI A I S I N B e A
Bengtsson et al. (2003)ff55 45, £33 C: N 5+
FerP A LT 0 3 SR R B, 2 C s N R B B
AYITHERA N ZW 2 A B3R, 5l R ERAL,
RZ,C: NIRRT, 280 N S B85 ik
Yior sl 8t . ARG B C 0 N OAH LA
FIBIF T 285 A 5, 1T B2 22 T v 38 o 1 A ML 1
G ), AN AR E 0 48 R T A HL Y 43

Wi E RS RSB E R
FHEZ MY B SR E - B -k R T C,
NP & M AbAi A iE AT 58, 458 W R

(HEGHEMBEEEYAFERSERN CTREEK
Fae , fE TR AT, C & ZE ST >R > I
TEY A AR WI0AZ RN ORI AR R T > A > AR > R
RS> >PEEY ;N P EMY T HERBE EL
FIFF AT R N SR A>T B SR >ZE, P
Erm A R > AR S P TE W) > 25 FERI R HIRZ ] A
TN P A — B, 35 R > A0 AR > U8 75 4 > AR >
o>+, E#EH C NP &K T 428 E R
WED (/T P SRR A BE T IE
BEHCNPHERETRABCETHEE, (2)W
PRI ER A 45 4550 C 2 N.C 2 P IR/
5 NP FEA AL (4 43 A 52 AH B R U B A
P C: NAIC: P BT N AP &g ; X
PESTHTAR IR IF A AT N 2 Pl NP JE[H]
PE M M2 ANIMELAY N - P £ A2 N S
il , Lz et P S, (3) AMEEMY
A SR AR 0 A K 2 PR, AR
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AR N BRI, 18 B SR A R B i R A
5 0 5 S TR PR 5 b A0, M G Tk 40 B A A A
RGP A K E 82 N R, B LA s B 3%
P 4 B R R T B 5 b U e ik B T R
YIAE R A, DT 5 380 27 iR 36 T 95 43 500, i
MR AE SR E T . (4) X IR W - - 7
YWIRZT N P K N : P AT 45 1 Al
Y AmAR AR 5 90 5 5 1 3R o Z IR R

SE .
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