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B EA0w]TMyERERIRERAMNKEREIFRGTUAELTEMRIL LB L B EREREX LR
KM RB AN R T AR A BEFR(1.3.7 2) T R5608(CK) . 2 56LJE(CF) #5674 Mg (M) A ALt
B2 36 (MCF )4 # B 3635 56 34 138 K 7 M A HLa (WSOC) | 7T 7t A #Lak (DSOC) « B A A A ALk (ROOC) An 42 41
A MR (LSOC)4 At E M A MLk E W Hrh (25 R 1A 5 B SR8 RLPER R LB EERAIEET L H
3,44 E A LS E Z A 49 KR A B AR & 3L DSOC>LSOC>ROOC>WSOC, %7 a £ &, KiEA buak 7T %
PR BB B BAE AL A R HUa B B B 1 a L3R5 A4 & 20%~100%-10.31%~68.29% 60%~186.83%F=
15.29%~141.28%. 432 [H], #5364 HLAEST WSOC.DSOC.ROOC #= LSOC ¥ #4 38 A V5 Fl 44 F A L LAUEL 36 F
B AL, 5 R AR K, 3 A g B A A 8.33% ~166.67%  19.78% ~48.74% « 23.7% ~121.76% = 38.24% ~
189.29%. 44t & A ALk 1 ¥ BA & F 48X, £ F DSOC 5 ROOC #=2 LSOC Z_ ] 89 48 X 7 £ 5 A3£ 0.952 4 A=
0.901 8 [t 1B Ak L R BER A LR BHFLALRIE ESXE R P ERANGHFLT, LA LA AT LR
e I e LR b A 7
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K LS, T % 2 98 0 3k B R S SOKTHIAR 3l R . F AT, 4 [ DRLRHRE DX T 355 e 3¢ ol Fr =
i RIX 400 2 75 hm’, 3 HATS LA 3.3~4.7 75 hm/a (PR FERG I, 7™ 5200 3 B b 22 4, IR T AR SR8
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R (H 2> WSOC &Y. Hi A HUIE AT Sk b3 s R avs g MU, BB HUAE i A & 03900, /K i 1
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iy, B 5055 TR 4 B SR E R B AR I L R A LA AT AL TG ML e S AN R AR R S R 4 (1.3.7 a) WSOC,
DSOC.ROOC F1 LSOC % 4 Ff A5 HLok & 1 520 , BRI X 5 B2 38 Vs A ML AS b, AR X R B+
BAE SR —E S .
1 5 E
1.1 e XH#E5

IR XA T 1L P48 K a7 40 B MR BT VA A (36°28'11.95"N . 113°00'52.57"E, #5970 m) . %M
X A3 /K B 532.8 mm, V3SR N 9.5 °C L, JeAE 104 160 d, J& T MR 7 2= 3 11 DR B 12 2= U [X
IR R 1.3.7 a 1385 51T 2014.2012.2008 FH I H B, § B TR AR LRIE B CRK 30 cem %=+
B G 2 E R ER PG KBRS R A E S T PREAE S D RS SR A R R
Pk 118, 5 B B A R R ROK , B R KA FTAE USSR I SR B IS AR 1 L BB R 0, RS A7
KELZ10 em, BIEIREZ)20 cme. B R 1.3.7 afif, TIEHLLMIR IR 1.

k1 TR AR RHE LA RAMER

FREWR  BMAR(mg-kg)  AABHR (g kg')  AMETRY(mg kg!)  AHUIR (g ke!)  MAERIR/(mg kg')  HARRY(mg k') pHIE

la 40.95 4.39 123.09 9.93 10.84 2.87 8.24
3a 40.96 7.07 140.54 12.18 15.47 497 8.26
7a 48.67 10.17 161.54 13.64 13.41 6.43 8.13

1.2 #ik# R

B K AN R T30 ARAE D SRR 3 (A N B 46.67%) L BEERES (5 P.Os B 16.40%) FIEALER (5
KO 60.10%) » A HLAE A 56 428 B RS 3% , & A WL N 25.80% , & N &84 1.67%, 7 P.Os TN 2.46% , 7
K0 85 1.35% , % Cu &} 24.34 mg/kg, & Pb &4 1.88 mg/kg,Cd.Cr -Hg As B A4 H
1.3 It

06T R B HLR 4 4 e B $2 RAREAZOREHAS kg
BORIEIE 2 AN 2, 5 AR IR 1,37 a3 o SRR MR AW R
AKCF A R B B (KO e ’ ’ ’ 0
o . HLAE(CF) 1155 438 163.5 0
(CF) « it A5 HLAE (MD A3 AL AE + 14 AT i i AAUED o . . 12 000
(MCF)4 ~/KF, Bk CR A, At 3 440 FR IR 7 A HUELIEMCE) 571.5 219 82.5 6000

M A (R 2) . 124N, /AN b3 3
WA RGN X I TH AR N (55 4.4~4.5 m, £ 22~23 m) . 56T 2015454 H 27 HtiAE, 4 A 28 H4&#,9 H 30
H Sk, FB Rl B 5 60 000 #/hm®e T IREEIEFI AT (2016 454 H 25 HDSRAEHHZ T35, AT i A YLK .

1.4 MEmMB 57

FREGE 2 mm 35 19 AT+ 2 g, B K LS 501 #4712 42, 25 °C 2848 /K E 15 75 % 30 min, R J5 7
4 000 r/min "~ &0 15 min, 28 5 fH9ELE 0.45 pm P, F TOC A & 52 BGE H 7K A HLER &=

KH 1 mol/L [ KCUE IR HE , HoAhIS 5 /K IE A HLBRAR [F], 0 5E 38 n v A HLER"

FREGE 0.5 mm 5 9 T RE2 g, Bk SRS 28 50 mL SR B O o, IS INERE NS B . 135
O HIIN 20 mL 119 333 mmol/L 1 iy & B2 8 9, s 5500 LA 200 r/min 13 B 9% 9% 60 min, 24 Ji5 75 2 000
r/min R B0 5 min, K IR 255 F K BL 1250 5 R R, SR 5 F 9 66 B HHLE 565 nm b 5E TR
{8, 3t I A5 1358 5 SR A S A LA

FRECE 0.25 mm i 9 KT 2 FE 5 g, BN E 505 &1 100 mL 250 A, N 25 mL 1.8 g/emy’ FOIRAL B
¥, LA 200 r/min B35 FE 7 ¥ 60 min, 285 7€ 3 000 r/min A58 B 550 10 min, B B0 5 B s W, B
2L FE 3 WL AR 5 95% 1 LB e 3 UK, FE F ZR MK MR 2 I B A EAEI B OB E T 60 C Rt
48 h, Bt o ¥ AR 0.149 mm 97, I 5E 384 WU, BY Dy B 204 HURSE , 520 A DL R FH SR AR R A 25 B -4
PIEM € (] A WU B 3h 2 B A0 ) . A HUBCR FH Z2 (872K 451, R 20 HLAk &= HLik & -
HA B E .

K FH Excel 2010 #0445 B 32047 2 i B, SR DPS7.05 3R A 338475 2 43 b AL 3 1A 56 (P<0.05) o



2 RGN

2.1 AEERE BLIEKA BRI HFFHE

TR A WU 248 BLAR /N T 0.45 pum B AR 40 mT DL B FH A3 P R 8, A L S PR 50 A 1) U 4
PR EH TR, WSOC S AR 2 BAERR 3G i . SR 1 afE R 3 a T4, Bk it A AL &b 21 Ak
HoAAL B WSOC & 22 e A3, R Rl g2 2 BRAEIRAT, AL AR RS, HE T 78R, %
AFE R WSOC B3 i 23, R B 1 a IR 20%~100%. X TH B 1 at3, AN AR E WSOC &
TSR, CFEMERNO0.13 gkhg. X TEER3 at 3, CK.CF il MCF 42 WSOC & % R A A .3 , 4R 1
0.16 g/kg 7c A7 , T B Jit A ALAE AL HE 1) WSOC # 73 1l CK . CF A MCF AL 51 116.67%(P<0.05) . 100% (P<
0.05).100%(P<0.05). HE7 a4 T, DL fb AR AL B (CF) A1t A HLE AL HE (VD ) WSOC & 5% 1 5 4331
N0.26 g/kg F10.25 g/kg, 5 CK FMCF 4b 3 73 51 51 44.44% . 44.44%F1 38.89%  38.89% , {H AN [A] Ab £ [H] 22 A

.
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2.2 AEIERE BELIETAME BN RN T HFFHE

T AEEA UK TR LI RR AL B IR R R R S e Bl e R LU S R e R 2 IR R A, 2
B AR T B B R IR AN B TR A IR Bh 7, 2t AR AHE S R R B0 s Y. BB 2 W) AT, DSOC B AR
PONBESE BRI M. SR3a B G N DSOCEKE R 1 a i 115 2.79%~36.31%,
HERALRE., £ d7a8E, &4 T DSOC &M BN, BE R 1 a 15425 10.31%~68.29%, %
HR3aft7.32%~33.26%. A THE1a I, ANFELEE DSOC &2 5 A B35, F3{EH H 3.45 glkgo X
TER3 a3, DIAjEAHLUL ALK DSOC & fix i, i CK 7 19.78% (P <0.05) , 1fif CF .M A1 MCF 4L 2 [i]
ZRARE. HTERT7 a3, 7500 jE A LR L B (M) DSOC & i & » N 5.89 g/kg, 4 7l CK.. CF Al
MCEF 4t # 51 48.74% (P<0.05) . 33.86%(P<0.05) F1 19.47%(P<0.05) , HAN[A] hb P [a] 2= 7k B 2 /KT
23 FEFERERITIEGSNSENRATILAFIE

135 5 SE AL B WL (ROOC) L F5 AE % 333 mmol/L KMnO. AL A WL , ROOC J& 4 i} a1 4 4 , 3 i
HEANIERAELEROOC b, ol iR LA EAAR A, 1 3 01 %1, ROOC 28 [A] T~ - 88K s A
HURSR AN A A AU, A PR Bl 5 R AR A3 n g 38 00 o {534 i 22 = T - 83K A AL AT v 14 A B
FHHETER3 a B ROOCEKRE R 1 a 1IEIER 1 30.26%~99.4%, 587 a HIEROOCERE R 3 afll
HER 1 a5 10.77%~95.45%1 60%~186.83%. X} T B 1a+t1E, AN [H4HE ROOC &% 7 A
WP NS gkg. XTFEE3 a1, CK.CF I MCF 4B ROOC & % R AN B3, 4ERF7E 2.09 g/kg
Je A, T Hit A HLIE AL BE R B ROOC & 43 7 %8 CK.. CF Al MCF 4b 4 51 70.77% (P<0.05) . 42.92% (P<0.05) Al
68.18% (P<0.05). 7 a&Z B T3, /5 DL Jit A ALAE 4 #E (MD 1) ROOC & f% 51 » N 4.79 g/kg, ¥ CK. CF Fl
MCF AL FE 4351 51 121.76% (P<0.05) . 68.66% (P<0.05) F123.77%(P<0.05)
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mCF
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1 3 7 1 3 7
5 R/ HREWR/
B3 R SFIR 38 5 AL A A HUaR 69 AL AF4E B 4 TRB) TR 23R 4540 7 ek BY T AL A AE

24 FEERE BLIERZA BT LEHE

IR AN R 5 TURIURL 45 5 A 6 R4 B 70 A P A BB R FE R4 M AH 0 B\ e R A
YR I AR ) B D R A D FR AR 4 AT, LSOC B R R BN B & BAE IR B3 i s . =
B3atIBEX AP LSOCERE R a T B ESE R T 46.47%~67.33%. £id7aH R, %4 K~ LSOC
15 1.96~5.67 glkg, BWE B3 a 13N 1.56%~49.6% , Herb DL 8 A5 HLAE AL 3R 09 g /5 e v . AT E B
1 a 3%, AN [F) AbH ) LA HUAE AL AR RS i A0 22 / LSOC & f s, N 2.51 gikg, AR Z R AR E, BB
3 a3, DUE A HLAE AL B CCF) A HLICAHLEC it AL 3 (MCF) ) LSOC & i, 20 7N 3.79 g/kg A14.2 g/kg,
¢ CK A CF AbHE 53 1) 157 18.44%~52.21%H131.25%~68.67%. 7aE B LIE N, KA WSOC & % Jik i 3%
PEIKF, DL A HLAE AR 3 (MD 1) WSOC & 15 =1, N 5.67 g/kg, 73 Al CK CF il MCF 4b 2 57 189.29% (P<
0.05).74.46%(P<0.05) F126.85%(P<0.05)
2.5 4FEMBNRZ BRIMEXM

ST AME A HUBRAR LB AR, 9 7 R A T AR BRI X R R A LR < ) A B
KFR R 3N BAF FRFE & 1 4 Bl A HURREAT A DG 20 A, 25 SR LR 3. B3R 3 mI 40, B 7 WSOC #i
LSOC . [ AH 5 1 a2 85 35 1 /K P o, LR AT AT 2 Ffr iy MR A ALK 2 T PR A DG 1 240 08 W 0 35 7K, A R R BTE
0.679 3 LA |, H:H DSOC 5 ROOC F1 LSOC Z 8] B AH 5¢ F £ 73 51l 15 0.952 4 #110.901 8. Jd i (=l )4 43 M vl A1,
AL WL (V) A1 5 E AL MLES Tk QO FIHLE 5 F28 : ¥=0.663 3X+2.497 5(n=12) , AT ¥4 A WLk (V) Fl 42
AN QO BIFNE T FE: Y=1.4501x - 2.8315(n=12) , (K 58 4= 7] LU I vl ¥ A WL RAEAS R AL HE R 5 4R
WEANBAREG IR 4 PSR HLIK & 2 (8] K/ NIF 2 B DSOC>LSOC>RO0OC>WSOC.

K3 AR E A LA LS AT R

moH IKIEHEA LR (WSOC) VAT PR (DSOC) G BB (ROOC) BUAHE (LSOO
TKIBE A LK (WSOC) 1
A LK (DSOC) 0.679 3" 1
5 BMEH HLEK(ROOC) 0.764 6™ 0.952 4" 1
RAHHLER(LSOC) 0.567 8 0.901 8~ 0.880 4~ 1
W RRIR R E AR (P<0.05) s m R A G (P<0.01) ,n=12.

34T iR

o gEVE MG HURR 2 3 o R G IR AR R A A LB, S MR HLBR 1) AR S ER
B 08 B R IR I T 3R A IR K2, 5 38 N R (1 A2 7= v BE AR O, s A WL 2
SRR it B A B 2 0 LA, W DAR SRVE A I AE SR v

AT R, b RAEFR 0, A Ab PR v] DR R HOK IR A MUBR B, A IEALEE N B R 7 a 1 3EW
WSOCERE R 1 a1 50%, X 555 LB R F3# SR IEHA G CAW LR, ia HLIEE 5
A RESE A ) T 33K PR A AUk 13 0, 58 PR Jite B A LA — 5 T e 6 AR R A b |30 23 i AR K (R g AR &
YLD FIAE MU AR TSR 500 55— T Tt B (A LB, 7T DL B B2 E S 2 0 70 A P RS TR 22 ) /K s 1



A MU, AREFF A, I BRI E (B R 3 ), FiiA FUIEAHE T () WSOC & I 25 & T 3t 1L AE Ak
FAIA WAL AL I . A KIS BEIE(E R 7 @), 5 G 1AL AL 38 A0 5 it 4k I AL 3 R WSOC &
BIEERIN B 2 AR EZER, RN RS KIHE REAE, £ F WSOC B g T—4 3
AT R AR, SRR R A A WU A W AR B i 2 PR, 1X 5 AR
5 BB 37K R M0t G LR )T #E 3 AR FE A Ok

ARFH, TR 1 a HEAF LR DSOC & % F A& , (H Al A AL 3 ¥ DSOC s vy 1 Ath it A ik
B, OB A AL A S, IR ol R R A AR T B AE g B, R R T g
DSOC KA R R . AW REY, Zid 3 a7 a R B, RIS MEE WU & 15 DL it A AR AL 2 5%
15, — 7 2 UK A HUIESE & 1 a3 vb 508 LR , 26 10 39 0 3w i A ALk &, 53— D7 T S it
FAE VIR T I8 & R 0, T IX e A VI AE T 2 2 18w L i YA LR &=

W TR B, % 43 ROOC & ¥ bl 5 B A IR 0 14 K 43 2042 & , A [R] 52 B A PR 2 DL 5 it A5 AL I 4k 2 (1)
ROOC & i 1 » A WML BB itk 2 o A HUAREE N 1358 )5 5 9l o0 iR Fevd PR 2 23 108\ 3458, 1 756 MLk
o O AL S A MUK R RIEIR T, O M DG e 4l R 3% Wit F A AR e 0% 0 3 3 = 5% 2 LI 5 A A L
&, Hoit A ALIEFE HLICHLAEBC it 8RR T AN A HUIEALEE . 57 BRI AT R A HLAE it P 3G 0 1 A JRAE
BUBRFEN , NTAE DRt 7 78 2 (RR , (R B AR AR, FRAIK 1 38 i LT 1) S8 A AR e PR, BEBH (B
P L AS AN ED . A, B R 3 a LR 3% ROOC & & 1A WL HLAC it AL FL 1
HREAERT afa, ALY AL EE ) ROOC =T+ B jtifh JE AL BE 1 , 5t R T BE A2 Jit A A IE 438 oo LR 1)
RVR T E AV TR B, I HUARAR MERR 2, 3R] B K e FH A JE e 1 3 AL 20 A, PRIk T4
EIEA VLR,

I T BRA AL AL 2, FAth Ab ¥ LSOC &353R I N BE 5 BAEBR (4 Iy B4 m . v e Ji R 1 48
20 it A P DA 0 38 ) 8T A R T AR JE AR DA R A, 3 P 2 G, B4 e N - S5 (AR 2R 23 iid P A
AR ECE , 52 L3RR Y B RS M, 2R T s LR A A AL B RIS AHIE TR I it e
M TER3aMLSOCERER 1 al B E K, HIEH 46.47%~67.33%, ME R 7allLSOCEKERE3 a
(FIIENERE A 1.56%~49.6%. Ji PR — 77 THI 1T g A2 BE 5 B 8] (RO 4HE RS , i\ 38 1A WAL SR 2 70 W AA L%
A VA58 7= A2 BRI A LA S5 58 T 0 0 AR T 2>, &% b P A B v A 2H A LB ) 1S D BE R SR T [
WO, 5 I A] Re A bR BRAERR A3, Y L B8R A NUROR B — e RS ERAEEA T, AR
SE A MUK 5y, A IR R G HLAKE T R,

4 £ ip

KA X B3, R3S A AL S RN B 5 S B AR PR A i B R . 4 RS A AL
B 2 1] ) 9% R AR R B DSOC>LSOC>RO0OC>WSOC, £ 7 a & B , KIS HLB - AT IR TEA WLk . 5 Ak
BHENBA A YRR B 1 a 35 B2 5 20%~100%-10.31%~68.29% . 60%~ 186.83%F/1 15.29%~
141.28%. B 38K A VA HLAK LA SR it 4 R R BRL il A AT Ak 38 5% 15, 98 0.26 g/, {HAN [F) 4k 2 1) 22 S A
B3 A MU AN AR A MBS = 22 35 R BN it A HUAE> A6 HLJC AU AE I ft> B0 it A6 JE>CK, HL A B
i) 22 S 35018 B2 Ko B A A HUBR 1 DA S it A AL Ak 3 1 I g SR A e, LR 3 v T Lt £ A A 2 AN
CK. 4FhiEMEE YUK 2 (B3 BA B2 M, Hdh DSOC 5 ROOC F LSOC 2 [8] [ AH 5 1 f5 ir » A8 R 5K
4315 0.952 4 F10.901 8. MAEKE , EEFE D BERNME LR, A HUIE 2 B 351G A YLk 52
M) 5 K
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Effects of Different Fertilizations on Organic Carbon
Activity Following Remediation of a Coal Tailing

GAO lJiwei', XIE Yinghe', LI Tingliang"*", JIAO Huan', LI Yan', HE Bing', LI Shun'
(1.College of Resources and Environment, Shanxi Agricultural University, Taigu 030801, China; 2.National Demonstration

Center for Agricultural Resources and Environment Experimental Teaching, Shanxi Agricultural University, Taigu 030801, China)

Abstract:[Objective] Improving soil fertility is an effective way to remediate mining tailings and the purpose of
this work is to investigate the change in organic carbon activity in a coal tailing following its remediation by dif-
ferent fertilization methods. [Method] Field experiment was conducted on a long-term experimental site to exam-
ine the effects of different fertilizations on change in activity of four organic carbons: water soluble organic car-
bon (WSOC), soluble organic carbon (DSOC), easy-oxidized organic carbon (ROOC) and light fraction organic
carbon (LSOC), following remediation of the coal tailing formed due to collapse of a coal mining in Xiangyuan
of Shanxi Province. We considered four fertilizations: single fertilizer application (CF), single organic manure ap-
plication (M), combination of fertilizer and organic manure (MCF); the control was no fertilization. The carbon
activity was measured between one to seven years after the remediation. [Result] The contents of the active or-
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ganic carbons increased significantly as time elapsed in the order DSOC>LSOC>ROOC>WSOC. Seven years af-
ter the remediation, the content of water soluble organic carbon, soluble organic carbon, easily-oxidized organic
carbon and light fraction organic carbon was 20% ~100% , 10.31% ~68.29% , 60% ~186.83% and 15.29% ~
141.28% respectively, higher than those measured one year after the remediation. Among all treatments, a single
manure application was most efficient, improving, the content of WSOC, DSOC, ROOC and LSOC by 8.33%~
166.67%, 19.78%~48.74%, 23.7%~121.76% and 38.24%~189.29%, respectively, compared to the CK. The four
active organic carbons were correlated, with a correlation coefficient for ROOC and LSOC, and ROOC and
DSOC being 0.952 4 and 0.901 8, respectively. [Conclusion] When remediating coal tailing by removing the top-
soil, an single manure application was most efficient to enhance organic carbon activity and improve nutrients cy-
cling compared with other fertilizations if the amount of nutrients applied to the tailing was the same.

Key words: reclaimed soil; water-soluble organic carbon; soluble organic carbon; easily oxidized organic carbon;
light fraction organic carbon
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Effects of Different Irrigations and Nitrogen Applications on Distribution of
Water, Nitrogen and Salt in Saline Soil as Well as the Yield of Oat

ZHANG Peng', JIANG Jing", MA Juanjuan', YANG Zhiping™’, WANG Yongliang™’
(1. College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2.Institute of Agriculture Environment and Resources Research, Shanxi Academy of Agricultural Science, Taiyuan 030031, China;

3. Key Laboratory of Soil Environment and Nutrient Resources of Shanxi Province, Taiyuan 030031, China)

Abstract: [Objective] Excessive application of nitrogen fertilizer and irrigation is an issue facing agricultural pro-
duction in inland arid temperate regions in China, and the aim of this study is to experimentally investigate the op-
timal fertigation schedule to control the contents of water, nitrogen and salt in root zone to safeguard oat produc-
tion in salt-affected soils in these regions. [Method] The work was based on pot experiment and considered com-
binations of two irrigation schedules (sufficient irrigation, W1, and insufficient irrigation, W2) and three nitrogen
applications (high, N60, medium, N30, and low, N10). In each treatment, we measured the contents of water, ni-
trogen and salt in the pots. [Result] Increasing nitrogen application led to an increase in soil salinity, and insuffi-
cient irrigation could significantly reduce salt accumulation. Insufficient irrigation at mature and seedling stages
with high nitrogen application could reduce salt content by 14.3%. When the amount of nitrate and ammonium ap-
plication was the same and at the high level, insufficient irrigation in treatment W2N10 increased nitrate and am-
monium contents in the pots by 13.8% and 34.2% respectively compared with sufficient irrigation in treatment
WIN10. We did not find noticeable reduction in dry yield after reducing nitrogen application from 60 kg/hm’ to
10 kg/hm’, and found that a combination of 30 kg/hm® nitrogen application with 100~140 mm irrigation sustained
high yield. [Conclusion] Reducing fertilizer application along with insufficient irrigation can safeguard oat pro-
duction in salt-affected soils without giving rise to soil salinity in temperate regions in China. The results of our
pot experiments indicated that the rational fertigation is 10 kg/hm’ of nitrogen and 100~140 mm of irrigation.

Key words: oat; nitrate; ammonium; electrical conductivity; water and nitrogen coupling; yield
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