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100083 ; 2. HEMLBFARIFE B BT AT, bt

JALUE, BKER, ARET, B
(1. dEsobhll ke, Jest

N

100091)

W OE: MAAVUCESE R SR AR IS RUORENE SR, E e IR R, TR
KHEAC (CK) ., Hig3E (CM) , HEAREE (PA) | X338 + RESEEC (CP) 3t 4 MALFEXEWEGEER R 1 T
OB IE R, 25 SRR, 5 CM MLk, CP AELAY pH (A B FH K 0.34 N, HFEH (EC) FFK
14.52% , 5 PA ML, MiFHRGZEALEE (CM AT CP) Ry - IEFR 40 & R AEHE MY W EIR S, CP 2R, ARk,
HKIEMA R . KIEPEAPL RS A S B CM 7515t 55.32% | 103.35% , 16.64% , 55.68% F145.43% ;
T4 o — WEFETTEG . B - MIAIETT R, JLT BIAG ., SEPRE ARG SUEEIREG . 2 W UK EE AN R SRR M 4y

SN 49. 58% . 67.85% . 40.84% . 104.94% .

LA pH AR, IFBE 254 e R R SR B AR A

17.66% |
PR AWK AU | RS BB SR RS PR 4R =

62.05% F137.50% , [EIE5HTER, LEAHLE.
g FRTIR, 3928 55 R I VR T it Tt A (R £ A

KA DEERENL, X9, KRB O+ KRR RN

hEHES. Si141; S154.2 SERFRIRED . B

VR AR B R M T VR Bl M 1 22 ol 8
TSI X W e R A AR 43 R I 2 A
P A HLIE S R Rt — R T A R
Jrvk, HAEVATT H Iy A & Rk e R
ARBERAE R e R A, AT R A H A
J, N e R AR B BRI 1 pH (E
SR (EC) . BT LAt B2, I8 2R 1Y
RORE O E TR B SR 1A MU AR
VEPERR . RURIK, BE R HERUS MRUR AT
HUOKREEW & A REAHLR LBy 2K o, ke BE it
T S A A W RN S T XS EEAE N HL
B, SHEBEMAILR, & SHEHELHTN KR,
ot TR E Y, W RERS ERES AR, B
A A R 1 T PSS A R
AIBRAE ) B S A BB+ r etk , X 250t A
T 1S SR pH EH T,
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EE&WB . SEEITEHE LS @B AR 5 7R
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T IERGRE N L B RN E AR, S5 L
—UNEY S RO, FC T P R S ke S JIE
Fe 13 R E R AR ALY B X B A I VR R
FERT L B A AN RS, P A IC I X B
b B A S P R S A TR, H AT AN T
2, AW T A AR, LUK Tt IE D X
MR, PR RG 2 B A I R A I i Ak B
ATF 5 Eh 8 A S P R IO A X A ] Ak B AR A Y
Wi 17, 6 R D A B e o R AR e R B
DA K 38 2 55 R I B0 R B - 1) 552 B 17 P 4 A3 B
(T

| MRS

L1 HEp
HERHHOR {8 DT E b £, HIL AR L
PERTANZ 1 s, AALBS & 0.594% , A& =
0.029% , 2L 4 498 19 I8 3 B ARG, K 1= 3 T
JaEBRERE MAEMAY)SE, TEERAKXNT T 4
mm G 5 FH, X80k 382, H pH {H8 7.55,
EC{HN 4. 18 mS/em, AL, &AM (P)
SR 327,93, 15.23 F17.76 g/kg, HERANE
W AR AR K 550°C A BEW, 488 Ui
5, WO RISy . ARBRREES A, pHE R
2.88, EC{H K 3.16 mS/cm, AP, 4 & M4
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(P) &M M 77.29, 0.83 F10 g/kg; HEFE 10.16% . 132 21.95% FERZE 7. 90% .,
AR Bl . LR 34. 62% . TNTR 1. 69% . K
F1 g tEEAMR
pH f& EC {8 HHLE £ U h iy A bk Wk
(H,0) (mS/cm) (g/kg) (/kg) (P mg/kg) (%) (%) (%)
8.48 5.09 5.94 0.29 0.51 53 35 12

1.2 R

BRI R R 8P E MO RRE A5 BE
SRICIRI IR = RN HEAT, B/ IR EE 4 3k (25
+2)°C/ (18 £2)°C, R 4 b, Kt
(CK) ., XS (CM) . HlARBK (PA) FIXG
28 + RESRICHE (CP), HtH&EWER 2, Bk
P33 RES, FENLHES], 12014 4211 H 10 HA¥XG
PR IR 45 v’ T E— R A SRR L, RA
a2 AJRSREA N 10 em, FEEO42 18 em, &
12 em, W+ 2 ke ¥RHAER, LIZEEZN 10
em, FERKTRIBAHDKIL, Hia SUZ e e M 2L 1
B R AR K i, IR FEAE, R R
AREGFE I 7.5 v (hm® - ) ARG E] PA I
CPAb¥ @ sk b, o RS W AT K i AR FR L
1:100, ZHUAEE & B, W 500 mL & T 48k
J&, WARS W FER, B UtAERE 30 min HERE 100
mL, FFRILEEHE 500 mL, CK F1 CM 4 353 i [7] 45
AR, A 10 B —k, 4 L 3 K,
AT T W3 B AN B A K, i ee 3 A
&, TR IR A YA, IR L R
i, T Sl e TR TS Y AT

x2 RWiEt

b MR (vhn®)  KESEAR [V(hm? - R) ]

CK — —
CM 45 —
PA — 7.5
CP 45 7.5

1.3 MEdshs 5k

+3% pH {H A1 EC {HH 5:1 Kkt ke, 4351 pH
TR S 5 5 R B R A A E L (R
2 e H AP S R TR - SRR — Al
A, PLRE Z U e A & E; H0.5 mol/L
NaHCO, 248, SHE6 P L ik I 2 A sl & i
ZEBE T AKFZHE, 767 500 v/min FE.OJE, H
0.45 pm JEMERT 8, U8 B 20 Hr A0 7 K
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PP KA LA S 5 42 mol/L S AL
O SS , IR 4 A Shib=A 4 M U 2 4 25
AMSR ST H,

- SRS VR I Ry A AR R (SR
H4wRmi10:1) PRINARKGIKY, 2855 -5
SEIERE TR I s H A S A S RSB, Hidok
FRBEHE MR R XS ESE (pNP) 3ksE , A/t
B UM AR 7 A 0 SR B 14 5 VR B pNP
pe/(h - g) KIOR" ) TIEZ ISR Y 2o iiE
ZM (DOPA), HE/IN Aot + + b IR 1 =2
JEE /R He FE DOPA mmol/ (h + g) degeRt ) LM
BTG DL A 2L S Ak PO A (INT) AR,
F AN A a6 AL =B B (INTF) i
W RE INTF g/ (h - g) SKRFEREHEVER R,
1.4 Fdigb s

K HI SPSS 19. 0 #EATEHE A B AN 734, HIEL B
FIT2E53HTE (One — way ANOVA)  Xof A [i] 42 34 ]
ERml - A2 R R S RS PR T 22 R, 2R B
FEVEFXHE T (Duncan) K4, i —LR500:
e S S R S, % A R4 AT

2 HRE5SH

2.1 HIEfbspER R 2 R

it A WL B2 2 T 3 fb e bE i (3%
3), Wb pH IS, CPALFEIL CM AbFRFEAR T
0.34 NEAL, 22535, T CP A PA AR BE 35 HE
CK MLZEFEML T 0. 17 F10.09 4B, i 4b ¥ ja] 2%
RARE, H¥5 CKEZREE. 5 CM AHMLEL,
CP Ab¥ EC {H W E RN T 14.52% , i55.24 mS/
cm; ] CP ZbFEE PA ZbHIME N T 12.93% , HW&
ZZES D,

it A ML TG Ak 1 SR o PR, P R
71 (3R3), Hrb, WAk A RO R RO & o
F. 5 CKAHMEL, CP AbERAYAE RUHE & B iR i K,
H613.73% ; CM ALFIYRZ, HER A 250.98% ; PA
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RO, BEWE N 15.69% , H. 3 A4S Ab B A 22 5
F, HEAE . KBEEAVA S RE TS 15
BRwE—8, AN, CPAMS EE
FT PAALER, & PA AbFHY 2.66 1% 1M CP Ab
PR CM AL FRE 1,51 g/kg, HESARE, 5
CK AL, CP &b B K ¥ M A MLBR 3G IR e K, K
36.27% ; CM Ab3YRZZ, PA AbFREF(E, Hod PA 4b

F5 CM AbFE2E oA B3, (IS CP AL FE 2% 53k
W, S IEESENS, CP AR, 5 1.53
mg/kg, {H5 CM, PA WiAbH 2% R B % Hift)s
AR S R A AT BE WA, Hd cp ik
PR TS A S i, M 6.69 mg/kg, WEE
T CM A1 PA AbFE, {H CM, PA WikhHijE 2 5 A
[T

*3 AEHERLE T ENFERIETN

el AT CK CM PA cp
pH{E (H,0) 8.47 £0.02 b 8.64 £0.02 a 8.38+0.03 ¢ 8.30 20.03 ¢
EC i (mS/cm) 5.06 +0. 64 be 6.13+0.07 a 4.64+0.19 ¢ 5.24 +0.05 b
HHUE (g/kg) 5.96 +0.46 b 16.56 £1.15 a 6.80+£0.32 b 18.07 £1.16 a
A (g/kg) 0.28 +0.02 ¢ 0.47 +0.03 b 0.35+0.04 ¢ 0.73£0.02 a
HRE (P mg/kg) 0.51+0.02 ¢ 1.79 +0.14 b 0.59£0.04 ¢ 3.64£0.16 a
IKEEHEA PR (mg/kg) 182.98 +8.09 ¢ 213.78 £10.70 b 206. 30 = 10. 25 be 249.36 +13.57 a
KEHAHLA (mg/kg) 6.31+0.13 ¢ 10.47 £0.84 b 6.40 +0.10 ¢ 16.30 £0.99 a
AR (my/kg) 0.74 £0.16 b 1.28 +0.48 ab 1.03 +0. 15 ab 1.53+0.26 a
HEZA (mg/kg) 3.19 £0.09 ¢ 4.60+£0.29 b 4.34 +£0.50 b 6.69 +0.55 a

e FATEER A RNG FRERR 2 R B B E K (P <0. 05), T,

2.2 HHERGTEPER AR L

RO RS B, — 5 T it 2 0 2 S0 A6 B 4= 11
BETE (K 4), Bt o — BA B RS M S,
MZB A CP A M s, A 1.78 pNP pg/ (h -
g), CM FIPA 4bFRk 2z, CK e fik, H.#%A4bBHE] 2%
S RE, HIERERERRERS A RS o - #A
BFEHFRE—2, 5 PA AbFAHLEL, CP AT CM AbERE 435
B — A WE O IE M 4r A W N 662.07% |
354.02% , H=FzZ R ZR ¥, THILT B

AR SRS VR RS B - M i3,
MEIEZ B AR TEPEN S, CM | PA FICP Ab
FROM 5 EE CK W MY 422.96% . 84.99% Fil 747. 46%
H 3 Aabsia 2w, Hrb CPp b i, ik
38.39 DOPA mmol/ (h -+ g) . i JIEf& 38 It & il 7%
Pt g T B ARk, CP Ak B Y I B G 1 B
B, HO0.11 INTF pg/(h - g); CM 1 PA &bk
2, 5394 0.08 F10.07 INTF pg/(h - g), M&EZ
[2ERARE, HY5 CPAMERRE,

F4 ATEHEAEALIE H IR EENTL

ARG CK CM PA cpP

o — FEIETES [pNP pg /(h - g) ] 0.28 +0.07 d 1.19£0.09 b 0.55+0.06 ¢ 1.78 £0.10 a
B - WG [pNP pg /(h -+ g) ] 0.73 £0.06 ¢ 3.95+1.05 b 0.87 £0.07 ¢ 6.63£0.43 a
JLT T [pNP pg /(h - g) ] 0.35£0.07 ¢ 4.04+1.68 b 0.85 +0.04 ¢ 5.69+0.11 a
AR ILAREE [pNP ng /(h - g) ] 2.51+0.22 ¢ 4,25 £0.06 b 2.88 0. 14 ¢ 8.71%1.12 a
BRPERE IR [ pNP wg /(h - g) ] 16.69 +0.99 d 29.22£3.40 b 24,36 +0.46 ¢ 34.381.14 a
Z i EALEE [ DOPA mmol /(h - g) ] 4.53+0.43 ¢ 23.69 +6.28 b 8.38+1.00 ¢ 38.39 +0.96 a
Jii %8 [INTF pg /(h - g) ] 0.030.01 ¢ 0.08 20.01 b 0.07 £0.02 b 0.110.01 a

2.3 R A R R R A [ 5 A
il - A S 1 A A A 5 o 2 e R A AR AL

(% 5), RPN TRLTFRILR G k5 1L
PR, e — R L RE S £ e L A T
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P, HHEMY pH (B, A HLTONIA ROHE 5 i A2 A
TR T o - WA R R, TR B
— WA B RS2 A ML AR A LS
AL FER I AL T R S, L
ZAPURHKE A Pl & A2, W Al 2L
it R LTRSS 19 92. 4% 3 58 E IR A AR Ak
BEG PE A AL BR T 2 A HLBRE W oh, i 5247 20k

R IR A S O el R S R,
AR A b A A A AT AR,
AR AT i TG AR SR 92% , YRR Z A AL
BEEE AR B B2 AP KRR DL . A
i Y SL RN o S ST AR AR TR
Bz, TEZ pHE., &R, KIETEA P
R ILE R,

x5 ESEBMINAFERSHEEENEELDEASTEREE

R R P

S = ) ) ok
P ﬁxi G AR AR A gﬁ; g;g wsn wam T

o — AT -0.00 0.38" 0.91*  0.95*  0.93"™  0.82* 095"  0.51*" 0.55*  0.99
B — A M T G -0.00 0.43* 0.89™*  0.94™  0.92™  0.82"  0.94™  0.42 0.65  0.96™
JUT B 0. 00 0.51" 0.8  0.82*  0.82™  0.78™ 0.8  0.35" 0.48™  0.92*
SEER R AL Kl -0.08 0.20 0.63 ™ 0.93™  0.96"  0.76™  0.90" 0.43" 0.77™*  0.98™
T P 2 -0.01 0.25* 0.75™  0.77™  0.77"  0.74™  0.72*" 0.72" 0.30" 0.92
Z A AL -0.00 0.39* 0.89 ™ 0. 94 ™ 0.92 0.85 " 0.95 ** 0.41* 0.59*  0.98*
Jit it -0.16 0.09 0.52™ 0. 64 ™ 0.62* 0. 85 *** 0.61* 0.47™ 0.19 0.98 ™

. PNHIE AR, Fon AZ RN A RBAR ;o W ong M T RE R R A B R, e i R A o DR AR e ) B A R L A9
- FIORTUAE, " FRTE P <0.05 /KFREHE, ™ FRTE P < 0.01 KFREMIRE, ™ FRLE P <0.001 /K0 FHKL,

3 e

AHUIE AR I iR . RIRA N
U, WiEsE T RIERBEYR AR R S YA,
- BC I B s AR R, R
RO L X - SRR TG A AT DU, O ER R R T
WAL+ RGN, e PR a2 A o) Al
PENTY AN, AR A SR b RS, T
EHN L A BRI R R Y R
JIARITE L, mT R LSRR . ARG |
WRGEANR 11 9 35 PR AR R, AR
P 7 R EREE A RPN 3 TR It Ak 2 )
P PR, XOFERZ, TR HORG IR,
—ZR SRR — 2

N ROV TRUE Y 0 i, AR AL
i, CEY AN R A DS DR AN
AT AE TR AR R, A SZIRYI R M
R ATAES TR (R BURYIZEUY) BIERE
AW AR R, Tt A RV D
ARES LA PILEA K, B, MIENARR &
KREAHIE, Oy SRR I T R sl R 26
WY, TS T LA YImg g r; Jk, +
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SR PEAS R I AN L SR e Ry T A LS
YIRS, TRESE | EER . RIVEEA AL . ASE
NP TACE AT A R A A I R, fi
IR Y B A B S e, Mg i
SERI) 43 YA S RG22 1 R A o B A AR
TR B AR 8 3R R, G [R] 8 E  SE il 3% 1 )
e APFFERIEIASA AR, BIfeR . A, B
TR A R R, LT B, R
P2 2 e JOAC Rt 11 A P 1 ) 722 1 40 52+ A L
B, R, AREENKEEA MUK . R AR
S, 2D B R BRBCHE S 25 5 R A R0
e o3 BN GK Sl 2 - SRS PR B2 5 . BTN BT
FARWIE T X — i BoJm, k3G IERAR
B RCAS B 5005 R 36 1 s U, BRI T R
M7ORIMER, PR T IEREAER R R, R
RFRW T R X AR B AT R A P 1, AT
N T B PR P Y
ISR T A, S BELE T A N kA
YRR, TSR I I e A% B 52 4, ki 464k
AR, HOE AT LR B A 1 SRR
AWTTER B, FEAL R S T A, i
Tl AR P 25 o T A AL B, ST Ak B R R AR
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fRiE PR RE Ty ik . X AT RE 5 A HUAE & A TR R
WA %, B T ZERO A Chu 2577 ORISR AR T
FHR A, AN BT 25 Rk, e 14 4 45
pH A, AWK, BIEM A (KA VLK
EAE AR 40T I I A AS [ R B ) R
Wi, Her ks A MR N4 R ) E BB P
4392k 0. 85 F1°0. 64, FH T - 18 Mo S I 14 AR 5 1
UM RARZ WA G M S 06 s i R 3R 1
fRIEED, W PR 2R S 3 I U PR AR R Y
K, T —L T,

AR, A HLACAE B 5 52 0 £ 3% pH
i, Hzm f R R St A MUIE PR . it &t DA
it FF e B st Je) 4 A 06 ARG A, X2
SRS it AL FRAY) pH 0 5K T b iy 2 A
FIREIRE R AREE M (pH {Hh 2. 88) A G iR T3
1, AT, 3R TE M 5 88 pH (EAHC
PERBE, BEPBE R4S R S F T X — 4%
Feo TR A XA, K AR A TR] H ]
RIS KNS, ]t 7 i 2 LA 15
T WA g it — 2P gk

4 it

AR LI, A2 KB RO BT pH (H
EC B350 7 1% T Lt 0 2 b 3 558 BTt A 1 VR Ak
B, bt FH RS2 A B YY) - 49 o e R T )
Ther, Hr, BoREAbERm 5. AR, KIEHR
Bk . KA VLA S A & 5 B & & T HAbL
B FREARERA T HE o - AT, B - MIAIPE
fitg . JUT Wi, oM SERREG , mbERE G, £
gy AT RIT 08 S A 43 A1) 50 Pt X5 286 A R W 2 3
11149. 58% | 67.85% . 40.84% . 104.94% . 17.66% .
62. 05% #137.50% . WA 53 Br & B, +3EA ML,
R ARG A PR . A& E AR it
IR PR, LE TR, R3S A
Al EREARER IR 09 pH A, JFRE B L i AR
Bl 4= 355 & R IS 1
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Effect of chicken manure co-applied with pyroligneous acid on chemical properties, enzyme activities of coastal solon-
chak soils

ZHOU Hong-juan' , GENG Yu-qing'*, CONG Ri-chun®*, YANG Ying', TANG Xiao-qian' (1. College of Forestry, Bei-
jing Forestry University, Beijing 100083 ; 2. Chinese Academy of Forestry, Institute of Desertification Research, Beijing
100091 )

Abstract: Organic fertilizer is an effective way to alleviate the degree of soil salinization and improve soil fertility. In order to
evaluate the impact of manure treatment on chemical properties and enzyme activities of coastal solonchak soils, the manipula-
tions composed of coastal solonchak soil (CK), chicken manure (CM), pyroligneous acid (PA) and chicken manure co —
applied with pyroligneous acid (CP) were conducted by using soil culture method. The results indicated that soil pH and EC
value under CP significantly decreased by 0. 34 and 14. 52% in comparison with CM. The nutrient contents and enzyme activi-
ties of coastal solonchak soil by applying chicken manner ( CM and CP) were significantly higher that under PA treatment.
Compared with CM treatment, the concentrations of total nitrogen, available phosphorus, dissolved organic carbon, dissolved
organic nitrogen and nitrate nitrogen under the CP treatment significantly increased by 55.32% , 103.35% , 16.64% ,
55.68% and 45.43% , respectively; Meanwhile, the activities of a-glucosidase, B-glucosidase, [-N-acetylglucosaminidase,
leucine aminopeptidase, alkaline phosphatase, polyphenol oxidase and dehydrogenase increased by 49.58% , 67.85% ,
40.84% , 104.94% , 17.66% , 62.05% and 37.50% , respectively. Regression analysis indicated that higher contents of
organic matter, total nitrogen, available phosphorus, dissolved organic carbon and dissolved organic nitrogen enhanced soil
enzyme activities. In conclusion, chicken manure co-applied with pyroligneous acid alleviated pH, improved nutrient content
and enzyme activities of coastal solonchak soils.

Key words: coastal solonchak soils; chicken manure; pyroligneous acid; chicken manure + pyroligneous acid; soil enzyme

activity
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