ERIESR R
2017 4F 1 A

+ e iR
ACTA PEDOLOGICA SINICA

Vol. 54, No. 1
Jan., 2017

DOI: 10.11766/trxb201603170607

AT, AREEXIES N RIESE T REER

e
R% %

k&N R

ERF Ok o# K F
ﬁtw

(1 dbmt Mol Kbk, dbat

2 /N
TREE

100083 )

(2 Rk s S AL A B E], R 300457 )

m E

RIS FE R B, it A el b3 5400 11 D0 DR I B8 i 351

(43 RTINS ok g : P i

)% PE s, AIF S R IR S0l A 7% 02 00 e ke R e £k R m fe BEARE T o S5 ORRIT, TR BE-F 07 K
A65@ﬁ%%ﬁ%&m¢ﬁﬁ(?ﬂﬁgﬁ@@)%%ﬁt,ﬁWWE%%%E%Vﬁi%wU&

IKIE AN B T (Na ) FE
WET (s07) &
% [ia] 42 ¢ {&ihmia@k{ﬁ PENa*FICL A&

BT (Cl) maE

» BRI 22 35 - K I PEAS B T (Ca™ ) KR
%%WE%%AEMﬁ@,i%%ﬁi%%%%ﬁﬁﬁ@%t#oﬁmﬁ%b
UK,

(ELA [ 08 it A B 4 4k B I O TG J 35 25 5%

AR 2 SR, A A A Vel MR B 75 400 1 DA TEDRL D B0 e 081 ) B Aty L, IR N kg m 9B 418 &

0.4 kg m LI, LA BRI REERROCR .

K52 RO s
FEISES S156.4%2 X kRIS
bt 5 F6 2 5F st 2 pg bR & R, W

%&%@mo&l@
VTR

@@ﬂimi%ﬁﬁmﬁ@
Vb X ER B 207 1.3 x 10° km?

TR R BRI, HARAR R R TR
WERT I, 255 PECEEEAOERGIIL Y AR Y

AR R TR B A ARG R sk
AL AZRR TR RS O, RS
o BL A 5 IR R D 7R R R L A R
%ﬁm%ﬁﬂ?%lﬂﬁmwaﬁ% 12 33k £ 78
AL FI D CO L R, T LA 4k ik F)
1147 ¢ kg"éﬁfﬁﬁ&ithiﬁ, I ATl Ay 25— % e |
( Eisenia fetida ) "™ . %0 W) 5 R0 MR
H AR A0 A0 T HE I 08 FE N R E 1504 S LAk
0, TR AR IR T A K B M 3k A T i )

PAMIEF Y Wi H

AR AT RE SR AR I 0 Ak, KT
i ) R G (] ) A A R SRR (R 4% KOE2
S SRR, I RIS ERN,
D £ 3k 5 3 4z T 14 el 0K B 3 0 10 A DR 26 1F
P 5] BE S AR e H 2

Bl o 0 2 R T ] b 2 A v i 7
HHLGAL B T, I 9 A B R A 2 1Y
)5, 75 e b B S rp s i — 2 OB 23 RE A8 J1E 4k i
WG B 1 v i ) X A S ER A 3
IFIE A L R S AL, o R R R B
BRREIR T, 4 i, KaMER S [
IRIRBE 3 ML KI5 Gt o A 15 G Eh B g ek R
RO OB RS MR R epH O AR
PRI AR ST S A AR R S, A

A RHEAT CMOl ) BEBF LA E (201504205) ALt i B E % 6L SR E PR S 0F S R B R AL E
( BLCXY201603, BLCXY201604 ) #:[E % B Supported by the Special Fund for Forest Scientific Research in the Public Welfare

(No. 201504205 ) and the Graduate Training and Development Program of Beijing Municipal Commission of Education of China

(Nos. BLCXY201603 and BLCXY201604 )

Tﬁlliﬁzﬁ Corresponding author, E-mail: lisuyan@bjfu.edu.cn
B, REEA, WA, RENFERSR MRS, E-mail: zhangtao5291@126.com
Wk B . 2016-03-17; Wl B ek H i 2016-09-22; HE2ekis i H ) (www.cnkinet ) -

fE# i sk W (1988—)

2016-10-17

http: //pedologica. issas. ac. cn



256 + 21

E

54 %

SCLATRTAG A8 I W 28 05 1 AR T & X i i 46 + 0 BT
XFG, BRUT T AE V0 e R 340 L R AR e 951 ) i
LN, RIS I £ 85 £ Xof e ] A L VA
(A VR o

1 MRS Ik

1.1 #HREXER

WF5E XA T MG 25 AR R X, 8RR
P R M 2 A, AEE R 12.1C, 1
A¥HRE-4.4C, THFEHRE26.4°C, T
210 do FEFHEKE627 mm ( Kb 75% % 1 5
%), REREANFEWNENIMGLZ, INZ Kk
K (LR g L), MRS E (R T K
TREESO em ) , #5 is i H3EER Bifk

T I8 i 57 T 70 M I 28 5 BRI & IX 2 B
B sk (38°23" N, 117°26' E, Ik 2
m ), SRARHE T R EUE 1 Hh s T Y TR R i

% R 56 46 5 290.8 m, {H A R BUT Al b 3
s HEER G, R TR L AR E T, TSk
WFRAFTAG AW ( Fraxinus chinensis ) . E#
( Sophora japonica ) . 2M) ( Salix matsudana )
MEHAH] ( Paulownia tomentosa ) &, KX 5
S b - e A B - Y S B ML R ST 4, H
FRACPE BT AN R LA, 4% - HE HURE A 349 R & 30 e 15
EIEI=ST
1.2 kel

I WA H W IR B LR A
FRAF, HpHZH2.5, EEW 5 MCaS0, « 2H,0
(A ERE94.6% ) 5 W5 FHZLBE N B 24 3 it
HAEREM . B A EME 5% ( Composted
green waste, CGW ) MU b0 7 s BH DX bel g Ak
FERW ML, BARHEG S W Zhang % 20 1Y
T BOEAE Ty vk o R B AR % S A M B SR 1
Fi7m o

B CE. fetida ) Wi 5 A6 5T S XK

F1 REXTIRREKREFIRLIER

Table 1 Physico-chemical properties of the saline soil in the experiment field site and the composted green waste applied to the saline soil

pH EC (mSem™) 25 Bulk density (gem™)
JE A Original soil (0S) 8.14 + 0.06 4.26 £ 0.03 1.488 +0.024
24k % + Alien soil for greening ( AS) 8.01+0.16 1.33+0.09 —
FEl B 354 Composted green waste ( CGW ) 7.51£0.01 6.18 +0.00 —

IKEEPEEL 7% & Content of soluble salt (g kgil )

HCO; cr SO; Ca™ Mg™* K* Na* 4=hTotal salt

JEAHL0S 0.31+0.03 5.98+0.09 1.47+0.03 0.28+0.02 0.180.02 0.05£0.01 5.16+0.06 13.43+0.14
G4k % 1 AS 0.43+0.06 1.56+0.16 0.67+0.05 0.08+0.02 0.07+0.01 0.05£0.03 1.63+0.03  4.47+0.10
FEIMEFPICCW  0.82£0.04 1.96+0.01 7.17+0.08 2.37+0.01 0.88+0.01 7.17+0.15 1.19£0.08 21.57 £0.25

e IKEMECOT A K Note: Soluble CO3 was not detected

PR A HLICE T, W o] 5 ofs ik i) T 2 A £
TR IR T, JFFER A TR 1 cm 509 AR 5
Yy REFABAYRHERETE25% (£ 1%, WIW) 7
AR RE B AL, DA e 0] 35 R 3 56 IR o o iz 1]
MW IR AN A TG, A IEW, O R
B, AR N5 A E BE AR [R] (1% e 1] 144 7
1.3 iRt

N R W A A O 1 B 1 B N P 5 BT £
WE2MNHER, 55 ABEAE (Phosphogypsum,
Pg ) MIZL B ( Brown sugar, BS) ; ®HNHEHE

WEAN KT, HAdgha @i HE o kg m™,
lkgm™, 2kgm?, 3kgm? (HIPg-0. Pg-1,
Pg-2. Pg-3) , ZIBEiti & A0 kg m™>. 0.2
kg m>, 0.4 kg m™>, 0.6 kg m™ (HIBS-0, BS-
0.2, BS-0.4, BS-0.6) ; &P RMAIRE KNP
WA, Hit1eqab s, HrppPg-0, BS-04b B
A Sy FGS I AR S JT O ], TR B
B AT BZD A b 3 A Ak A 56 DX P B AL 3
i, BAAH/NX A 12 m®, AL 3R A
(P. tomentosa ) , I3, HR 4 T 1 46 1Y)
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HH I (8 S 474 i
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T (CI7) SRAM MR ik (FRME ) WE s 45
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EDTAM 445 G ke ; M1 (K M
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1.5 HiEaE

LW BE R F Excel 2010 52 SPSS 183474031
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PbB ANl b 3 E fy 22 5, ZE LB RAEE
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)2 57 kL
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2.1 MEBI5BMREFENG LIEpHT &

FE it A FEL BRI 5540 5 5 0 5] ) 6y 1, s
WA RE S A AR AR il R e pH, AR LR o
5Kl A BB AL (Pg-0) ML, MiABEA
FHes B E R LR pH, BRI B4 &
AbFREITC 3K 25 5. WA RE AR R AR ER B S p H
45 SR 5300 B 4 U B E RIAT I AT RE R A B
PR A 108, WA B 2 7 ) TR A ) P i 7 Ak 2
B0 T 7 A R R U, A R sk B, (AR
WA A B pHEAS (AR Y i G B pHA
2.5) , XAEMW R WA EE H A pH; K,
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B HA — 2 W28 w1 o
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R

I R, it A AR S R R
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(Pg—1) B, FHXFER A A 38 p HAY B AR AE A S 1 G
o I, Z56 % ERAE A B AR S AR
(1) p HOGE el AR g AL A 4 vl BE = 2B s e . DAL
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GECE
22 MEBSHRFEAFLIECA RSO EETK

i oA B i) EE R A CaS0,, Rk 1
R Ca™ J2SO; 1 2t 35 Bl 1 1 785 ill A St 179 184 1 34
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per square meter (kg ) , BS—y (y=0, 0.2, 0.4, or 0.6)
indicates the quantity of brown sugar added per square meter
(kg) ; different letters represent significant difference between
treatments at p < 0.05. The same below
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Fig 1 pH of the soil as affected by treatment
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Cl7, HIELE it Sty xtmad = A iria
B PN i ) B R 2 R R A ), REAEE
L, ®8 mit A ERE

2.3 MBS RAIENRLENSRCIEEL K

TE Al AW AT EF (AL B R (Pg—0) , BEELL
WA MR AR, RZ L (0~20 cm) FHINa*
TR ER MG A AT NAB S, B
CIBERAR GRS W E PRI R)Z L IENa S i, (AR
ZUREAS I E R T (EI3) o U AL
Na ML, FERMEA AT AT, BINLp
et B H AR RZ LR CT &, MEWOE
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Fig 2 Ca® and SO contents in the soil as affected by treatment
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Fig3 Na"and CI” contents in the soil as affected by treatment
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R M| g EE A L R A BE A B AL EE (Pg-0)
BEE LA iR, REZ L ELRERET
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A, JUHIEPe-2FPe-34b B, Jifi AZLHEAR
X AR o A (K4) o 3l O R
JRRFTREA PR, e, W Tl AL 280w
TSI B, DT R AR T ek m A 1 Y 2 R AE
s ok, BEEBEAE A SR &SR KE
Ca’ SO &Xt R 2 e r=A Wgim, i
i W1 Bh 3 N RE U ) it A A R Y Ca®t K SO5
SR, WL RE a8 £4
BT B 45 57 A= 52 )

AR AT % B A5 BE S R AIK 4%
S U AR A EEA RS T E
BEE, tEedEs kAR, YA EEA R
H1 kg mPHF (Pg-1) , RELFELEESKEA
WA B (Pe-0) HILA B EMIEAL; BEE

A AR S, 22 RIS A [T
P, I HRLDRE AR 0.4 kg mTHI0.6 kg mTHY
AbEE (BS-0.4. BS-0.6) ; BB A &L T
3 kg mHf (Pg-3) , FKJZ LALLM 5 E S
TRl A BB R (Pg-0) , Xt TiiA
CTHE T A2 F e 5] L R B A ok R e Y ek R A
L, ARG AR (Pg-0) 43k AR
W . BARRZE LI IINa U & B BE A B
AEMA RN EN (E3) , Hca™ &S0 &
ot (E2) , Hib, RELEedid kAR
S S5 SRR 5 KA

B4 Tt A B A0 R e 20 X AR i S pHL
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—
(=3
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Fig 4 Content of total salt in the soil as affected by treatment
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Fig 5 Amelioration effects of saline soil as affected by treatment

Rl HEFEERTHIENRME

Table 2 Cost of saline soil amelioration using the recommended measures

S M ¥ Price indication

JFH & Amount N A<Cost ( Yuan m?)

[l #K % 7 9) Composted green waste

W5l (IR WEMS ) Eisenia fetida 30 Yuan kg™
5 A1 B Phosphogypsum 190 Yuan t™'
21 ¥ Brown sugar 4 400 Yuan t'

H3tTotal —

420 Yuan m™ (335 kg)

6.5kgm™ 8.15
167 gm™ 0.50
1 kgm™ 0.19
0.4 kgm™ 1.76
— 10.60

. REEB LN T A Note: Cost for transportation and labor work are not considered
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ER SRS A K, =4 3 2 AT W
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ZUR AT AR A R Tl f &P S AR e, andl R
(1920 Yuan t™') . HEE#E (700 Yuan t') . B
% (1200 Yuan t™') 2%, AT BEAK R BIAS

3 45

AHEFEER T — IR IR 5 9 U5 0 BV T 3h Bl
TR T, BRI P J7 oK s 6.5 kgl
MR FEYIE R R B S04 e 5] A FE ik L, i 4h
i 1 kg m BT FN0.4 kg mAYZIRE, DIpE—
AR Z e aR AR, DU R T S RO,
FEAR I AR Eh B A B 2k o 5 LAY TR R
RAEMAR LG, 2ok BT R AL, A THE, JF
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Effect of Amendments of Phosphogypsum and Brown Sugar on Earthworms
Ameliorating Coastal Saline Soil

ZHANG Tao" * LI Suyan'" SUN Xiangyang' WANG Zhenyu® ZHANG Yang' ZHANG Le'

GONG Xiaogiang' ZHAO Xiufang® XIE Zhiyuan® SONG Guoxiang’
(1 College of Forestry, Beijing Forestry University, Beijing 100083, China )

(2 Tianjin TEDA Saline Green Research Center Co., Ltd., Tianjin 300457, China )

Abstract [ Objective] Coastal soils in North China are extremely susceptible to salinization because
of the geographical and meteorological conditions of these areas. Nowadays, soil bioremediation has proved to
be an effective and economical way to ameliorate saline soils and hence been extensively applied. However,

researches in this aspect are mostly focused on phytoremediation by planting salt-tolerant plants, and little
has been done on use of earthworms or other soil animals. The first phase of this study demonstrates that the
introduction of earthworms Eisenia fetida using composted green waste as its food source could help lower
salinity of the coastal saline soil in North China. [Method] In order to improve the efficiency of using E.
fetida and composted green waste to ameliorate saline soil, a field experiment was conducted on addition of
phosphogypsum, the conventional soil amendment, and brown sugar in an attempt to determine whether they
may help improve the efficiency of the bioremediation. The experimental site was located on a tract of typical
coastal saline soil in the Lingang Economic and Technological Development Zone of Cangzhou, Hebei,

China. The field was divided into plots. Each plot, covering an area of 12 m”, was amended with 6.5 kg m™ of

composted green waste and earthworms at 50 individuals per m’ (average weight 0.334 g) . In addition, the

plots were applied with 0 kg m™, 1 kg m™, 2kgm™, or 3 kg m™ of phosphogypsum, along with 0 kg m~,

0.2 kg m™>, 0.4 kg m”>, or 0.6 kg m™ of brown sugar, separately. [Result] The experiment went on for
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one year, with results showing that the addition of phosphogypsum could significantly decrease pH of the soil
in the treatments applied with the same rate of brown sugar, however, the effect did not vary much with the
amendment rate of phosphogypsum. As Ca> and SO, are the major component of phosphogypsum, application
of the substance significantly increased the content of soluble Ca®* and SO} in the soils the same in brown
sugar treatment. The Ca’ in phosphogypsum helped formation of soil structure and promoted desalination
of the saline soil, while reducing the content of soluble Na" and Cl™ significantly; the amendment of brown
sugar stimulated activities of the earthworms, thus facilitating formation of soil aggregates and hence
leaching of salts, and eventually intensifying the effect of bioremediation. So in the treatments the same in
phosphogypsum amendment rate, addition of brown sugar significantly lowered the content of soluble Na" and
Cl™ in the soil. As affected by the contents of soluble Ca™, SOi_, Na® and Cl™ in the soil, in the treatments
amended with 0 kg m™ or 1 kg m™ of phosphogypsum, addition of brown sugar significantly lowered the
content of total salt, but the effect did not vary with its amendment rate; however, in the treatments the same
in the amendment rate of brown sugar, the content of total salt in the soil increased rather than decreased
if too much phosphogypsum was used. [Conclusion] Aiming at lowering the content of total salt, it is
recommended that in addition to 6.5 kg m™ of composted green waste and 50 individuals per m* of E. fetida,
1 kg m™ of phosphogypsum and 0.4 kg m™ of brown sugar should be amended in bioremediation of the coastal
saline soil in North China. Compared with CK ( nothing amended ) , the amendment of composted green
waste and E. fetida significantly decreased the content of total salt, and the effect was further enhanced when
phosphogypsum and brown sugar was added at a recommended rate. The cost of soil amelioration with the
above-described method is only 10.60 Yuan per m”, and it would be lowered if brown sugar is replaced by
some by—products from the sugar industry, such as beet pulp, bagasse, and molasses.

Key words Coastal saline soil amelioration; Earthworm; Composted green waste; Phosphogypsum
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