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 OE: AR X A, RO B RS RERR N TR R R, R | AR S A R AR R AN IR P e Tt
3R TR R e A F RN pH AR A SO AR AR R R . 2R RN, DLE S TR X AR R e
HU, AFEMERERFEEL 9 - 1 4A7E 3 000 Al 4 500 kg/hm’ F R T , 0~ 20 om H3EREER R 47T ot A £ 8 sl b
FRAL B s T G AT R A BEXT R AR P SRR I, X IR 7= 29.8%, LK E , M IX B ek B BT . AR A R
HECEE 9 1LIRATH 3 000 kg/hm?, AN 0 ~ 20 em 43085 Eh AN IR [ 24.3%, ARAEHST 24%,

KB HHEMR; i HENRE; HHER SR, TR ErR
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Effects of Combined Application of Gypsum and Humic Acid on Improvement of Saline-alkali

Soil and Cotton Growth in Arid Areas

WANG Xiangping', YANG Jingsong'", ZHANG Shengjiang®, YAO Rongjiang', XIE Wenping'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Xinjiang Institute of Water Resources and Hydropower Research/Xinjiang Engineering and Technology
Research Center for Water-saving Irrigation in Agriculture, Urumqi 830049, China)

Abstract: According to the characteristics of saline-alkali soil in the experimental area, the gypsum and humic acid used alone
and combined to mitigate the negative effects of soil salinity on cotton growth. Soil salt content, pH, plant height, stem diameter
and yield were measured during the cotton growth period in order to determine the optimal soil amendment for the test area. The
results showed that 9 : 1 of gypsum to humic acid with the application amount of 3 000 and 4 500 kg/hm? had the better
desalination effect in 0—20 cm soil than those of gypsum and humic acid used alone. Humic acid used alone had the best effect on
cotton yield, increased by 29.8% compared with CK (no amendment). In conclusion, the optimal soil amendment was gypsum
combined with humic acid with a ratio of 9 : 1 and with the application rate of 3 000 kg/hm?, it could decrease salinity in 0-20
cm soil by 24.3% and increase cotton yield by 24% compared with CK.

Key words: Soil improvement; Saline-alkali soil; Field experiment; Soil salt content; Arid areas; Crop yield
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(AH . REAHE . BaEss) ., RIEY BB . IR
AN R B HEIR . TR . ARSI H
B RS HE R T HIA B AU R, e R Al A R
Bk RSP A g RGE , HITR A A RCR 78
AR R A TSR S TR A A 2 A R
A AR XIGR A I 134 R
TS T BT A B SR A i R RO AT, &5
W, it PR A B o] B SRR AIR 0 ~ 20 om 3RS
N pH. Zhao ZEPHFSE T IR SR A B 4 2L 93T
ERm S RACE, 85 R B, A EEH 2a )5,
398 SR pH T R I 38.6% 1 14.6%  Jif g5 25114
/N A SE ARG 4 R, ORI S AR IR v P A+
B pH AL T3, 0N ISR IMEST ST
B, RSUAAE A 7 R e T ot o Y5V b IX v e e+
B ROV B, WT Rl R BRALPERE, (R
A o BEUSIA Sy JE A £ A A R e T
FIER O TR, BRI . pH AL
Bacilio SFUFST A, 38 o0 it FH JES A 92 7T st R ik
B 2L YU O 5 I T T2 w1 N 2 1 S = |
Xof AR B Ak - S ER AL B ) R TR R DX b A
R UK A KK EHURR LD, G800a
B R R S L TR R X R B e R
RORFRRAE A K sy, FREEa IE. L,
AR SCHERT S Y SERE b, BIF5E A0 8 FIUBS AR R A [ i
Fb B HE A ()i P A % R R B X+ b4 S 5 . pH
FIARAE AR K (R B2, 3R 2R 12 L XA 85 R A R e A
FBC R gite &, LARA iz b IX S i 76 PRk R 343t
—EMFES %

1 XRS5 E

1.1 REXER

TR0 7E BT L A S VA MM K R A AL
BRI G 3 HEAT(41°36'N, 86°12°E), X5 XA T Fg 5
PSR T PG JE R, Ak TR 1L g RS HER 2 ih 2 AL,
FETT RO JEAT 5 JE B KRBT A, T
WY, KA, Bz, PRI 115 C, B
TR 191 d, HEER%L 3 0362 h, AFEFHRERTR 533 ~
62.7 mm, PWAEZEAR 2273 ~2788 mm, Hi R KAHEE
£ 1.4~2.4m, RIS HHIEAIMERTANER 1 R,
1.2 A&

TR0 1 R AR R A N 2s o L 9 A4
(R 2), RISEXTIRALTE CK ., Huifif B AL BE | PRt
FEERE R AL B, LA RAR Al A B RS AEL R A [ Tt I 1L 1%
B2 OFPEC AN, AR RS L P AR 3 M &

F1 X EBUMER

Table 1  Soil physiochemical properties in experimental area

+Z(em)  Ehsr(g/ke) pH AE(glem’) IR
0~20 9.88 8.42 1.57 i+
20 ~ 40 10.73 8.16 1.64 ibHr 1
40 ~ 60 7.34 8.09 1.54 i+
60 ~ 80 2.30 8.58 1.45 i+
80 ~ 100 1.35 8.92 1.51 i+
Hrf, S ®IRAF, FRRBEMR, L RRKHE,

M #EZaR R, HEREHE, 1 R —, 2%
ARBCT o RIS AE H RN T, ANXK Tm, SRR
4 ANFEREGERE L) 6 m, L[] IR T DX 3R SR R
DI, PRI IR 1T, 2 BREALHES . A<
R A B B 25 BN ETE R K X I 4
5o P A IR A B S SO B AT R A BR A Wl 2B =, L
HIEAEIR (T55)=60%, HEFERIE N 450 kg/hm®. £
B AEA R A RR) F E H OE T EAERR B A
5#F2 L HERA) .

HERVEY ARAE, T 2017 4F 4 A 24 A#ERD, it
FHIEAEMERR — 4% 750 kg/hm® | BRIEREP 75 kg/hm?, /K
Dy 2N BT, FH (R B ) 2 b i R R — 2

Fz2 A

Table 2 Treatments of experiment

Qb R JH 4 (kg/hm?)
CK Z=H 0
aE 4500

F JE AR 450

L1 AT (90%)+HE HITR(10%) 1500

Ml A (90%)HEHEFR (10%) 3 000

H1 117 (90%)+ B AR (10%) 4500

L2 A (95%) IR (5%) 1500

M2 AT (95%) R (5%) 3000

H2 A (95%) B HITR (5%) 4500

1.3 MEmMBSAZX

M R AN pH M AN R R AT AR
ARG, 3 5I7E 0~ 10, 10 ~20, 20 ~ 40, 40 ~ 60,
60 ~ 80 F1 80 ~ 100 cm - JZR4E 1 HeAe &, il HoAR
ﬁ"‘ﬂﬂl pH, Hrr, T8RS E R KR L

D5 HLRERINAE, pH SR KB 105 A7k

UE"JEO

FRAEA AR E « TEMRALAE BT, A/ DXk
TE 3 MRIRAL , 5 1R PR RUFE AR - R 53 3 e oAk
TR FIZEA . FEGRAT, 7R X e f— i A H
Xk AR AEAR BRI RR B T o, JFREMLRSE 50
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S R PEAT R AR A, AR I T AR L AR AEARR L AR
BB 50 i 82 B T3/ DX AR AL i . T REDT
07 5 — B s, PR L S IR A7 e DA /N XA
1= w L) 0.85,

2 HER5HH

21 AEMRFNTEESSEHNRE
R 3T LAE A RIS RS, 0 ~ 10 cm
+)2, SR 4 AR A F AT CK,
UL HI AREE RS S Ak, O 4.72 g/kg, B
CK FEMK 31%, L1 AP +HEEh /&S CK %,
H6.78 g/kg, AT EAUTFRE 1%; £ 10~20 cm +
2, SR RS E I AL T CK, Hir
M2 AbBR I AR CK K%, N 5.07 g/kg,
HWCH M1 TS ZhBE L F b B R L A0 A R B /D
J7.13 g/kg; 7E20 ~ 40 cm +JZ, S, L2 1 M2
AbFRAN, HAbANFRER S-S IR T CK, HALL H2
ALY AbFE A SR oy B i ok, B CK IS it
2 47%, XA UL ZE R E R T, it FH el R
AbFR/INIX A 3R 43 T2 ) ) Rk s 7E 40 ~ 80 cm 1+

2, BRABIAERAN, ok B AL 1 oy Y
/NF CK; 7£ 80 ~ 100 cm + )2, 45 [ 77 &b 2+ 48
o E R L2 AbBEAN, 5 CK 254K, JE )
H A T A HEER 4> 0 A 1 3 AT 2 B, it g R 7 Ak
PR /N X A HEER /M TE 20 ~ 40 em - EA B4,
X A] e S BT AR AR AR B R T W O X, R
AT IR AR . BN EV WA g R B, A
0~20cm F2EHEN, HESEEZHEMAS,
£ 30 ~ 40 cm 2SI, A A FEAH HO AT R
EDBUE

BRI R AL FE 0 ~ 20 cm + )2 T3R8
TS CK L HEEh o 10 22 (A Ay il i 45 0 R AR R
fREIEER SRRSO, FTLURH, H1. ML,
M2, S il H2 Kb BRREARER 73 35 R Ay, iR
26.6%. 24.3%. 22.8%. 22.6% #120.6%; i F. L2
FLL b FEAE RO 7 TH A b T M AL B, ik
PN 11.5% ., 10.0% F19.9%. 1785 (90%)F1JE MR
(10%)Bc. L it FH A it FH >4 3 000 A1 4 500 kg/hm? A,
IR AR T M A F 4 500 kg/hm® FE
iR 450 kg/hm?,

F3 MEVWRBEARLELIERS D E(g/ke)

Table 3  Soil salt contents under different treatments after cotton harvesting

fb 3 0~10cm 10 ~20 cm 20 ~ 40 cm 40 ~ 60 cm 60 ~ 80 cm 80 ~ 100 cm
CK 6.86+0.80 a 791+1.64a 7.72 £ 1.52 be 9.90+0.54 a 325+192b 1.50 + 0.26 be

S 5.19+3.21a 624+299a 7.58 +1.77 be 9.00 +1.79 ab 2.18+0.82b 1.23+0.19¢

F 595+205a 7.13+252a 11.18+0.97 a 995+ 1.86a 2.81+£0.50b 1.90 £ 0.21 be
L1 6.78+2.45a 6.52+2.17a 11.32+0.71 a 9.99+0.39a 8.82+1.02a 2.90+045b
Ml 557+258a 562+3.03a 9.21+1.22 ab 448+049c 248+£0.55b 1.96 + 0.06 be
H1 472+296a 6.12+3.63 a 10.03 £ 0.38 ab 11.23+0.57 a 342+0.70b 1.62 + 0.25 be
L2 6.55+2.72a 6.75+2.13a 632+1.80c¢ 582+1.75¢ 9.86+1.86a 630+193a
M2 6.33+2.03a 5.07+3.27a 7.44 +1.09 be 443+138c 1.04 +£0.20 b 1.61 +0.52 be
H2 586+271a 587+283a 11.38+0.23 a 6.71 £0.98 be 1.88+£0.51b 243 +£0.32 be

T FFVEE G RN 7 RER s 4 A BRIE] 22 53 5% P<0.05 2 KF; TR,

2.2 ARBEFIT L1 pH B0
F 4 ARG A FEAR AL NN J5 1R pH,

AUEE, 720 ~10 cm +)2, B S kb3 43 pH W
F T CK b, HiAtbb# 43 pH AHES T CK ¥4 Frf%
fiK, Horp 2l M1 AR FRBEARACR o BRI, BEIKT 0.16
AN FE10~20 cm )2, BR L2 ZbBRAL, itk
R b B 4392 pH 34/8F CK, P 2L L1 AP RIS R
WL, BEIRT 0.22 AL THITE 20 ~ 40 cm )3,
s L2 Ab3E 44 pH BT CK 4h, HAt A3/ N CK,
HULL1 A1 HI RSO s A A 7F 40 em )2
PAR, T K Al )R VR R R, 4%

AbH A3 pH AR 0 ~ 40 cm H3EERIHA
AR 22 T 38 pH AR M REIE

M0 ~20 cm +JZHHEVIY pH ZBCEE, AF
5 R R TC LU it AL SR REAIS pH RBOCRZEAR T S 4b 3
L1, M1, HI Fl H2 Zb3EFEAS pH BCRILT F Ab3E,
L2 Kb H AR pH 23R 9 T F ACEE, M2 A BEFFAR 4 4
pH R 5 FACFEACRA Y . X T RERZ A E
A R PEREAR pH (Y[R, +-3Edh HCO, AR &
BRI, S8 pH FHE Y, R AR S
TLE R S AT BB AN R IR TR PRI RE AT, IR EAT
SR TE, 3 I R AW R A A 1 4 pH R -
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x4 BEWIREAFELIELE pH
Table 4 Soil pH values under different treatments after cotton harvesting

pl 0~10cm 10 ~20 cm 20 ~40 cm 40 ~ 60 cm 60 ~ 80 cm 80 ~ 100 cm
CK 8.56 +0.24 ab 8.20+0.28a 8.26 +0.03 ab 8.55+0.25 ab 8.52+0.18 bed 8.63+0.10cd
8.65+0.20 a 8.25+0.09a 8.16 £ 0.14 ab 8.15+0.16 de 8.68 £0.13 abc 8.79 + 0.09 abc

F 8.44+0.07 ab 8.13+£0.10a 8.16 + 0.09 ab 8.24+0.11 cde 8.73 +0.10 ab 8.99+£0.08 a
L1 8.41 +0.04 ab 7.98+026a 8.11+0.07b 8.15+0.05 de 7.99+031e¢ 8.48 +0.06d
Ml 8.40+0.16 b 8.05+0.12a 8.23+0.14 ab 8.64+0.11a 8.91+0.08a 8.99+0.14a
H1 8.47+0.21 ab 8.07+0.08a 8.11+0.12b 8.09+£0.07 ¢ 8.47+0.11 cd 8.87 +0.08 ab
L2 8.44 £ 0.04 ab 8.24+0.26a 833+0.10a 8.38 £ 0.15 bed 8.15+£0.08 ¢ 8.23+£0.19¢
M2 8.41+0.08 ab 8.18+0.17a 8.22 +0.08 ab 8.43+£0.21 abe 8.93+£0.10a 8.70 = 0.19 be
H2 8.45+0.05 ab 8.04+0.04 a 8.14+0.09b 8.36 £ 0.06 bed 891+0.07a 8.96+0.15a

2.3 ARMREFIZIEEE KRG

FReAdEWIE, 439F 201746 H 7 HAM 7 A
27 HXMRAEMR R . AR T T (8] 1), A
1A FTUUE H, FEMAEAE AT, BR CK 4h, JHAlkb
P JCH 225, H1 1 H2 AbFRRR SR, 4351
A 17.1 F116.9 em; TEAREAEKE], FACRRMRIEA
Kok, thEfers, N 64.5 cm, HCH M1 #l M2
AbFE, CK Rl 44.5 cm. M BEVEHTRE
12.0

PV E LS F o M1 AL M2 Ab 27 6] G 5 35 25 591
M 1B " LLE W, NEFEMRAAEA KRS 2 S
W, L2 AbHEARAE S i R . B CK Al H2 4b3E
A, oAb b 2R A AR AR A K S I 25 R TG B 25
B H2 ZbFE AL i FH i R ) A SR AL 25 34 B K
T CK, # 0l K7 A it FH 2 T AR AEAR R AE R W
WM, AR TRIZFR WA, {23
K

8 000

80.0} W 22017/6/702017/727 | (1 (B) #2017/6/7 22017/7727 7000t Qe e 635 11
__10.0 a B b by = o b ab b Z 6000 5872 5889
R0, | w Yo £ 307 b < 5000
= 400 2 SO Ml ||| | o | af| ] s = 4000
% 300 N 40} > o | 5E 3000

200 | | o | 2| af | | || ay| af]| 2 20 222000

10.0 : 1000

0.0 0

“CK S F LI MIHI L2 M2 H2
Ab 3

0 CK S F L1 Ml HI L2 M2 H2

CK S F L1 MI HI L2 M2 H2
Ib b3

(RE B R — 5 9 h R Rl /NE b 22 R A BRI 22 535 P<0.05 447K )
1 FAREYRFLGEMBEKSA). ZEHB)RFE(C)HET

Fig.1 Heights, stem diameters and yields of cotton under different soil amendments

MEH S RAE, M A T CK, H Ll F
LhERRAE T ER S R L, oy M1, M2 fil H2
REER, PR T 6 000 kg/hm?, AHEST CK, F.
M1, M2 Fl H2 ZbFEARAE = 53 M T 29.8% . 24.0% .
22.2% M1 17.0%; S. L1, L2 Fl H1 AbFEAR AL =Y
KT 5850 kg/hm?, 435Il b CK 3401 T 14.4% ., 13.4% .
12.7% #112.4%(1& 1C).

3 it

3.1 BRFIX L4 F0 pH BN
AFMALEES, Wit Ca® B #e+ A b
BEHAG Na i Mg™, (A 5 3 K e AR 725 Ay 6 o 7K e
T, DN 3t - S A a1, A3 T B ER A £k
YER, TRl AT DARFAR 180 pH . BALE K+ 351

N 5 B0 T AR R R M v ) T AT HLE
gy, — e di RIEAPUBY 60% At il 4
LA | e R | e AR
P 1R AR AT AL | [ A SRk R AR B
A OS2 R R R T T AR I
PRI Na B4R AE T, S A4 o R e
LR, ERFEEPIHR R, RN EEH XE
LR 55 41 FF BC Rt R AR ER S8R B o I PT RE S e T/
LR 14 BH 8 5 st it L — e M 10 AR, A
JEIR)G , L3RS Ca® MWLTRE ) AR, ik
T Na' SFikek, A2 L TR &
B AN AR IR A, A
JE L R TRt 7 140 R R+ 7 TR % 0 Nan 4500
WFFERW], WA 7 MR AR B , RT3 3 55K
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R, BEFBCEHEE Nat, Ol S pH, AL
R, AR AUERAR 9 ¢ 1 BCRtFR A% e
Al pH ORI T Bl A 0 S AbB . #E—20 40 H7
CK. S Fil HI 4P 13 Na*, Mg*" 1 Ca®* Z54L K5,
CK. S #l HI Z4b3 0 ~ 20 cm +4E Na" &&= N
0.239. 0.065 1 0.027 g/kg, Mg* & &43514 0.204
0.199 F1 0.166 g/kg, Ca®" &&E/r%14 0412, 0.504
10.644 g/kg, RIGLIREKY], S AFIAHIL CK, T4
Na" &8 T 72.8%, Mg™" &HE T 2.5%, Ca**
ErREINT 22.3%; 1 H1 AbEAH L CK, 3 Na™ %
B FFET 88.7%, Mg™ &t R T 18.6%, Ca™™ &
HHINT 56.3%, kL S AbHE, 3 Ca® N T
27.8%, Na'"&H N T 58.5%, KAHETHT Na"H
fetr, ENET AR
3.2 BMRFIXBIEEKAZM
MAEAE R Z Z R AR, X 0~20cm 1)+
R V35 i S AR AL P AR R S A, AR 2 Y [ET S
R y=—721.22x*+8831.1x-20682, R*=0.574, Jif%
PUA BT, Ul AE R AL XA AR 7 i 27 3SR oy
TR EOR , Fh o B IR XA AE 7 1)
BNE . LW iR B F e g R B, 7EE:
e 6 gkg L, FeRITIR RGN TREEHE,
XA 5 Fi AT BT SR DX 5 (A AL T 3 BB S AL, 5K
B ARG S IAE B s ST E X 0 ~ 20 em 3% ER 43
T 5.6 g/kg B, AR AEIET A AR o it R
AR T 1 3eh oo i, SRR HE TR AR R L 22
AR, $m Trmm. LU= a R E), Bl & g
B =K i CK<H1<L2<L1<S<H2<M2<MI<F, 0 ~
20 cm 12 RIEER PSS B ORBV MR CK>
L1=L2>F>H2>S>M2>MI>H1, [% H1 fl F kb3,
FAL T B HE P BAS 5 38 45 m A HE P AR B, Ui B el R 5
FEARER PO BT, A B ML . ARWFRE4E R
TG BRI 9 « 1 2G4 H AR T SC 3
FEIET™ 12.4% ~ 24.0% , IFHEHERE AR = FZER AR .
TR R T A R R 8 e F + e SRR BT B, ol +
B AEDRLZEAE , AT BHERK L BB R BRBL, A
A A A A A BRE5E 5 W A R Y Ca® i) DL B
W BFF7E e ) Na®, R e e Ve, 8 Na”
WU EIAR)Z, IEY NS R A KRS . A
SRR A L AR A S PR A I C L L 570K
T RO YR | RRAEAE K KER ISR, AR
MR IR, SRR T ARAE R AR K o REVTYE A
PSS T N TR) A R 700 e o R 35 - Fh A AR A D)
FE A RE I, 235 SR B it FH T A X T S R oK ™ i

(SR A A B /INAR AT A P AN [ B FH A
B E R RYSE N, G5SR4t B 1% D0 T 0tk T
AR P 5, DU R 4 Na®™ 4
() 200%0 , FRAERZSHEA SR L o SkAs i S
BFEERI, BT MBS HER 1 1 A TSRk
357 40%.

4 #ie

1) R A 2k B 57 A BT B (B FAIK 0 ~ 20 cm + )2
FHEER Sy S AN pH. ANTR] A R AR A A 3 1 R A
pH FEARSCRANR], DLAE FE AR 9 « 1 44t
3 000 Fi1 4 500 kg/hm” FEASER M RICRAAT, R TTiA
20%; AT SIEHRRICIERE pH RCR AT St 4
RRFR, LA RS HIRR 9.5 ¢ 1 414 M= 1 500 kg/hm®
REAIS pH SR o A 2

2) 4% R Bk ek R )b A AT AR AR AR AR K B AR
7= o ZEA TR IR AL B AEAR 7 . 2R 45
W ORMABAIERIIR 9 « 1 AT 3 000 kg/hm?
WA PR BT

NGEA AR KAEAR A L0 RSOR, R IX A
ek RAU A B AR 9 1 HE, e
3 000 kg/hm?® B, 0 ~20 cm +3EER /0 & 48 CK TR
24.3%, FRAEHE ™ 24%.

23k

(1] E, EHGHE, BAURUR, 45, HrimEhesh + e R m
RSN D] TRXERSHEE, 2014, 28(7): 111-
115.

[2] HKE, ECHE, BARE. BT 5 X 4 55 21
KA ARBIT[I]. 2R, 2016, 36(22): 7064—-7068.

(3] 1pEhih, BhoRiL. FRIESRGHLAY IR IR -5 2R s ORI (]
rhE BB BE T, 2015, 30(3%T)): 162-170.

[4] Rozema J, Flowers T. Crops for a salinized world[J].
Science, 2008, 322(5907):1478—-1480.

[5] Darzi-Naftchali A, Mirlatifi S M, Shahnazari A, et al.
Effect of subsurface drainage on water balance and water
table in poorly drained paddy fields[J]. Agricultural Water
Management, 2013, 130(4): 61-68.

[6] kA&, BRyEe, HRL, % B AT SA YR
A XHEY) ™ it SRR IR B R AR (T]. b E AR
%, 2017, 33(12): 12-17.

(71 Xk, B, LR, & EEX R EE+
ek R R TR RTIT ] H3E, 2017, 49(4): 776-781.

[8] ik¥F, ZRHe, FhmA, S BEAH . MRS R
TR A0 BEAE (0] & s, 2017, 54(1):
255-264.

91 S, H/i, ¥I5, %. BR AN SRR H A e BT
SRR R []]. 3EAEAR, 2014, 51(1): 176-183.

http://soils.issas.ac.cn



332 + i %52 %
[10] PNES:. LA 55 M e IR I I V2 1 e = Y 200 S5 0L [20] MR, #Ehas, BhoRin, . ORI e R 5 kiR
FIHFFE[D). dbst: rE LR, 2013 Ehpd MR RACRBISE ). #EMHEK =], 2012, 31(3):
[11] Ali T, Kahlown M A. Role of gypsum in amelioration of 21-25.
saline-sodic and sodic soil[J]. International Journal of [21] Wang J, Yang P. Potential flue gas desulfurization gypsum
Agriculture & Biology, 2001, 3(3): 326-333. utilization in agriculture: A comprehensive review[J].
[12] XU4H, skAE, 2R/, 5. S0 T LB A B Xt ik Renewable & Sustainable Energy Reviews, 2017, 82:
Bl b B R BOR K 2 VRS R )], T 5 R IR S PR, 1969-1978.
2017, 31(11): 87-93. [22] EWere, BRI, ZF R, % RREWR A S A
[13] Zhao Y, Wang S, Li Y, et al. Extensive reclamation of o VR 5t - A R AR IS [T]. K AR R, 2012,
saline-sodic soils with flue gas desulfurization gypsum on 32(3): 128-132.
the Songnen Plain, Northeast China[J]. Geoderma, 2018, [23] LM, 200, sk te. BATA T SRR o B R
321: 52-60. TG [I]. NS HRHE S 45, 2016(14): 85-87.
[14] JBiZE, (L3846, i, 5. KBRS AR R X R Bk [24] Ciarkowska K, Sotek-Podwika K, Filipek-Mazur B, et al.
RACR T[T, HEBEHEK 243, 2017, 36(9): 57-61. Comparative effects of lignite-derived humic acids and
[15] JAFH. BEiAE S5 B o R 2L 1 35U R_ w58 [D]. MR FYM on soil properties and vegetable yield[J]. Geoderma,
W NSl K2R, 2016. 2017, 303: 85-92.
[16] Bacilio M, Moreno M, Bashan Y. Mitigation of negative [25] Ffg, XUak B, TR 5 AR i A B A B o B s Eh e 1 19
effects of progressive soil salinity gradients by application BYRZE[T]. HEBEHEK 242, 2010, 29(2): 131-133.
of humic acids and inoculation with Pseudomonas stutzeri, [26] Nan J, Chen X, Wang X, et al. Effects of applying flue gas
in a salt-tolerant and a salt-susceptible pepper[J]. Applied desulfurization gypsum and humic acid on soil physico-
Soil Ecology, 2016, 107: 394-404. chemical properties and rapeseed yield of a saline-sodic
[171 B/NAR, B2, Ep, 55 EFHEMNE TS ERA cropland in the eastern coastal area of China[J]. Journal of
IF it P et A T R TR M R AR [J]. TR X R A 52, Soils & Sediments, 2016, 16(1): 38-50.
2016, 34(1): 288-292. [27] k#&, ik, Ph=R, S5 B 50 IR i XA AL R 4
(18] Bmsh. LA AAIIEM]. LAt FEAR PREIGERE ] hERERE, 2011, 4(10): 2051-2059.
et i, 2000. [28] FEVLGE, WRAES, EBed, . IR B R i h
[19] TRz, AR, arios:, % hEEE LM dos: T EREAE B KAEY e R A SE[)]. LI, 2013, 45(6):

Bleg H AL, 1993,

1108-1112.

http://soils.issas.ac.cn



