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WEBRAaEXN it KEEHRM TR X/NEREK
HY 52 I

BARE', ERRF, AL, AR, BHERKR
(LB EBHAAORHEFIEBE A RA 7 IR FFAT 2100005 2500 Kp ARl Bl 5 TREARBE 1195 AT 210000)

FEE . ARl DX 0 A FR B St s B A Y AR i it P 2, AR R 9 LAV 99 48 3R 3T K KR R i+
A A1/ S R SR 2 RAGEE A R SR A R B A 7E B 4 i (0 g/kg 10 g/kg 20
¢/kg 30 g/ke) HEATHAIRIE , PRI W ite FH &2 (B 40 T 0 i A 28 M I B /N S A K g, 25 SR i Ae 4k
R T, T LAJR T S0 - A2 e T, B B R R RN, -3¢ pH (B TR AR, A LT B A
B BRI (RO 2 TP AN L3 5 HUSORE  EON IR E R  E FoR B B R W
B REEA T EA R TR R S s A i S E R E R POl RN A T, R
HeRA K R m A, e A B (10 g/kg) AbHH  /NASER ZER s 0 R8T A e R A
R MR RG] Y A e bR fe i, B2 0 A B Bt 4 A AR 23 (20 ¢/kg 30 g/ke) , /NI SR Kk 2 5 1%
% B AZ BN i P A VR R A S . AEARTTF ST v B B A R DL 10 o/keg A, T TR0 P 42t 7]
FE7 500~ 11 250 kg/hm?* 5 FE P, HLAAEH SRR T4 A H RS — 25 500E

XEER. Wt BaE,; BN DMASLEERK

FESES: S156.2 MERFRIZAS . A XERS: 1000-4440(2023)03-0699-08

Effects of phosphogypsum application on improvement of mild saline-alkali
soil and growth of pakchoi ( Brassica chinensis L.) in Northern Jiangsu
province

MAO Jiu-geng', MAO Xin-yu’, YANG Hua-jing', LIU Guang-cheng', ZHAI Sen-mao’
(1. Nanjing Linzhi Agricultural Science and Technology Research Institute Co. ,Ltd., Nanjing 210000, China; 2.College of Agricultural Science and Engi-
neering , Hohai University, Nanjing 210000, China)

Abstract: To find out the optimum dosage of phosphogypsum for growing vegetable in saline-alkali soil in northern
areas of Jiangsu province, this study took mild saline-alkali soil in Dafeng District of Yancheng City, Jiangsu province as
the test soil and pakchoi ( Brassica chinensis L.) as the test variety, and used the phosphogypsum provided by Yuntianhua
Group. Four dosages of application amount (0 g/kg, 10 g/kg, 20 g/kg, and 30 g/kg) were set up for pot experiments to

explore effects of different dosages of phosphogypsum on

%5 B EA . 2022-07-13 saline-alkali soil chemical properties and effects on the

EEWE : EHZEARPARGEFTH (51809076) ; s AL A growth of Chinese cabbage. The results showed that adding
BHIFL A5 25300 H (2019B08514 ) 5 Z8JH TR SCHE I (A
k) T H (SNY20208551 ,SNY20208534)

EE® T BABE(1962-) , T TLIR P T WF5E 51, EEMNF
BT MEAL | 3R BB E TS, (E-mail ) Nj62@

163.com decreased, organic matter and alkali-hydrolyzed nitrogen

phosphogypsum into saline-alkali soil can regulate the
chemical properties of the soil. With the increase of phos-

phogypsum application amount, soil pH value gradually

WIEE BT, (E-mail) mxy880731@ 163.com content showed an increasing trend as a whole, but the
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difference was not significant compared with the data of CK. The content of available phosphorus was exiremely significantly

higher than that of the CK. Soil conductivity, salt content also gradually increased. Suitable dosage of phosphogypsum was

conducive to the improvement of saline-alkali soil, while excessive dosage of phosphogypsum might aggravate the salt dam-

age. Adding appropriate amount of phosphogypsum into saline-alkali soil could promote the growth and biomass of pakchoi.

The germination rate, plant height, leaf number, leaf area, chlorophyll content, root length, root activity, biomass and

other indices of pakchoi were the best in the treatment with low dosage of phosphogypsum (10 g/kg). With the continued

increase of the application amount of phosphogypsum (20 g/kg, 30 g/kg), the germination rate of pakchoi was reduced

and the growth was inhibited. The higher the application amount, the more obvious the inhibition effect was. In this study,

10 g/kg phosphogypsum is the best dosage, and the field application amount can be determined within the range of 7 500—

11 250 kg/hm?. The specific application amount needs to be further verified by field experiments.

Key words :

AT b DX 37 B RE SR R, 4 SR
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MR SR FH BB A8 (pH 3.5) jiti 0 30 t/hm?;
WeE B fE 0 4R 08 1 (pH 8.80, & 4k & 1.64
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8.40, % b 1. 54 g/kg) LRI A P13 Ko 2 8%
SR B W 4B (pH 5.00) i FH & S 5 250
kg/hm® ; &P IS 76 Eh 68 4 b Al 5K, SR ARG i
A BN 40 o/kg; 4 HL ST 70 5 1 L 6
(pH 9. 30, &k 7. 20 g/kg) LAl K | R A
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saline-alkali soil; phosphogypsum; soil properties; growth of pakchoi

ERTIML (pH 8. 15, & Eh & 1. 48 g/kg) FAPHI E oK, K
FH BB #1785 it FH 43 000 ke/hm? 3 T4 261 75 4%
BEER A (pH 8. 73, &bt 1. 07 ¢/kg) LFMHE IR,
K HBEA B i 60 vhm?, KT, AHF5T
P 3 AR TR, XV 5 I AU b DX % 3 R ol - A
B AN A P 5 PR R S /N 3R KSR
FIEATAHCHESY  R R B A 1S B, DU i
ATE ) BN FH B AR AR A

LBk i

1.1 iR

AT S 1 i A R T X R AR
AP P dEH, 7 F v db R, R4 118921 ~
118°46', 46 4i30°51 ~32°15'
1.2 a4
1.2.1 X2 KK R A TILAA R
KFEX, B AR v> 4 k2= M. pH 8. 80, A
U & i 11. 14 o/ke, B A & 2 10. 81 mg/kg, #
WA R 12, 54 mg/kg, BALHN & i 50. 80 mg/kg,
5% 0. 82 mS/em, FEh i 2. 28 g/kg,
122 #R#BLF WA s RICERA RS
LS/ 7 S s W I G VN % N i G
24.63% ,pH 3. 11, HL 53 22,68 mS/cm, A P &
1#1.923 0 g/kg, A & #0.021 4 g/ke, W& &
40.600 0 g/kg, 4= 4 & #0.500 0 g/kg, SiO, & &
3.400 0 g/kg, Fe, O, & #5.400 0 g/kg, MgO % &
1.800 0 g/kg,Ca0 7% 1£23. 800 0 g/kg,
1.2.3 Bkaa At AWESE T /N S Aol R
ERBT
1.3 RBAR

Sk FH TR st e Aok 1, w8t 8 it 214 4 1>
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K, 35 CK (0 g/kg) (L1(10 g/kg) (L2 (20
g/kg) \L3(30 g/kg) , B0 FEIRE 4 RER 5
Fr AR A 1.5 L SRE, B 4H | kg 506
BHAE B4, 5 ROV (a0 T IE R R A
BRI AR ) 5~ 7 d S5 4R, SRR KN —
N B AR 10 B, KR 1 1O
SEM, REAER 3K, AR ARG AR R L e
G RERE R, DY R R, % X3k 9 10 11 A
SRS IRAF LN 22 °C 17 °C 10 °C |, 45 bt
JE(RE) EmpeK, Hik o 58,

1.4 MEHERSNERE

141 EEACFHR TR/ FET RS 5
IR 13 R T IE BB S BE 4 NEE M LA
RG5O R b AT R e 2% BT
ST BEH 5 1. 00 mm 0. 25 mm i, T 334k
SRR E N I pH 5+ SR (EC) 435
KHL 2 5 KR AR S AT S ik A T E s
BEA LTS 1R H H B IR A 2 i vk AN D A
- St A SR e R FH B R T 5 A A A
iR R R S 4 T 5 4 S A S R
NH, OAC 12 4 KO ' BE 30 7 5 -+ 498 7 R 3t i I
ZISCHR[ 4] .

142 JaXEA¥KHBEARAERIKF PHEAXKT
2021 £ 9 H 25 HHEF K5 10 d 347 & 2R A
KRR = SR R AR S PR P A x 100% . 43 5]
F10AISHI0A 25 H 11 A5H 11 H15 H .,
11 H 25 HIE RS W 80 AR, Bk o F 2R
B R 5 4 R T R A, T AR R
Kexmwi, 11 7 25 HIEH E#AEY & RBEK R
x1

it MRARTE 1 SPAD {H, SPAD fH R M4 R AL
5 5 b b8 AR T ol ) R RSPk s AR B
KK SRR Z B8 R & 05 1 &1k
I DU (TTC) 52
1.5 HEE

SKHI SPSS 16.0 B A 47 84 73 7, FH Origin
2018 FRAFVERI S4B 2 18] 1) 8 3 2 57 R A A
Rl 0P (FAENE) PF, 3 E 2 H iR
BIEMWZE(SSR) i, EIhaE R P A F/NG FhER
NTE 0. 05 7KF b 225 W3 AN RS R R TE 0.
01 /K L2583,

2 R 55

2.1 ARE4AEExTERER L L F M RA RN

2.1.1 #mEpHIE w55 483 450K
W] ZEXT IR (CK) 1, /N FI SRR I R0 1 pH (B
HLR R LU RB R v, R -3.51% ;3
JEREA B AL (L1 L2 13) o /N SRR I e
pH A | HL TR 5 5h 2 3 HO AR Fh i IK, Wk Rk 5]
28.12% ~31.26% . ¥4 it i A 5 Ab 38 #& Fh T sk
Je R+ pH IR T XTI, H. pH {E bt 25 85 41 7 it
FHE 38 I P AIG , (H 45 Ab B IE] pH (22 R 183
B A B AL B R AR A R A R HR AR
1o, LB Wl A8 il FH 2 PR 38 i 38 o, w4 i
TR, BN B 22 SR SR R T L SR Erdh A
AR PR 25 5 0 8, L1 ALER R WOIR S Skl R S
R RRO R E RN 12 L3 b B A X} IR
L1 A 22 S 2 13 AbFHRAS 12 AbP 2555 1 3 |

TELENEEMERFEFL pH B BSEMSRETHER

Table 1 Changes of pH, conductivity and salt content in saline-alkali soil before and after planting pakchoi under different treatments

pH {H

HL S (mS/em)

s it (g/kg) R
SRR Wk SEFI ek SRR ek (%)

CK 8.80a 8.92a 0.82Aa 0.85Aa 2.28Aa 2.36Aa -3.51
L1 8.53a 8.38a 1.32Bb 0.92Aa 3.52Bb 2.53Aa 28.12
1.2 8.33a 8.26a 1.85Cc 1.24Bb 4.83Cc 3.32Bb 31.26
L3 8.20a 8.14a 2.12Dd 1.44Bc 5.50Dd 3.82Bc¢ 30.55

CK:BEA BN 0 g/kg; L1 BAF RN 10 ¢/kg; L2 B A BTN 20 o/kg; L3 B A F N 30 g/kg, FFNEIEE RF/NE F
BEFR AR R AL H] 22 57 8 3 (P<0. 05) s A FIR S “FhE /s AN R A B R) 22 540 8 3 ( P<0. 01) ,

212 #mEAie s AUTCRAN L HEME
A HLE &l 11,14 o/kg, TR A & i 10. 81
mg/ kg, BRLHE & R 12. 54 mg/kg, AN SN

50. 80 mg/kg, Fi—Fr R 51H.
2 o W AL EE N SRR R B
A A AT R R 2 T R O B
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W O B R I A4 5, e B i s 3
30 g/kg BPAHLTT & o W ER 75 5o (B, 3O & i 4y
AL 477. 9% 45 A BRI (A HLR & 25 7 R
LS AR 2 SR W, 5O IR R A
179. 6% ~569. 8%, HaTtaf#E A1 Ab B /N SRR JR
R S P AT R S R BN L1 AR PR TR,
12 L3 Ab3m iy 0 R 45 b B L SR
Sl X5/ R TR B ER, S N e
EKEMAE, BA RSB P e a R Es
X (AP B 22 AN 3 R B A B
NSRRI b - 358 HP %) SR 5 R G T X R
FITESL(H, PTRE S5 AR TE A it A E, 198 v 1 40 1
Y B G (B4R B 22 R 3
F2 FRLGEEFERELFENTUER
Table 2 Nutrient changes in saline-alkali soil after harvest under

different treatments

pep PAOLBTER BURAS R EIGESE AR
(g/'kg) (mg/kg) (mg/kg) (mg/kg)
CK 10.96a 8.82a 10.82Aa 50.25a
Ll 11.05a 8.55a 30.25Bb 46.83a
L2 11.10a 9.87a 60.31Cc 49.32a
L3 11.19a 9.84a 72.47Dd 47.40a

CK Wi £1 TF IR A 0 @/kgs L W 71 75 W6 FH EE 0 10 /kes L2 W £1
B 20 g/ke; L3 Wi B SR 30 o/kg, [RISEHE G AN
INE TR R AN A BB 22 5 L (P<O. 05) 3 AR S TR 3R A
) Ab 34 1) 2 S5 4 2 (P<0. 01)
22 AELSEINAFREFRERNZMN

B 1o, LIskhd TR ES IR /Ry e
W R IERIREN T5%  FEW A F RN 0 o/kgEh
B RN SR K 2R 60% , HLAE S TE 1 Y &
ZERRER 15 D E A ERR iR a 5
CK Fb, L1 AR/ 35 % 28 30 i v, ik 3 65%,
L2 L3 b3S 3 2R R i A {45 % ~ 50%
NS 2 AR B A W A it P = 1 1 T R AR , 3

AT PR oy K S it il o, 3 R R i

— R T TR R 2R
2.3 AREGEI/NEFEYZ R

SRR 2~ B 4) B, R [A b BT /N (S Ak
R B AE KSR R I R I 10 H 15
HZE 10 H 25 HAELHEERR, 2 A0 B ) 22 55 5800
10 H25 HE 11 H 5 B, A Kk, 45 4b 3] 1 22
SRR, CK Bk R 8 AR A K i Ay
S AR KR 27.9% 35.3% .58. 1% , L1 AL FE
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701
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0 CK L1 L2 L3 3+
Qb

CK.BEABMEHE N 0 g/kg; L1 BEA BN 10 g/kg; L2

AR 20 ¢/ke; L3 BEA B E N 30 ¢/ke,

E1 AELEN/NEEEFENZIE

Fig.1 Effects of different treatments on the germination rate of

KT (%)

pakchoi
141 .
12+ a .
2 10f =rhd
S 8 =
Z o = g
© il TE :
2 : :
0 = =
10-15 1025 11-05 11-15 11-25
FI9 (3-H)

OCK; mLl; 3L2;0L3

CK:BEAF M 0 g/kg; L1 BRAUEE I EN 10 g/kg; 12 8%
FUBF R 20 o/ke; L3 A B I T BE H 30 o/kg, AR
AN PR IR AN b B E 22 5 3 (P<0.05)

B2 FRELLEI/NER®RSHEN

Fig.2 Effects of different treatments on plant height of pakchoi
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CK B A B ] 0 g/kg; L1 B A B M0 10 g/kg; 127
AT 20 g/ke; L3 BATF G4 30 o/kgo BT
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B3 AELE/NESM FEREm

Fig.3 Effects of different treatments on the number of leaves of

pakchoi
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Fig.4 Effects of different treatments on leaf area of pakchoi
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E5 AELEINEFERREKNIE
Fig.5 Effects of different treatments on root growth of pakchoi
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Fig.6 Effects of different treatments on chlorophyll content of
pakchoi
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Fig.7 Effects of different treatments on biomass of pakchoi
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i WA MRS ' ARSI R,
BN BRI MR R K, H Bl A B A i P St A A S
(20 g/kg 30 g/kg) , K#h4r+h LLJC F £ B A A7
#, P e AP AR b - SR | A 3
T XF B A4S/ IS4 T AR A T X6 B (E AR X T
WA B R T & (10 g/kg) AbFR, &b B R, (i 45
2 TR RO B HE IR T R B A B T AR R
Wbk 2 W2 U, 10 o/kg B0 B AL B Ak T
TR RN T A F G A TN SR AE K 4k
SRR P& (20 ¢/kg 30 g/kg) , 7E HIEME T 4L
O T RN | e g e+ o111 DA N S i s
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