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R PULTEAE+AEAE VU DLALhtE AT + 5 R Ak
BN, KEreE. AEYre BRI AL AL BT AN
AEACER 4w . A O A3 W B R 2 T 4
PEFRI T 2 s A B B e Rl g S . [U)
AR A B s — Pkl el R ACR 5 IR BT
TIRAFLIT, EXAFEYRAE S 2R & s R
RATFCR D o UM ok (R B 1) ] A SCAE R AT
FUMIEEAL -, BUAE SEER . AR RA
(e e oS T 52 S el X - 385 SRR pH (BN H 25 AR
KR, PRIz X S b T ia B e R SR —
k5%,

1 MR5EREE

1.1 RIEXHER

RIG X AL T4 5 E IR X B 3 R T b e i
S IEMPEE AT SR RO, B TR KR
PR, AEETT & 138.2 mm, K& 2 094.4 mm,
BRI ZE 8.2 °C, VRN 135d i t, 1
BIRGE 2~3 mis, HEBLIKE K, SRR 1E
JE4 0598 g/L, JEIKK. HEX R —FE—2H], F
TEAE LA H %, BRRENENE . RE X EE
78 ) H 5P aT AR 5 3T ROKIBRE R £, 2R
AKFZa T K ERERBE SO . R K ALAE 1S R
/T 1.0~1.5m, A F/KIEER 1.0~3.0m, 5 Y]
A1 10 AWiH SRR SR, 5 HH RAF 10 AR
FIRE ARG ik MR B35 3.25 glL, J&
WORK, MR KSR LA R BN A . B
BIR #h LA R R IR 36 %5 o I /NMX 550 %A 1.5 m IR
Heik v, ATHEKHER: . W5 0~20 cm #HEZ L
BERFEAE R WE 1. HIES S EHE N 6.99 g/kg,
pH Ak 8.10, 4% & A ML & ¥ME 7 3N
0.83. 18.03 g/kg, TIMRAUFR EIIME N 1.52 glem®.
FZHHE (0~20 cm) FiHOMRBRDIE L, K2 HEZ
NEEL

PSS TFS XY

Table 1 Basic soil properties
ERE

AdhEL =
Treatments Sa(lgtJ é(c?ntgnt Pr Total Or g?\:::gm)attter
nitrogen Y
EAXE (CK) 6.00 7.99 0.70 18.22
I
LB Y 7.73 8.09 0.93 17.99
Desulphurized gypsum
JE 5% Humic acid 6.55 8.32 0.87 19.39
# R Fulvic acid 7.64 8.38 1.04 19.74
Tt + T T R
Desulphurized gypsum 7.19 7.90 1.10 16.33
and humic acid
Jii B A + R R
Desulphurized gypsum 6.82 8.43 0.60 16.48

and fulvic acid
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Table 2 Basic properties of the tested materials

N SEE FHURR
\ ot
BEtbR . CLCp) (kg™
. pH i (9kg™) ;
Material Total Organic
Salt content i
nitrogen matter
Frg?ﬁ& 9.71 0.41 7.5 884.9
Humic acid
ﬁ)ﬁ@x 7.50 0.67 115 517.2
Fulvic acid
Bt A
Desulphurized 7.61 2.02 0.06 28
gypsum

1.3 It

BERVEY NS, WA “3617 o I 4
ANbER, FEAAEEE 3 ANER, NXCRABEHLIX A HES,
FA/RNX A 33.6 m?* (8mx4.2m) , [a] H ZE3EFf
B NT Ai¥k, 470E 60 cm, HREE 50 cm, FhiEZ5EE R
33 000 KR/hm?, RI6HhZE GO B HENR) . PR BRME K &
R K B (£ 3 000 m¥hm?) , BEANE & AN
TTHEK . TERAEREFIERR e, Hafl - 375 kg/hm?,
B PR E, &4 340 kg/hm?, e rb 325 W06
1 240 kg/hm?, FFAER1E 100 kg/hm?, 8 HLRRE AL
) (CK) Jitift &5 o B A A 3 it i s AH 1R 4 H
R RJEATEI, RENXER 4 B, 5 H NEIEERE, 9
H k. ol R RIS F 2t FH LR 3,

% 3 XA &

Table 3 The scheme of experimental treatments

Jb 3 R Wi (kghm?)
Treatments Amendments Application amount

CK

S Jli i 3000

F JETHIR 600

H HIERR 150

SF JURR A B+ TR 3000+600

SH B + B R 3 000+150

1.4 MEMB S5

1) IR TR pH ENE: 5T 2018 4 4
BTG, 2 HIERERT (4 A S Agk)E (10
A FAD SREHZE 0~20. 20~40 cm LFE. HiHS
RR B SAONE (2K 1:5) , pH R pH it
Mg (LKA 15 P co%. HCOs B &% H
SFE 7% 70 H AR R Y

oy R S R e 21,

TS=3.74>EC;5 (R?*=0.99, n=69) . (D


https://detail.1688.com/offer/526564326144.html
https://detail.1688.com/offer/526564326144.html

R S BB R S A NIRRT X e )RR H AR R R

R AR AR R T H Ok (2) -
X BEIRE (%)
_ PR AT RS fh YO E R R <100,
FhIE AT 3RS

2) [ HZEMRm AN e HSEEE,
AVNXEE 3 FRIHZE, & BIR K AR R
G Hokk . AR A

3 MEF= s E: AR XBELE 3
1T, BHTIELLEL 5 fk, BMCGRFRmRE, RIEWT
AR THE I H = &
[ 0278 (kglhm?) =R (g) x
R %=<15/1 000,
1.5 #ES

K FH Excel F11 SPSS 20 4 v 4 0 B 3k A7 b 3
ForHT

2 BRE 5

2.1 AEMRFIMTIESE SR

53 BEARAE AP AT S USSR LIERHZE S A
Al % 4 ZAEYFRERT ARG AN A o R R A 2
THEBE S . WF 4 WTUEH, 7F 0~20 cm *
JZ, B SFACERAT SH AbERAN, H AR YIUA({E H
STt AN AR BE B 4y BEARAR th = B HE T . SF
AL FESSH AbFESF AbFE>S AbFESCK>H AbHE, AT
CK, SF. SH ACFL/NXAEWER G 133 #h 73 PR

(2)

(3

i, Hrp SFACEER S IRAUERCOR, N 2.79 glkg, H
WIe SH AbFE, 7E 20~40 cm 2, B b BT HAE
M=%, B CK 4, SF. S. SH. F A1 H
AbFE 20~40 cm 1 E 1 ER 4 FEARAE Y =5 T 0~20 em, it
B o R 7] (00t i — 7 T NeR 1 3% J2 43 R 43 ik ok

A AR T M BT, DSEERE RIS
BETRELESHE, ARG FEKE b &2
KHEF N: SF AbFI>CK>SH 4bF>F AhFE>S 4bFE>H
AbEE, SFACHEER BRI Z . BT AN BRIESE S 2hE
A S HE,  RIE LR R —/NX A RIS
WEH—EHZERS. ik, -3 Shefx ek
fr R HA R, 75 0~20cm L2, AR
R MK ENN: SF AFESSH A FESF AbHE>S AhH>H
AFESCK, SF. SH. F. S, H ALFRAEE AN PR
A5 CK AHELBEMK 94.30%, 84.83%. 51.12%-.

40.08%. 2.49%, H:rfr SF b3 % 2h 3 R B T . 7 20~40
em L, R AN FEACE N R BN SE AL
FESCK>SH 4b#E>S AbFESF AbPESH ALEE, SF ALPEER
S AN B R 5 CK AL, FEMIK 65.11%, FHRabHips
AW . M 0~40 cm 3 FHEh i ERE, &4t
HRI R BT B ZE MR BN : SF ALEESSH AbBESF
AbFE>S AbFESCK>H kb, SF. SH. F. S 4b#iihy
FART PR R CK &K 82.42%. 48.01%. 13.65%.

9.03%. 7t 0~40 cm T3, SF AbHERE ER AR S s

k4 RRKRAUELESES

Table 4 The soil salt content of different amendments

WH Items +Z % lcm Soil depth CK S AbFE SF b2 SH Ab3 F Ab3 H AbF
(g kg?) 0~20 6.00 7.73 7.19 6.82 6.55 7.64
Before plant 20~40 407 5.60 491 421 419 400
W3R (@ k) 0~20 9.33 9.98 4.40 482 7.56 11.69
After harvest 20~40 7.30 1083 5.61 8.10 8.71 13.02
A kg 0~20 333 225 2.79 2.00 .01 -4.05
Salt reduction value 20~40 323 522 -0.70 -3.88 452 -9.02
s G 0~20 555 29.11 38.80 29.30 1542 -53.01
Belatiue salt reduction rate 20~40 -79.40 0321 -14.29 0218 -107.88 2255
%5 REARAAZLIE pH A
Table 5 Soil pH values of different amendments
WiH Items 2 /cm Soil depth cK S 4bHE SF 4b 3 SH 43 F ibap H ko
- 0~20 7.99 8.09 7.90 8.43 8.32 8.38
Before plant 20~40 8.00 8.28 7.99 8.67 8.25 8.41
- 0~20 7.93 7.90 7.78 8.38 8.39 7.94
After harvest 20~40 8.12 8.01 8.09 8.34 8.16 7.79
oH B 0~20 0.065 0.185 0.120 0.055 007 0.44
pH reduction value 20~40 0.115 0.265 -0.095 0.327 0.09 062
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2.2 AE R IR 1% pH EAIR M

pH {EFRAE AP AT S5 WOR S T8 HHZ pH &
BAAE . 3R 5 M AT ARG HEZE 1258 pH B
ALk, WFE 5 LIEH, £ 0~20cm LEH, &4M4t
B opH EFERRCRH T N: H ABE>S 4bF>SF 4b
FI>CK>SH AbHE>F 40 FE, H. S. SF 4bHE pH B#{RAE
Iy A CK MK 0.375. 0.12 £ 0.055, Hit H 4b#
pH {E PSRRI AF, RPN ERIRY RS gt
(RIS E 5y KA Z R ER . ALAERE, T L3
YIBEYERE, S0 I 25038 3B, Jeko S AbBE,
SH AL FRAN F AR FR PR pH (R AN & . 7E 20~40 cm
T2, B3 pH E PR HET N H b #E>SH
AbFE>S AbFESF ALFESSF AMHISCK, #ALH pH {H F%
RAB A 9% CK F&{i% 0.735. 0.442. 0.205. 0.38. 0.02,
H AL FEFEAS pH (B AR e, Foikod SH AR 2, A 0~40
cm HEF, H AEAE K 35 pH ERCR AR, Hik
NS AREE, EHILAEAH LAY B BRI 0.265 AT 0.23.
2.3 AR RT3 E B2 EKpIs20m

1 AR b EE ) H 25 k. AL 6 H 16 HllsE
SR KE, HRE KBNS SF AR #E>CK>SH
AFESF AbFE>S AbFESH 4LFR, SFACFEMRE AR, N
13.56 cm, [& SFAbFRAL, HARAEEZ F) 2 AR
M6 H 26 HllELRKE, Hhm MKRBINHETIA:
SF Ab¥>S AbFESF AL FESCK>H AbFE>SH Ab3E, SF 4b
HIpk SR, FLRO S AbBE, SF. S AbFEE: CK PR
G338 hN 14.5%H 4.3%, R SFALERAL, HApbzE
FHEAEE (p<0.05) ; MW7 H 28 HFI8 H 20 Hill
ELERKE, SR HEkR ST ESS 6 H 26
Hll e 45 A AR A —35, ¥4 SF AbEEME =i i
w1, 5 CK AR 2 Jcil e 45 Fpk = 43 33 11.6%.
11.9%, M 2 e 45 R, SF Ab3i 5 HAh b3 7
PERZE, CK. SH. F. H A ERHEAREZE . 4
SELERILL SF AR [a) H ZERER = B o

300 ghpE Treatments:

:cEn b2 b
2250 + 0OCK &S b2 be. bl DC
= == d R
£ 200 | 8#SF DOSH i TN
o oF  @H
£ 150 |
L i
i 100 |
&
50
a
0 aty H HH
0616 0626 0728 0820
H HA Date

Bl RR&RFAESHERD
Fig.1 The sunflower plant height of different amendments
2 NAFAEE R H 262, N6 H 16 HilllE
SiRE, EHMNKBVNHESIN: SF ALF>CK>S Ab
HI>SH 4bFE>SH KbEESF 4bEE, SFAMEEZEHIHOR, B
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SF ALBRAL, HARMPEZE A RZE: N6 H 26 Hll
EGRE, ZHMNKEBNHESIN: SFALHE>S Ab3E>F
AbFESH AbHI>SCK>SH AbEE, SF AMBEZEM K, Hk
NS AbFE, SF. S. F. H AbHERMAEE, MW7
H 28 HillE 45 8%, SF. S. H. F. SH AbHI 2Lk
b CK R, H F =M & ok, HIRZ SFAREE,
Bk CK 4b, HpkzmESEAEE: W8 H 20
Hille g RE, FOmZHREA, HIXCh SF A,
SH AbFEAN S Kb FEEL CK R AN, SF AN F 4b
2 EESEAREE. £6 H 26 HZHT 2 e s
RIJLL SF b3 a) HZE M E R, B CK 247l
1 9.84%. 14.73%; 7£7 H 28 HX J5, F b3 H¥%
AR, B CK 2250780 10.69%. 9.74%, 5
SF AbFH 2 [8] o ¥ 35 14 2250

40 r4bFiTreatments:

% 35 FOCK @S

E 30 [msF asH g iy

2 Lo B B

£ 25 F Hbaba abacbc :

5 20 ¢ c

9 B N

§15 | 2N

5 LTl AN
0 i il

0616 0626 0820
H #A Date

B2 RRARFEE S HREA

Fig.2 The stem diameter of sunflower of different amendments

Kl 3 AR AR EE ) H 25 AR . N6 H 16 H.

26 HIELE WA, SF ARFM K, 255 CK
40 15.65%. 15.62%, SF 4bFE 5 CK 2 [8) 2 AR
B, N7 H28 Hillegs R E, Sk,
HUGZ SF Ab3E, S ALFRFN SF AL ZE R R B2, M
8 H 20 HlELE ok, FACH MR HA, HIKZE
SFAbEE. M4 MESSRE, BR SH. H. F AL 4,
it FH 25 BRI A B ) /N X ) H ZE AR K T CK, SF.
F. S ACEERE AN AR B 4T

16000  AbEiTreatments:
$ 14000 | o0cK ®@S add,
[+
< 12000 | ®SF mSH x
4 10000 } ©F BH
£ 8000 |
E 6000 | aa a
E 4000 | ‘=:E-E:’
= 2000 [affPadp |[E

0 AR

0626 0820
H 31 Date
B 3 RR & RFAE R B et @A
Fig.3 The sunflower leaf area of different amendments

B 4 &R . ANE 4 aTRAE Y, T H
BRAG, [ HZEEAREE ST CK. AFRBR
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R S BB R S A NIRRT X e )RR H AR R R

AbER I HZE = S B SF O AREESF bBESS ib
HI>H 4 FE>SH Ab3>CK, H A SF Ab #E4 = 2R
R, PPEN 429 thm?, HIKE FARbFE, PoEk
416 thm®, SF ACFRI F AbFR 2 ) 2 F ik A B
(p<0.05) . SF. F. S. H. SH k:H[a H¥E" &5
A% CK #41n 51.63%. 47.00%. 33.95%. 27.91%#!

22.79%.
50
45 | a a
2 40 | b ¢ be
> 35 |
< 30 | ¢
E o5 |
Z 20
& 15
i 10 t
05 F
0.0 L L L L L
CK S SF SH F H
K- Treatments
B4 mAR~2E
Fig.4 Yield of sunflower
33 i

3.1 BRFIXAEERXE A pH ERF T
MR G L3R 2 5670 UG, & ol R R b 2R
NS RRE S CK LTS, Wik

) e B B A ik ol R T 2 E X b th . b SF
AR BRARER D O, LA S ALFRAL LT, Sl
SN THI SR R AT A B e ] N A A, it
MEEFt Na"BHfe 71, b8 R Bt o), 53
— 775" TH 5 7 1 R 5t vt A A It B 4 o g A 1k
R, AT P, DT R,
T R A B T 2 L i Ah BB A PR AR 3k 0 T TR 6 2
(23] AR 5 A 7T 4 AR5, 7F 0~20 cm 2
W, HUE H AL S AbEEEL SF. SH AEEFE(R pH 2K
By, M FACEEEIAUN SFL SH ARHEFEK pH 2L
RUf; 78 20~40cm L EH, F. H. SH 1 S kb3 5¥)
AR LG pH BRI, SF AL I pH LT .
Kk SF 4bEE4k, F. H. SH i1 S 42 0~20 cm 12 pH
HFEARE/NT 20~40 cm )2, H 0~20 cm 3
HCOs B 7 GRIGIEIBNE R T UL HCOs A E, COs”
B>, T2 COZ i) HiJa 2 1H /N T 20~40 cm (%
6) , ULBAIEN SH AFEAI S 4bFE 3% CO4% . HCOy
HILEEIS, 1 SF AFFHIE T COsY . HCOs B T
() 147 SFACHRLE BRI pH {25 THRBCR A a0 it S b
B, OFOACEE, 35 B AP o PR A e o
A B R B RR AL FRAE B 38 pH 5 T T B it
AE PR 45 A —E.

% 6 TREA& R AL E L3E HCO;, & T %R

Table 6  Effects of different amendments on HCOj™ ions of soil
TiH Items + 2 Z/cm Soil depth CK S ibEE SF b2 SH 4b 2 F b3 H b2
P 0~20 1.037 0.854 0.712 0.885 0.976 1.220
R
Before planting 20~40 0.915 0.671 0.834 0.976 0.732 1.098
. 0~20 0.610 0.610 0.488 0.488 0.610 0.488
Wk G
After harvest 20~40 0.793 0.599 0.366 0.723 0.488 0.610
HCOS B T 5 2t 0~20 0.427 0.244 0.224 0.397 0.366 0.732
HCOj3 defference before and after 20~40 0.122 0.072 0.468 0.253 0.244 0.488

3.2 PXRFIXIE HEEKHIF M

WETERE, JEEERR S R AR AT R R A
S P R MRERE. TR R TR A R
SR, PRI PR E 2 (3R kIR, R
BE R Ca® B4 LI A 5% BRI Na',
AR LAk de, O RESR T SR A B
HR, AR TR TIETR MR T2 Al
Jit FH PO A B e R R A B A 8 AR SR - B B
BB RIR SOR N —F B AR, PR T
whori, sEmOEHE 1A H R R . 2T T AR
A, B TR, D ENG, PAE S R AT
e 3R 5 R e o1 B AE B b RE R 2 O SR SR R

(r=-0.429, n=12) , R/=&kEE h0 R msg .
KRR, W= B R H2 SF b, B
I H 267 5, Bonf B4 51.63%. 1X 5 pH a5
BT — 30, PhE 4 28 e kAN H )R IR E B,
A 8 FDES B RR AE % (5. 38 58 3 H Ak R, 1
W E O, DR, AT R,
SR KA BB o TR I B 1L 7R IR
XTI, WA s S5HEER L 1A JRE
W2t F & 225 kg/hm?, i Bk 47 8 i P & 225
kg/hm?) A LU 3805 PN B T MK, S S B
EPEm, SCILEKIE 40%.
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1) EER AR TG0, SF AL FEFF 3 3R i i,
0~20 cm 2w, SF b P BFAK Z 50t R A R AR
94.30%, 20~40 cm +ZH, SF AbFE PR 5 X R4
B#{ 65.11%; 1[4 pH E 7, 0~40 cm 2+,
H Kb 2 B SR e

2) SR R E S ARt H A K, 2
mla H R 25 T &0 AL 1) H 25 bk
ZEH . TAURI =, 13 30 RN R G R 2H G it FH 1
PR B b

3) JEFERRAE A B A A BB AR H M R AL
B, REE T EREX S R R R, TR
Jiti P49 600 kg/hm?, Ji % 4 7 it FH &4 3 000 kg/hm?.
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Combining Desulfurization Gypsum and Organic Materials to Improve Soil
Quiality and Sunflower Growth in Hetao Irrigation District

GAO Huimin*?, WANG Xiangping®", QU Zhongyi*, YANG Jingsong®, YAO Rongjiang®
(1.College of Civil and Water Conservancy Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China;
2.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science,

Chinese Academy of Science, Nanjing 210008, China)

Abstract: [Background] Soil salinization is a global concern affecting agricultural productions in almost every
country. There are approximately 9.54 million hm? of salt-affected lands in the world, 4% of which, 0.35 million hm?,
are in China. Hetao Irrigated District, located in an arid and semiarid area in Inner Mongolia, is one of the three
major irrigation areas in China. It is deluged by soil salinity due to the double whammy of scarce rainfall and large
evaporation, which is further aggravated by poor drainage and irrigation management and shallow groundwater.
Apparently, approximately 69% of soils in the district are saline-alkali, hampering its agricultural development.
Remediating the saline-alkali soils is thus urgently needed. [Objective] The purpose of this paper is to present an
experiment study aimed to test the efficacy of using desulfurization gypsum and organic matters to improve soil
quality and sunflower growth. [ Method ] The experimental site was located in Hang Jin Hou with a typical temperate
continental climate. There was one harvest a year and planted mainly with sunflower, corn or spring wheat. The
experimental area was flooding-irrigated prior to sowing and after harvest, respectively. During the experiment, the
depth of groundwater level varied between 1.0 m and 1.5 m while the annual groundwater table depth is in1.0 to 3.0
m. We compared five treatments: Application of desulphurized gypsum (S), humic acid (H) and fulvic acid (F) in
isolation, application of desulphurized gypsum and humic acid (SF), desulphurized gypsum and fulvic acid (SH) in
combination. Without soil amendment was taken as the control (CK). In each treatment, soil samples were taken
from 0~20 cm and 20~40 cm soil layers prior to sowing and after harvest, respectively, to measure salt content and
soil pH. Plant growth indexes and grain yield were also measured. [ Result] All treatments reduced salt content in the
0~40 cm soil although the reduction varied with treatments. SF was most effective in ameliorating salt accumulation,
reducing salt content in 0~20 cm and 20~40 cm soil layers by 94.3% and 65.11% respectively, compared with the
CK. The H treatment affected soil pH most, reducing its value in 0~20 cm and 20~40 c¢cm soil layers by 0.375 and
0.735, respectively, compared with the CK. SF significantly increased grain yield by 51.63% compared to the CK.
[ Conclusion JAmending soil with all five improvers had a positive effect on soil quality and sunflower growth, with
SF amendment most effective in reducing salt content and improving grain yield.
Key words: desulfurization gypsum; humic acid; fulvic acid; soil improvement; saline-alkali soil; sunflower yield
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