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Effects of combinations of modifiers on physical and chemical properties
of alkaline soil and growth of Lycium chinense in Hetao irrigation area
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Shaanxi 712100, China; 4. College of Geography Science and Planning, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract; To evaluate the effects of desulfurization gypsum with different functional modifiers on the improve-
ment of alkaline soils in Hetao irrigated area, and to identify the best solution for the improvement of alkaline soils
in Hetao irrigated area, a field trial of alkaline soil improvement was established in Hetao irrigated area of Ningxia.
The field trials used Lycium chinense as the test material with treatments of control (T, ), desulphurization gypsum
alone (T,), desulphurization gypsum + vinasse + bacterial fertilizer (T,), desulphurization gypsum + bacterial
fertilizer (T,) , desulphurization gypsum + vinasse + bacterial fertilizer + water retention agent (Ts) , desulphuriza-
tion gypsum + micronutrient fertilizer (T,), and desulphurization gypsum + induced resistance (T,) to compare

and analyze the effects of different amendment measures on the soil salinity index, nutrient status and agronomic
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traits of L. chinense (survival rate/preservation rate, plant height and yield) for selecting the best improvement
scheme for alkaline soil management in this area. The results indicated that treatments T, to T, exhibited greater ef-
fectiveness in enhancing soil organic carbon (5.4% to 88.8% ) , total nitrogen (8.0% to 31.3% ) , alkali-hydrolys-
able nitrogen (11.4% to 41.7%) , reducing pH (4.8% to 10.3%), sodium adsorption ratio (SAR) (5.5% to
51.6%) , and total salt content (5.5% to 51.6%) in the top 20 cm of soil over the course of four years. These
effects were significantly more pronounced than those observed at a depth of 20~40 c¢m, with the degree of influ-
ence progressively increasing with the duration of the improvement process. However, the overall impact on total
phosphorus and fast-acting phosphorus and potassium content in the soil was weak or did not exhibit consistent pat-
terns. Among the different amendments, the T treatment proved to be the most efficacious in augmenting soil organ-
ic matter and nutrient content, reducing soil pH, mitigating soil salt siress, and yielding higher survival/preserva-
tion rates (83.88% ~92.22%) , plant height (74.16~140.13 c¢m), and crop yield (0.70~2.31 kg -+ hm™) for
L. chinense. Furthermore, correlation analysis revealed that pH, total salt, organic carbon, alkaline soluble nitro-
gen, fast-acting potassium content in different soil layers and interannual climatic variability ( annual precipitation
and temperature) were the main factors affecting the agronomic traits of L. chinense. Considering the effect of differ-
ent functional modifiers agents in increasing soil organic matter and nutrient content, reducing alkali and suppress-
ing salt, and achieving increased yield and income of L. chinense, the combination of desulfurized gypsum + vinasse
+ bacterial fertilizer + water retention agent was the most prominent, though its improvement effect still needs fur-
ther extension verification in the same type of saline areas in the Hetao area.

Keywords: soil functional modifiers; combined application; Lycium chinense; soil physical and chemical prop-

erties; Hetao irrigation area
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Table 1  Soil properties of the test soils in the study area
Iy HLS A LA R UYL R
S Zl: pH Electrical Organic Alkali-hydro Available Available S5 FEEL A
) kO; (1:5) conductivity carbon nitrogen phosphorus potassium Texture Main salt types
meren /(ds-m™)  /(gokg!)  /(mgokg!)  /(mgekg)  /(mgekg!)
0~20 9.17 9.7 4.15 27.06 6.70 172.90 Zhit Clay NaCl Na,SO, .Na,CO,
20~40 9.35 5.9 2.02 28.19 5.50 146.28 BiEL NaCl ,Na,S0, \Na,CO;
Clay loam
®2 M RSRERE R
Table 2 Sources and composition characteristics of the tested materials
(anvap s B s R
Test material Characteristics of main components Source

JBiBAT

Desulfurization gypsum

B

Vinasse
il

Bacterial fertilizer

FoK

Water retention agent

Ul

Micro-fertilizer

Ve

Induced resistance

FA KA CaO F1 SO, LIS/ o0&
Containing large amounts of CaO and SO; and small amounts of alkaline ele-

ments
AT EWERTTR A PLE
Rich in trace elements and organic byproducts

BRI S ST TR

PR T BRI R AT
Chinalco Ningxia Energy Group Co., Ltd.

T ERR R A IR
Ningxia Qiangersa Halal Food Co., Lid.

THRFWEDTARAF

Containing large amounts of beneficial microorganisms and nutrient elements Topsoil Biotechnology Co., Ltd.

IR PR R A

Superabsorbent resin material

Bl Bk BT I A TR A T

Mixed by B, Fe, Zn micro-fertilizers in equal amount

0.1% S=FFHLFE/KA AEP A KT

0.1% aqueous solution of S—abscisic acid and plant growth regulator

THEHIA I EABRA T
Ningxia Lvgao Modern Agricultural Development
Co., Lid.

T E AR IR AT

Ningxia Run’ an Microfertilizer Technology Co., Ltd.
TREHIANIT LA RRA T

Ningxia Lvgao Modern Agricultural Development
Co., Lid.
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Table 3  Applied amount under different modifier combinations
e T . ok e EE
o [ AL . . .
Qb3 Desulfurization X . . Water retention Micronutrient Induced
Vinasse Bacterial fertilizer . .
Treatment gypsum /( t-h - ) /( ke - hm’z ) agent fertilizer resistance
/(t - hm™2) o J /(kg - hm™) /(kg - hm™) /(ml - hm™2)
T, 0 0 0 0 0 0
T, 30 0 0 0 0 0
T, 30 15 150 0 0 0
T, 30 0 150 0 0 0
Ts 30 15 150 250 0 0
T, 30 0 0 0 45 0
T, 30 0 0 0 0 400

FH pH TR T8 3 2 38 pH  EC Fle$h &
T R PR 4 B A 40 R RS R
BRANIMAATE LR R BT L A I e 5
i 2R P e SR FHRR A 37 30 DN 2 5 - M 5l 5
K 0.5 mol + L' NaHCO, 0 5 ; - HEEh 3 58 1
Na® Ca™ Fl Mg™ 73l F K MG BE VA I EDTA T g 1
M IR (SAR) HHEAR A

SAR = [Na* 1/ /([Ca> ] + (Mg~ ])/2
1.4.2 #MinA KMk Ig4En 2 2013—2016 4, 7E
ARG /N X GE T H AL B 6 BT 5 R R AT
(2013 4F R LS 3, 2014—2016 WARAESR) K5
FERANRES /N X B LR 3 17, BT S 5 BRI
T A AR v R R, AT RS B (%) =
B/ FAEEX 1005 P17 2R (%) = PRAF U/ AR 2 4F 1K
IEE0x100; 77 8 (kg + hm™) = M4 5 521 F it/ Fh
RETRIA,
1.5 HEiiE

iz Excel 2010 X454 i kb 215 | R SRR 2
77 25431 ( One-way ANOVA) Fl &/ i 2 1 22 57 vk
(LSD) AN [) b BR ] A AT A 25 bR A - 9 2 b
bR 25 5 (R E KT P<0.05) , 7B Z Ak
B AT A A A R Oy 25 SR R 8 OF
Pearson A G/ A Al A 20 MR AR 5 1 e E AL 45
B Z 0] (R AH DG, 58 43 B Rz 16143 51 HE SPSS 22.0
1 Origin 2021 A58 %,
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T4 AFREE3T T8 pH, £3hF0 SAR BN ( FHE,n=4)

Table 4 Effects of different treatments on soil pH, total salt contents and sodium adsorption ratio ( mean value, n=4)

+)Z/em A0 pH 4R Total salt/(g - kg™") B . SAR
Soil layer Treatment 2013 2014 2015 2016 2013 2014 2015 2016 2013 2016
T, 8.90a 9.25a 9.46a 8.72a 2.99a 2.10a 2.88a 2.22a 1.65a 1.36a

T, 8.62a 8.92ab 8.63ab 8.42ab 2.97a 1.93a 2.29ac 2.44a 1.03b 0.51¢

T 8.5%a 8.74ab 8.01b 8.18b 2.82a 1.57ab 1.13b 0.96b 0.86bc 0.32¢

0~20 T, 8.24a 8.16b 8.18b 8.16b 2.66a 1.74ab 1.01b 0.54¢ 0.71c 0.24¢
Ts 8.29a 8.06b 8.13b 8.09b 2.50a 0.82b 1.10b 0.51¢ 0.67¢ 0.19¢

Ts 8.53a 8.88ab 8.34b 8.28b 2.84a 1.66ab 1.19b 0.90b 0.82bc 1.13b

T, 8.34a 8.74ab 8.46ab 8.02b 2.87a 1.71ab 1.48be 2.44a 1.08b 1.20b

T, 9.36a 9.08a 9.56a 8.94a 3.69a 1.74¢ 2.84a 2.44a 3.21b 7.07a

T, 9.17a 7.87b 9.58a 8.86a 4.48a 2.13be 3.06a 2.69a 5.14a 2.04b

T; 9.17a 8.42ab 8.03b 7.93b 2.69a 2.59b¢ 2.88a 3.50a 2.30be 2.85b

20~40 T, 9.15a 7.27b 8.34b 8.30ab 4.45a 4.46a 2.09ab 0.73¢ 1.63¢ 1.41b
Ts 8.71a 8.29h 8.76ab 8.42ab 3.56a 1.75¢ 0.77b 1.50b 3.24b 0.26¢

Te 8.89%a 8.96ab 9.46a 7.96b 3.78a 3.98a 2.35ab 3.41a 1.93¢ 8.50a

T, 8.56a 8.43ab 9.42a 9.06a 4.11a 2.85ab 1.90b 1.69b 5.88a 6.40a

T [FFUA RN FRERR R — R AN R A PR 7 48 . 35 28 57 (P<0.05) . Rl
Note: Different lowercase letters in the same column indicate significant differences between treatments in the same soil layer (P < 0.05). Same as

below.

RS AEAENTEEVR SRS SEWTIE( LHE,n=4)/(g kg")

Table 5 Effects of different treatments on soil organic carbon, total nitrogen and total phosphorus contents ( mean value ,n=4)

+2/cm Qb3 FHUBK Organic carbon 2% Total nitrogen 4T Total phosphorus
Soil layer ~ Treatment 2013 2014 2015 2016 2013 2014 2015 2016 2013 2014 2015 2016
T, 3.66b 3.26¢ 5.37¢ 5.65d 0.45a  0.41b  0.35b  0.42b 0.57b  0.60ab  0.81a 0.53a
T, 3.61b 3.69¢ 7.28b  4.33d 0.49a 0.44b  0.39b  0.47b 0.61b  0.53b 0.69b  0.58a
T, 4.47ab  4.70ab 10.07a 19.03a 0.49a  0.46b  0.39b  0.42b 0.59b  0.69a 0.67b  0.58a
0~20 T, 3.78b 4.26bc  8.88b 12.08b 0.50a  0.52ab  0.50a  0.62a 0.75a  0.90a 0.68b  0.62a
Ts 5.12a 5.88a 8.49h 14.38b 0.51a  0.58a 0.46a  0.55ab 0.60b  0.44b 0.47¢ 0.53a
T 4.63ab  4.54b  7.26b  5.45d 0.50a  0.57a 0.44ab  0.59ab 0.60b  0.51b 0.86a 0.58a
T, 4.02b 5.31ab  7.26b  9.03c¢ 0.49a  0.59a 0.48a  0.47b 0.61b  0.51b 0.66b  0.58a
T, 3.58a  2.63ab  6.06b 6.85¢ 0.54a  0.34c 0.46a  0.34bc 0.57a  0.62bc  0.87a 0.61a
T, 2.23bc  1.57¢ 4.54¢ 3.38d 0.35b  0.36¢ 0.33b  0.25¢ 0.62a  0.50¢ 0.64b  0.65a
T, 3.6la  2.83ab 3.96c 17.64a 0.34b  0.44bc  0.40ab 0.44b 0.59a  0.53c¢ 0.67b  0.62a
20~40 T, 2.28bc  3.38a 4.38¢ 5.84¢ 0.35b  0.36b  0.38ab 0.61a 0.57a 0.84a 0.34c 0.63a
Ts 2.76ab 2.63ab  8.58a  12.56b 0.41ab  0.38b  0.38ab  0.46b 0.6la  0.59¢ 0.25¢ 0.60a
T 2.41bc  3.28a 4.18¢ 6.77¢c 0.38b  0.41b  0.36b  0.48b 0.51a  0.45¢ 0.93a 0.53a
T, 1.83¢ 3.17a 4.80c 7.64c¢ 0.36b 0.54a 0.40ab  0.25¢ 0.56a 0.72ab  0.68b 0.65a

#6 FRMEXHEERLFS QBTN (FHE,=4)/(mg - kg™")

Table 6 Effects of different treatments on the content of available nutrients in soil ( mean value, n=4)

W e SO S
2 em e N ﬁﬁfﬁ%ﬁk . K d ‘ '.'J_)&"f_q]‘
: Alkali-hydrolysable nitrogen Available phosphorus Available potassium
Soil layer  Treatment
2013 2014 2015 2016 2013 2014 2015 2016 2013 2014 2015 2016
T, 26.42b 10.71e 27.13b  34.78b 3.05a 5.31b  5.78a  6.00b 66.60b  86.83¢ 105.01b 152.01b
T, 28.20b 17.81d 31.42a 32.86b 3.42a  5.24b  3.69ab 7.21ab  81.38a 147.41b 108.23b 205.18a
T, 29.40ab 21.52¢ 34.27a 34.26b 4.5la  6.14ab  3.99a  3.86¢ 78.01ab 135.46c¢ 138.11a 139.00b
0~20 T, 26.24b 25.97b 34.27a 46.14a 3.93a  5.33b  2.92b  4.48c 72.79ab 112.78d 110.78b 158.68b

Ts 32.6la 34.13a  33.56a 40.05ab  3.63a  8.63a 2.90b  5.85b 72.47ab 185.26a 108.78b 172.31ab
T 29.81lab 21.52¢ 33.56a 43.35a 4.08a  5.21b 2.31b  8.58a 72.10ab  90.82¢ 104.79b 133.73b
T, 27.76b  23.74bc 30.35a  32.86b 3.93a  7.14a 3.09ab  7.21ab  77.52ab 141.72b 111.13b 205.18a

T, 12.14¢  14.99¢  20.71c  22.96b 3.95a  4.22¢ 5.6la  3.25b 69.52ab 146.11a  92.04b 150.70a
T, 17.85b  22.26b 19.99¢ 21.08b 1.35b  5.12¢ 3.3lab  2.86b 76.37a 151.39a  90.12b  99.80c
T, 19.28a 27.45a 19.28¢c 21.08b 2.81b  9.22ab  2.12b  2.88b 64.00ab 132.47b 146.21a 125.75b
20~40 T, 18.21ab 15.71c  18.56bc 40.05a 1.55b  11.41a 1.70b  2.49b 61.94b  109.13¢  82.03b 116.77b
Ts 19.64a 15.58¢ 34.99a 30.76ab  1.55b  8.12b  2.00b  5.10a 69.30ab 119.0lc  82.24b 159.69a
Te 19.64a 27.45a 17.85b 41.95a 2.41b  4.24c 1.72b  5.63a 63.87ab 117.53¢  89.11b 120.76b

T, 16.07b  27.15a  16.42b  21.08b 1.45b 11.13a 2.00b  2.86b 68.16ab 130.48b  83.32b  99.80c




126 T XA 5T

541 45

2.4 AELEXNHIERZIEREAZ N

MAS[F K BAEBR KB, 2013—2016 4FE A [a] b 33
[ RAAC BTG SRR AT AT R4 2 8 T 6.8% ~
32.7% ,19.9% ~46.7% ,18.71% ~ 41.11% F 18.76%
~3731% (1), ek RAFBRAGIE A, & A0 35T #
FEAFIE 2/ DR AT 22 I R I A Tm) ke R AR 3R A A
R Te A0t A AL T A T S 56 o, IR i L I ] £ AiE
KB AER K, 2014 2015 i1 2016 4FEMyAC Rk = 4 5]
ke 2013 HESE-H448 0 68.2% . 76.3% 1 77.6% . X T-#)
TP i 7, A ARS8 R e e B el R AR B 52
s TR AR ot DL 2015 AR M AL P 4
MRS, A BN BRSF- Y 39 I 610.7% . 53 4k, 2013—
2016 A2 R I R MO AC A 6 5/ DR A7 5 Bk i A
BIUL T Ak P (PATA 5 +IRE + BRI+ ORK ) SRk
25 ARBREETHRREERNEWEE

T

AL Ak BER My A AR PR S 4 RS A R
[] R RH G A &8 R 3R I (181 2) | A [a] 3 B A M ot
FEPR AL AR 2R (BRI 38 PR R a1 52 )
AN, BRI MR G R £ 25 0~20 em +)2
EREEEEFIEM LR, MEH 0~20 cm +)2
pH {5 2 TR K FR (P<0.05) o XF T Fk i F17
W, & SR 25 HURR 6 A 20 85
B R EORIEAHSCE R (P<0.05) ,H5 0~20 em +
ZpH HLL W+ 2 e st BE AR (P
<0.05) . FHILZT 4RS00 S5 A o A= o it
P B SE R (P<0.05) |, AR K Bt 5 1k i A
PR IEAIE LR (P<0.05) T % % kAT ik
TR/ PR IR B AGE B 8 7K P (P>0.05) .

0~20 cm A #L 7% Organic C

20~40 cmf HLA% Organic C

0~20 cm4: % Total N

20~40 cm4: %( Total N

0~20 cm%: % Total P

20~40 cm#: i Total P

0~20 cm i fi# % Alkali-hydrolyzasable N
20~40 cmfi fif % Alkali-hydrolyzasable N
0~20 cmif X% Available P

20~40 cmik 2 Available P

0~20 cmif 2L Available K

20~40 cmik 2 #f Available K

0~20 cm pH

20~40 cm pH

0~20 cm4> #h Total salt

20~40 cm%: #; Total salt

4345,k Mean annual temperature

434 [#% 7K 5 Mean annual precipitation

B E FRRAEF B i

—

= oo [l

(=} (=} f=l
T T

B HRAE %
=
[}

Survival rate/Preservation rate

[Se]
f=}
T

(=1

2013 2014 2015 2016

Plant height/cm

=1

2016

I3
[553
=
—
w
[553
=
—
~
e
S
—
On

78 Yield/(kg « hm ™)
—_ —_ N o
> W o

(=1
w

2013 ] 2014 2015 2016
-y Year
gr, OT1, MWAT, OT, OT, BT, ©T,
TE AR NE TR R Al — AR Ab B8] 22 5 2 (P<0.05)
Note ; Different lowercase letters mean significant differences be-
tween treatments in the same year (P<0.05).
1 TEKEXHICHIE R RIFE RSB0
Fig.1 Effects of different treatments on the survival rate/

preservation rate, plant height and yield of Lycium chinensis

H2% & 2 Correlation coefficient

1.0
0.6

0.4

0.2
-0
- —0.2

Survival rate/Preservation rate Plant height Yield

I Note: # ; P<0.05; * * ; P<0.01; * * %, P<0.001.
B2 #MIERZEERSHERFENEXSH

Fig.2  Correlation analysis between agronomic traits of Lycium chinense and environmental factors



BT VA - A [] e IR 70 it X 5 DXl A - S B A 1 B R M e A A rg s e 127

55
3 W ®

5T B — 2 RS R [6], AS G X
TRAERE X AL R MR A R S S
AR HE B R4 A Be e, & AN [A) i R 500 4 A T
fiti—E R E AR T 4 pH (AR b & MR
I, TS 6] 46 o R 790 it A B B 45 6, 2013 48
FKALFE A4 pH E M 23 &2 T R AR IN ] B
FE2F(P>0.05); b o B AFEBR B, ot B B
(2014—2016 4F ) Xt BE AL B34 (2 25 F % 43 HriA
R RGE X A B A AL A B B — s R 2% b
BE T 5 55— 7 T A% 20 A Ak 38 v A R B A1 B VR A
TRER YL T4 , A6 v AN 38 pH (B A0 AR Bl 1L 2
AT PR VE R T EL I AR R A R IO et T R S
INECE s i i, IR B T Na® B B8 7, A TRTRE
PR A B BT A OR . B R AR BRI, 1
BeEh BLd Ay Bl R IR T AR R I R A
R Rk 05 T, AR A1 B A B A Oy — Ak KO
it B 45 BN 36 50 1T BB 3 - A b A
Tt TR AR ) A Pl - S A R T T 7 A s il o
AUE I dE AN BRI B o ke L A
JEEEAEDS , 20 4 AR R & B, AN A ek B
LA AL TR - Sk 0 B EL 38 I RRAS, LR L T, |
T, 1T AP FREE fo ol W3, T T F0 T, Ab B4 X
PR RARR B /N, X R B0 — Ty T A A B A B
TAHKE Ca™ Mg” B EGY, 1 5h Ca™ Mg™ 5
TURE RN 2351 S SAR WA 5 55 4wl A I 1y
BCRt AR L4t T R EH IR MIE /TR,
B 5] A KA 25, e 0F 17 3% 40 B 0k
SR K AR 45 44 B B, %ot T B R ok - ke
FIRGF ORI ; Tk i o0 2 AP R 5 560 4 5 1
P %ot 9 W B b A 38 R AL A FH RS R 3 L & T
REA TR,

HHEE ML AR W DL HALTR o A PR A
Gy BC N =R (I R < N N 5l o = 2 e L0
X 0~20 em HHEA HLAK 4R AR A S $E T
YEFIPET 20~40 em, HHFZma 582 Bl ek K A7 FRAFERS
TR T8 5 T T 8 4 W | ROl | s s o i
PRIV F 8 A 4 55 R A7 76 — S0 A 1 AR Ak
— B, B R A B T ARy ek AR AT
B, AN BEAR A 10 fiff Rl Ak 1 398 <R AR 988" SR Rk
R ARG R e BB AR S O [ ) i e R
Biti— 2 R BE LT LASR A LR SiG . JLRP Ak
R FIALE], DL T ARBEX AR [R] 4 2 L 4% i
R mE N fabrde FHE R o i, X 22

PR T AbBE AP R N 35 53 TR 1) 4 72 T Ko
A LT R T 2 [ I Ak 2 0 T A %) fam 34 o
T MR SR A DA il R 1 (A5 R 1
BB TE oy R ML 55 5 a2 i e 1R A IR 498 i i 4
T, 3% 55 R 2250 K 70 5 e A it X 4 SR e —
L AN, PR X WA T RN KL R
K, BRAGR B B — 5 R 1] LABRAR K 3 2% & F
P K SO TR T R AR PR R
JKBE T A0 38 7= Ry A R T R Y N
ﬁﬁ%[m—ﬂ] .

ARHFFEAR AT EE R BoR  MIAC G R B
REEATEERELMEXR, 51 pH HE
HERA LR (P<0.05) , X THERZRNIS,
TH S L2 U B R R A R R
SRIEAH R KR (P<0.05) ,fH5 0~20 cm 3 pH {H
PR )2 el i B 0 2 UM DG R (P<0.05)
JURh 4 2 70 2 A e Xof A A B3t 23R L Ak o A 1 1)
PREFHVEFH 35 2 30 o 3 0 = A HURR S S
i R DA SO s B PR IE R AE K R E Y pH
A TR IR BB, B Ah, BF 5 IX A A M 45 1
(IR E R 7K ) Yo AT A AR AR A 0 7 i 4 et A7
FEF TR0 , TR A AR K % B 0N ARIE S B Y
YELVE TR 43 1% A BE S R I 22 B Rk a4 . KA
MR ITTRE XA R L AE K R T SN, G FE B
LRGN, A () 5 R A it b DR KR SR R A 1
Byt — o A% b AR IE T A X K 43 FN AR T R 1Y
AR TR, R T & SRR, E R
2Tk - 9 1 e L RE R Ok, PRI I Y 3 o
o 0 RN T b ¥ AT 7 R R L B

FOMR R ZZHBCER Bl ph T K 0TV 2 1 it
SHCE A P A, 1 R 1R A PR
Y, S AR B A WS I — e B LR T
T LT o i, AT R e T M AL R R 48
A% HEAS ] Bl B i i S - SR AR AR b R AR
DL R AT A 2o G v B A R + TR + TR + £
IKFN Aol RACR B , BeAh, % T AT 55 40 s A0
XTBRIH B 3 5 R A7 4 300 1 sl 2 W, TR AR 3
AN B B it T 14K 3003 B Ak SR | L Ay i 5 s X
[7i] 28 7R B 7 £ 7597 T AR L O AR o Y BB K
P AT R

4 25 ig

2013—2016 473080 S 25 A5 K e Ar 2 B, AN T
ol R4 A e BY 142 5 AT pLAR L 4 Ak
IRy WA pH (H  SAR FI43h & ik T HIAD



128 T XA 5T

541 45

AR AT, FL AL A O AR B AL T R AR A
B I ELS e A R i A R A BRAE AL 1 I 6 A
RO ARG bm 2 285 HILAR Bl e 0 S8
AR K S IR A SC O AR TS pH fEL 42
HRAER R 2 B R R, AR R4
U] BB AT + TR + 1 + P K 590 TE e 7 5
IR ANFR I 75 B | R A £ RS B R4 7
ST TSR 2, A T B8 S B ) N ] A e T £
75 B2 A TN HIOR | e 2 2 e LAY
RIT%E,

8 % 3 k.

(1] ZRBEE, (af3coF. SR 13N % 3 koA ™ A b B s ).
WHEAORLE, 2010, 49(10) ; 2571-2574, 2578,

LI H X, HE W S. Research progress in the effect of saline-alkali soil fer-
tility on both yield and quality of Lycium barbarum L. in Ningxia[ J ]. Hu-
bei Agricultural Sciences, 2010, 49(10) . 2571-2574, 2578.

[2] XIEXF, PULJ, WANG Q Q, et al. Response of soil physicochemical
properties and enzyme activities to long-term reclamation of coastal saline
soil, Eastern China[ ] ]. Science of the Total Environment, 2017, 607/
608 1419-1427.

(3] BXAIR, 2k, shEEhEA M]. deat: Bl2Atit, 1999; 7-10.
ZHAO K F, LI F Z. Halophytes in China[ M]. Beijing: Science Press,
1999. 7-10.

(4] Fffmw, wmbtd, SIORVE, 55 SROROb R RREe R HIRTTEAA )], st
“#4, 2011, 66(5) ; 673-684.

WANG J L, HUANG X J, ZHONG T Y, et al. Review on sustainable u-
tilization of salt-affected land [ J]. Acta Geographica Sinica, 2011, 66
(5) . 673-684.

[5] sk¥dk, ZRmk, WL, 55 S RAOFTEIRR B REA ). VT
VB, 2017, 45(18) ; 7-10.

ZHANG Y F, LIW Y, HU H, et al.Research status and prospects of sa-
line-alkali land amelioration in China[J]. Jiangsu Agricultural Sciences,
2017, 45(18) : 7-10.

[6] ZHANG Y, YANG J S, YAO R J, et al. Short-term effects of biochar
and gypsum on soil hydraulic properties and sodicity in a saline-alkali
soil[ J]. Pedosphere, 2020, 30(5) : 6%4-702.

(7] MUK - BIfGRL, B, A58, 55 R 22U R+
BESEREERAICR T ] Bl R, 2020, 57(9) : 17541761
Di Li Nu Er - A Bu La, HUANG J, QI T, et al. Study on the effect of
washing and desalting ofsoil in saline-alkali land of Xinjiang by the
breaking of the barrier by the deep pine ridge[J]. Xinjiang Agricultural
Sciences,, 2020, 57(9) ; 1754-1761.

(8] FLHEl, DhElid, Heala, 5. BbiArE S R A IR

B Y W R AR AL AR R [T ], ORI, 2018, (21)
129-135.
DU Y X, MA K B, KANG Y M, et al. Influence of adding structure kri-
lium combined with desulfurized gypsum on takyric solonetzsoil improve-
ment and growth of Lycium chinense[ J]. Northern Horticulture, 2018,
(21): 129-135.

[9] JEfEE, 258, XIMRAE, S 0 FHINSRNT Eh plh 30k R ACRIRSE
[J]. gl Bl 2020, 49(11) ; 71-78.

FAN Q Y, LI J, LIU Z H, et al.Improvement effect of feed rapeseed on
saline-alkali soil[ J ]. Journal of Henan Agricultural Sciences, 2020, 49

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(1) 718,

BCHH, =R, A, 45 WIS HK TR SR T %
S RACRIFA (1], EEHR, 2019, 50(3) ; 617-624.

GENG Q M, YAN H H, YANG J Z, et al. Evaluation for soil improve-
ment effect of open ditch and concealed drainage engineering on saline
alkali land development[J]. Chinese Journal of Soil Science, 2019, 50
(3): 617-624.

KRR, B, B, A5 RIFHE KRS I R T DX R

ZHANG Z 7., ZHANG J X, HUANG J S, et al.Efficacy of a drainage
system in remediating saline-alkali soils in the alpine region of Qinghai
Province[J]. Journal of Irrigation and Drainage, 2018, 37(12) ; 78-85.
I, INEEE, TR, 45, RETAX T BT | B X RO R S
BRI ], 7KHERE, 2019,(8) : 1-4.

ZHAO BY, SUN Z J, HE J, et al. Effects of blind ditch on saline-al-
kali soil and Salix babylonica growth in Yellow River irrigation districts
of Ningxia[ J]. Water Saving Irrigation, 2019,(8) ; 1-4.

KL, LT, TR, A NIFERSR e R X e
SACETEE R S sz ], ThE A A4, 2012, 20(9)
1216-1221.

ZHENG P S, HAO B P, FENG Y C, et al. Effects of different saline-
alkali land amendments on soil physicochemical properties and alfalfa
growth and yield[ J]. Chinese Journal of Eco-Agriculture, 2012, 20(9) .
1216-1221.

AEHE, XIEEE, Ragut. MuKVEER R mbER 7 (LY
[J]. HEBEHK 4R, 2019, 38(HH)2) : 52-56.

ZHU G Y, LIU G F, XU Z H.Effects of washing salt by washing water
on salinity variation in coastal saline and alkaline land[ J]. Journal of Ir-
rigation and Drainage, 2019, 38(S2) . 52-36.

Al HO, XA, 55, IR B AR [ FH e s e 3 R
BOR BN s [ ) ] PR TARA, 2018, 12(6) : 1800-1807.
SHI J, HUANG C, LIU J, et al.Effects of different application amount
of flue gas desulfurization gypsum on amelioration of saline-alkali soil
and crop yield in Xinjiang, China[ J]. Chinese Journal of Environmental
Engineering, 2018, 12(6) ; 1800-1807.

T, HIERZE, A, S5 PR SUBRREE T G XAl LD
TRt ) ] TRHXARITFE, 2010, 28(6) : 206-211.
WANG B, XIAO G J, YANG J, et al. Effects of coal-fired flue gas des-
ulfurated waste residue application on sweet sorghum cultivation on
alkali soil[ J]. Agricultural Research in the Arid Areas, 2010, 28(6) :
206-211.

SMAOUI-JARDAK M, KRIAA W, MAALE] M, et al. Effect of the
phosphogypsum amendment of saline and agricultural soils on growth,
productivity and antioxidant enzyme activities of tomato ( Solanum lycop-
ersicum 1..) [ J]. Ecotoxicology, 2017, 26(8) ; 1089-1104.

Wk, WRATE, ZE8IHS, 45, Shib i b Koo i s b il ik 1
B[], APREAESAOEAR (FPFES0) , 2019, 27(10) : 1578-1586.
YANG C, CHEN HY, LI J S, et al. Soil improving effect of Suaeda
salsa on heavy coastal saline-alkaline land[J]. Chinese Journal of Eco-
Agriculture ( Chinese and English), 2019, 27(10) . 1578-1586.
SRR BRI E IS S TR [T ). TRk, 2000,
(1): 17-19.

JING X X.Progress of research on saline-alkali soil remediation made by
amendments[ J]. Agriculture of Henan, 2020,(1): 17-19.

FkfRte, INEAE, BIRHRI, 45 BMEHIN BB S M & s R AR
R AR RCRT]. PEIbfll 244, 2009, 18(5) : 208-212.
ZHANG J H, SUNZ J, JIA K L, et al. Effect of desulfurization gypsum



3 BV VA5 < A [A) e5r R 70)TC ft Xo Yo A5 DXl A 398 B A M B B A AR A A 52 il 129

[21]

(2]

[24]

[26]

and specialsoil amendment for improvement of takyr solonetzs[ J]. Acta
Agriculturae Boreali-Occidentalis Sinica, 2009, 18(5) : 208-212.
MO, 2R, TR, A SRR X R B R
WSEMRRIBTEL . A PMERI2AA, 2009, 28(5) : 951-955.
PANG HC, LI Y Y, YAN H J, et al. Effects of inoculating different
microorganism agents on the improvement of salinizedsoil[ J]. Journal of
Agro-Environment Science, 2009, 28(5) ; 951-955.

WA, N, TR, F. IBUR SR I RATER i 1
e A RCR T ], B, 2011, 42(6) : 1467-1471.

HUANG J Y, YU H L, ZHANG ] H, et al.Effects of flue gas desulfu-
rization gypsum and krilium application on alkali soil amelioration[J].
Chinese Journal of Soil Science, 2011, 42(6) ; 1467-1471.

T SRV AR THIME I [T . B bR, 2015,(2)
62-63.

WANG F D.Barbary wolfberry role in the restoration of sandy vegetation
[J]. Protection Forest Science and Technology, 2015,(2) ; 62-63.
TREAE, SRR SR P X AR SR PRI AN RIS R R
WARAEELT]. H4E, 2011, 42(5) ; 1045-1049.

ZHANG ] H, JIA K L.Response of microbial populations, soil physical
and chemical properties to different amelioration agents in saline soil
[J]. Chinese Journal of Soil Science, 2011, 42(5) ; 1045-1049.
B H. PR HT M. 3 B dEat. s EgRE ik, 2000.
189-193.

BAO S D. Soil and agricultural chemistry analysis| M]. 3rd ed. Beijing:
China Agriculture Press, 2000 189-193.

IMES:, B, R, ARIPRSEATRT S = Mg mii
IR RSO ). K AR, 2013, 27(4) : 186-190.

SUN Z J, HUANG Z B, LU Z H.Improvement effects of different envi-

[27]

[28]

[29]

[30]

[31]

ronmental materials on coastal saline-alkali soil in Yellow River delta
[J]. Journal of Soil and Water Conservation, 2013, 27(4) : 186-190.
RHE, ZE4Em, UK. AU HLIICHLE SRR LI Y i
O[T ). AATEATIAEE, 2004, 20(1) ; 37-40.

ZHANG H, LI W ], NI'Y Z.Effects of biological-organic-inorganic com-
plex fertilizer on soil microorganism activity [ J ]. Rural Eco-
Environment , 2004, 20(1) ; 37-40.

FREES, oRI, XKL, A, ANIR]ME R AT e 4 R L
AR )], bR, 2017, 34(6) : 1141-1148.

LU J N, ZHANG Q, LIU T J, et al. Effect of soil conditioners on
saline-alkali soil and growth of Kentucky bluegrass[J]. Pratacultural
Science, 2017, 34(6) ; 1141-1143.

TESEA, FEAS, 23, 45, P ROA S i MR 5 it H X e
oSO ER AP AR [ )], VIR 2, 2018, 46(17)
264-269.

WANG L M, GUI P, LI HS, et al.Effects of combined application of
improver and microbial agents on saline-alkali soil and salt-tolerant
plants[ J]. Jiangsu Agricultural Sciences, 2018, 46(17) ; 264-269.
B, K, 1A, 55 WOERTEE A A BAROK P RE R
[J]. FPEAER, 2020, 36(24) : 54-58.

WEI M, LUO L X, YANG P H, et al. Micro-fertilizers ; effects on the
properties of super absorbent polymer synthesized by nuclear technology
[J]. Chinese Agricultural Science Bulletin, 2020, 36(24) ; 54-58.
B, TREN 2R, A BOGIR I E R AR Y
LT Al TR AR, 2002, 18(1) : 22-26.

HUANG Z B, ZHANG G Z, L1 Y Y, et al.Characteristics of aquasorb
and its application in crop production[ J]. Transactions of the Chinese

Society of Agricultural Engineering, 2002, 18(1): 22-26.

(L% 100 )

[27]

SO, FAA , IR, % RIS NERR AT
YIS R SBR[ )], RS2, 2012, 32(16) ; 5128-5137.
WUGL, GUOLY, CULZ Y, et al. Differential effects of nitrogen
managements on nitrogen, dry matter accumulation and transportation
in late-sowing winter wheat [ J ]. Acta Ecologica Sinica, 2012, 32
(16) ; 5128-5137.

B, JTIE, kAR, AE P R NE T B R R R
FIB R AR [T]. A8 I 5 R AR, 2021, 27(9):
1534-1547.

LV G D, QI X L, ZHANG ] B, et al. Response of nitrogen and dry
matter accumulation in middle and high yield wheat cultivars to water
and nitrogen supply[J]. Journal of Plant Nutrition and Fertilizers,
2021, 27(9) : 1534-1547.

R, RKIbE, DA, & BRESFKERELNERRIB
SEMALY]. VEALAE AR, 2007, 27(8) : 1605-1610.

GUO T C, SONG X, MA D Y, et al. Effects of nitrogen application
rate on carbon and nitrogen transportation in winter wheat[ J]. Acta
Botanica Boreali-Occidentalia Sinica, 2007, 27(8) : 1605-1610.
AT, EERR, JIMG, A5 RUIEHE F B A RIS N E T
JARER MESER IR [T ], KA BE 24, 2017, 24(3):
1-5.

NIU Q L, CAO G Y, WAN P, et al. Effects of nitrogen application

[31]

[32]

[33]

on dry matter accumulation and grain filling rate of strong gluten and
weak gluten wheat [ J ]. Journal of Tianjin Agricultural University,
2017, 24(3) . 1-5.

e, EMle, 2o, AR R IRVNE SR B
AR = W] 2 RAEW R, 2012, 32(6):
1134-1138.

WEI'Y L, WANG B L, LI R G, et al. Effects of nitrogen fertilizer
application on distribution of dry material, assimilation of nitrogen
and yield of different wheat varieties[ J]. Journal of Triticeae Crops,
2012, 32(6): 1134-1138.

FRER, MIER, 25000, A MR XA FIER AL N 7= 5
THIRRIREIEM )], A2, 2010, 30(1) : 116-122.
WANG G L, YEY L, LI H H, et al. Effect of nitrogen fertilizer ap-
plication on grain yield and dry matter accumulation for different gen-
otypes of winter wheat[ J]. Journal of Triticeae Crops, 2010, 30(1):
116-122.

BB, sk, TREL S FRARERA PR AUEXTNE T
JRAR AN BRI [T ] 2P, 2014, 34(2) : 194-202.
CAI R G, ZHANG D, ZHANG M, et al. Effects of nitrogen applica-
tion rate on dry matter accumulation and grain yield of winter wheat
under irrigated and rainfed conditions[ J]. Journal of Triticeae Crops,

2014, 34(2) : 194-202.



