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Effects of different improvement modes on the properties of alkalized soil
and the yield of Chinese wolfberry under drip irrigation

SHEN Jing-li'*, YANG Jian-guo®
(L.Institute of Agricultural Resources and Environment, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750000, China; 2. Guyuan

Branch, Ningxia Academy of Agricultural and Foresiry Sciences, Guyuan 756000, China)

Abstract: In order to determine the best comprehensive technology integration model of Chinese wolfberry planting
in alkalized soil in the Hetao Plain of Ningxia, the field experiment was carried out to investigate the effect of soil improve-
ment and yield increase under four improvement modes ( drip irrigation + conventional flat planting, drip irrigation + dig
trenches+external soil backfill +root restriction, drip irrigation +dig trenches + original soil backfill, drip irrigation + dig
trenches+original soil backfill+root restriction). The results showed that different improvement modes could improve the
permeability of alkalized soil, reduce soil pH, total salt content and alkalinity, increase the survival rate and yield of Chi-
nese wolfberry. Drip irrigation+dig trenches+external soil backfill+root restriction was the most effective improvement model
of alkalized soil, which could quickly improve soil permeability, effectively leach salt, so that soil pH, total salt content
and alkalinity decreased to 8.93, 1.330 g/kg, 26.37%, respectively. Drip irrigation+dig trenches+original soil backfill+
root restriction could reduce soil pH, total salt content and

alkalinity to 8.97, 2.138 g/kg, 31.26%, respectively,
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HETE . [ EE SN &R0 755 (2016 YFC0501307-02) which was the most economical improvement model of al-
YEZ R LA N (1990-) , 2, T E AR it EE MGl - kalized soil. Drip irrigation + dig trenches + original soil
K B 25 ORI T 25 A e SR BT 5E . (E-mail) lily_s90 @ backfill + root restriction could increase plant height,
163.com ground diameter and crown diameter of Chinese wolfberry,

BIEE M E, (E-mail)yjgnx@ 163.com and the yield increase effect was the best. Under this
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mode , the fresh fruit yield reached 5 024.25 kg/hm’, which was 52. 10% higher than that of the control, realizing the win-

win of economic and ecological benefits.
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Table 1 Physical and chemical properties of soil in the site

rum L.)

drip irrigation; alkalized soil; improvement mode; Chinese woltberry; yield; water and salt regula-
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+ R & DAL AL 2R Y S € TR TRALE
(em) pH (g/'kg) (%) (g/kg) (g/'kg) (g/'kg) (g/'kg) (mg/kg)  (mgrkg)  (mgrkg)
0~20.0 9.75 5.245 41.20 2.92 0.240 0.40 20.2 15 4.41 210

20.1~40.0 10.43 2.813 49.15 3.46 0.290 0.46 23.1 7 3.06 255

40.1~60.0 10.29 1.900 44.25 3.46 0.310 0.54 22.1 6 1.77 230




VI T 5 TR A T S [R] i R AR SO B f S B R 7 A5 345

1.2 iRIew A

BERMAL SRR A TAL 7 B BRAERATE
G KA, BRSO Cas0, - 2H,0, pH K
7.95 &N 1.03 g/em’® 4K SN 11.10%,
APUERMAFE, L (HYD ) pH h 9.69, 423k
4 0.330 g/kg, WALEE R 0. 71% ., HLHFHK pH
8. 02,5 LEE 0. 438 ¢/L,
1.3 iRt

WREF 2017 4E AT, R FHBEVLIX 11201, 1% 4
LR 3 RE S, X (CK) - TR #E S5 R
STl iy 2Tl A A, T R E 47 i AR 3R 1
(T1) : FETHE 251 B e A2 FPAE A ( FEE 40 em, TR
80 cm) , YA YA T HLAE , A5E B BB 50 em FTFL, AKX
B T ORFEAT A28, FVD 00 R v8 9 R 52, SRR
PR AAC , TR AR TE + T 78 + % L ol JE + FRAR s Zb 2 2
(T2) : FETHE 25 B e FZFPAE A ( FEE 40 em, TR
80 cm) ARUCHT FOKFEFF A28, & B + /5
18 S A [ SRR YA TR 5, SR A A AL, fRTFR
THTE+TF 78 + 5 = P IE A B 3 (T3) . RV HE R T
SCAZFhAE S (9 E 40 cm, RE 80 cm) , VAN 7E w5 b
JEE RS BRI S0 em FTHL AR FORFEFF 428, H
223 VR B 1 S5 (%) Ji A 2 252 [l SR RR AR V8 512, SR
S BIAEARIAT , TRTRR T HE + VA + Ji - [+ BRAR

N i1t o T A = B Ra K 01 € w3 1
FHHE A28 000 kg/hm® , JE17 BABE IR WA BE  BEBE, 5
FHEOCEHACE &, 2017 454 H 15 H AT FP
FEAIAC , Rl 2 AFAEMIAC T, AR FECH 1.0 m, ATHE
3.5 m, MRCEERRS , WATHIIL 1 AU EEE, T Sk )
HEok 0.5 m, BERE 10 d 1 WOK, HE K E & B IR
50 m*/hm’, #EAKIFE] A 1.5 h, B E %A 500
m’/hm?*, /NXK 6.0 m,ﬁ 3.5 m, A 21 mz,ﬁﬁﬁ
VK AL AER IR e AR
14 NZEIIREFE

AR AEBEAACRT 20 em AYTEE PN
T URE R F 8l 2 51 SR 420 ~ 20. 0 em 20, 1~40. 0
cm 40. 1~60. 0 ecm 2R BE M) L3RR, LB
RRAAPAEZLY, ARAT GBS 1 mm fL2
it , T s - AR

AL PR AT 2 < AR R Ak
Mg ; +3 pH, R pH 1HI5E (K 2.5 1.0, )5
) B EE R R IE (KRS
1, ) s RHEAS R Al i, SR FH M G B i

S 3 BHEPHES FAc e i, R SRR 5 5 1 10
R i e ss et 4l 1 | IR B T Ag i 15
TSR A Ry Ak B = - 4 Ss e - 4
PH B F 22 # 7t x 100 ; + 3 HLAR L %, >R FH W 4873k
SE , 1 B8 [ Bl - 38 o b 43S v Rl 43 - S5 o

MRt K KB RIE 2017 45 6 A 15 HIE
AR FEHIAD B B 252017 4E 7 A 15 H R ER
I P AR v R e S P 80 D s - RGN 5 A
A

Mk = B A2 . 2017 4E 8 H 9 H 45 Ab BH B
15 RiAm AL EESR AU e AR R RO e AR B AR s 18
B2 100 Rt e SR, o RS o i, 75 1 E o
S, M S PR R, A5 R T B 2017 4R 7
A1 BIIGRER 7 d SRd 1 WM AR Fe /N X
TESU R, BRI AL

FRC b TR < AEISCIR B 22 s R SR R SETR
FEE A SR 20 B R B N R
i, AT EORE R L R TR E MR 2R
R AR - TR L 2V S A A ISR 7 i R
B ORI, R AT R R S SR FH 43 B v
S HIAC B-HEE N 2R B R FHVRORH (Al
1.5 EESH

RIS BHE ] Excel 2007 % 314 &, #
DPS 7.05 #4725 57 W 17 .

2 HR50Hr

2.1 ARMREXITEE M IR0

2.1.1 smAL E3E S K F G n  HHOKI &M
AR HER R, X HAERETRE EZAEH,
A R R 0~ 20.0 cm,20.1~40.0 cm,40.1~
60. 0 cm T4 FACRIGAAIF L0 UL 1 1 2 FE 3,
T1.T2.T3 By IS KR BALT CK, B8] 3 Fhek
RAE I ReSE Ml ik L 58sE a7, (A4 = AR
HAMIE, FHONTI>T3>T2>CK, 58 HIF N | BN
BTG , CK ik R 3B K PE 2 KR ME T8 )
Gyt BUK s T 38 5 KORAR T Il b 3, R BH B
U R BRI A RNB K PERR LS T2 Al T3 Ab#
FI0E T A 2850 A2 o IR 25 T AR, 1
T BERHAS S BRI N, AR T R KT B
T3 1E T2 BYEEAH |, >R M AL AR VA PN 2 o b 1Y)
R A , B akE O b R K 2 A 1] I B0 TR BUBRK X
U1 KGR, B =K o R



346 o9 &b 2 W

2020 4E & 36 % 2 M

IR (%)

Aty
OCK; mTIL; @T2; B5T3
CKHE Al T THHE+ IV + % L I+ BRAR ;T2 V9 + I
VB + 5 AT s T3 3 + T 0+ S I R+ BRAR . AN [) /N S R
FoRFE S W (P<0.05)
E1 FAEXRZFERXT 0~20.0 cm HESKEPHIL
Fig.1 Variations of soil water content in 0-20.0 cm under dif-

ferent improvement modes
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Fig.2 Variations of soil water content in 20.1-40.0 cm under

different improvement modes
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Fig.3 Variations of soil water content in 40.1-60.0 cm under

different improvement modes
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IIERRCRAN O T A AL P AR AR S5 R T+ [
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JE A S m A B o B R B 42.77% | 34.07%
42.56%, T2 Ab B 4r 5] F B 22.25% . 23.40% .
21.59%, T3 Kb 3 4 5] T B& 28.42% ., 28.61% .
27.67%., T1 AbFRFEAL 1 A0 3 A 5OR T 8 3%,
VLA B AL BN 0. 719% 5 70 + 9E 47 %+ (8] 3 1)
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®2 AEAMREAXTLEpH £ EEMHLENTH

Table 2 Variations of soil pH, total salt content and alkalinity under different improvement modes

0~20.0 CK 9.66+0.03aA 4.999+0.06aA 40.89+0.21aA
Tl 8.60+0.06bB 10.97 0.850+0.06dD 83.00 23.40+0.19dD 42.77
T2 9.55£0.09aA 1.14 4.501+0.03bB 9.96 31.79+1.04bB 22.25
T3 8.63+0.08bB 10.66 2.657+0.02¢C 46.85 29.27+1.18cC 28.42
20.1~40.0 CK 9.75+0.03aA 2.717£0.01aA 48.37+0.41aA
Tl 8.89+0.00cB 8.82 1.811+0.01dD 33.35 31.89+1.17dC 34.07
T2 9.62+0.08bA 1.33 2.106+0.00bB 22.49 37.05+0.88bB 23.40
T3 8.97+0.02cB 8.00 2.017£0.00cC 25.76 34.53+0.53¢BC 28.61
40.1~60.0 CK 9.78+0.03aA 1.819£0.01aA 41.45+£0.91aA
Tl 9.31£0.07¢B 4.81 1.329+0.07¢B 26.94 23.81+1.95¢C 42.56
T2 9.47+0.03bB 3.17 1.792+0.01abA 1.48 32.50£1.69bB 21.59
T3 9.32+0.08cB 4.70 1.740+0.01bA 4.34 29.98+1.81bB 27.67

FAEBRILE 1, FSIARNG FREFRIR 225 B (P<0.05) , AFRRE FREFRORZ 5 8.3 (P<0.01)

2.1.5 sPEAC EIEAAA R F o ANFEBRE S5 B EOKRE SR AT 2, B R A H
KT PRt VR £, T1 R & R 20 WRARARLR T W SH EEFHIMNA G 10 Tk
L FHMEN 90.77% , J& T 2RV KIEF IV 15 K, T2 8 T3 H3EFU A T+ 5% -2 5 H
T2 T3 RZ N T EEMB LR Z 0 CK RS BERES, BB K, PR PRI, XA Y 5 41
HIRAK, PR 39.23%, )8 TR R+ EEAMRAERER.

(£3), Yrmdtk, HER T8, HEKEE

®3 FRRREXTENMARNTL

Table 3 Variations of soil mechanical composition of different improvement models

0~20.0 CK 36.50 24.40 39.20 HEAL 1 Bt
T1 5.90 4.00 90.10 W RS+ w42k
T2 20.10 16.20 63.70 WL B e
T3 12.00 12.10 75.90 W R+ W2
20.1~40.0 CK 36.50 26.40 37.20 b e Bt
T1 7.90 2.00 90.10 WEERY + W%
T2 24.10 14.10 61.80 TR+ L2k
T3 14.00 16.10 69.80 s S Btk
40.1~60.0 CK 37.40 21.30 41.30 g+ Bt
T1 3.90 4.00 92.10 T R+ A2k
T2 26.20 18.20 55.60 AL 1 Bt
T3 18.00 10.10 71.80 TR L Fhge 4k

FALPRILIE 1T,

2.2 AEMBEEXXMHICERKAMEHHIY o R AR A B ) R AT BTG RATE B E M2 5, CK
2.2.1 stHfe A kIt Heh R4 A R T1.T2 F1 T3 43 %K 71.43% . 95.02% . 85.71% .
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92. 86% , IR T1 F1 T3 ()7 A 5 ik = A i 12
i R RS AR M RN R, B CK A il R e
33.03% .30. 00% , ASAlHr BT Al bk ey | Az
FIEE M A2 fb A B AR — 3, AR R B T3>T1>T2 >
CK. 5 CK AL, T1 F1 T3 Ab ¥ 43 548 v M A bk 5
34.62% 38.46% ,T2 MRk Z . T1.T2. T3 5 CK
AH AR AL A R AR 0 0l 3 0 T 48. 80% . 40. 51% |
86.30% , 25 5l i, oy, T3 Kb 36T A AL A B b
BRI K, T3 #fd e i K T CK L T1 #1 T2, H
225035 T3 B CK MAe iR 42 =5 97. 50%

222 sHALFEIRARG Hm M R E 4
H(FRS5) KW, AR el R AT A #E A SRS AR
T E kLR R R T 2 AN B o T3
e, B CK 2» B3 An 8.95% . 5.89% ., 12.51% .
#5 FANBERTHRFENTL

22. 83% ; AR R AL AT BT 42w A A 7~ £, T3
ARH A Kb 2 7 A5 R A A, B R R 5 024,25
kg/hm? | TR 754 M1 246. 71 kg/hm® , #¢ CK H4 =
52.10%,

F4 TERRERTHIREKITROTL

Table 4 Variations of Chinese wolfberry’s growth indices under

different improvement modes
WP OREE (%) BRE (em)
CK  71.43+1.07dC  52+3.00bA

WAL (mm)
6.64+0.13dD 40+8.72 cB

SEEME (em)

Tl 95.02+£0.99aA  70+3.46aA 9.88+0.21bB  67+2.65bA

T2 85.71+0.01cB  65£9.54abA  9.33+0.11cC  41+4.58cB
T3 92.86+1.15bA  72+14.42aA  12.37+0.06aA 79+5.29aA

AP 1, RSIARENG FRERR 225 B (P<0.05) , A H
REFRFRERWILE (P<0.01),

Table 5 Variations of Chinese wolfberry’s yield under different improvement modes

Ab B YAt (mm) i (mm) HRETTE (g)  BRTRE (9) SRR (ke/hm®) TR (kg/hm?)
CK 13.86+0.55aA 9.68+0.39aA 84.24+3.37aA 20.89+0.12aA 3 303.34+£10.95dD 819.69+2.72dD
T1 14.91+1.09aA 10.22+1.24aA 93.02+9.92aA 21.30+3.32aA 4211.83+10.48bB 1 045.12+2.60bB
T2 14.55+1.15aA 10.02+0.44aA 85.97+2.75aA 20.90+0.10aA 3 636.75£9.15¢C 902.42+2.27¢C
T3 15.10+0.31aA 10.25+0.17aA 94.78+0.01aA 25.66+4.44aA 5 024.25+£0.19aA 1 246.71+0.05aA

FALIILIE 1 P NG 5RO 25 5 3 (P<0. 05) , A FRE TR 22 540 .35 (P<0. 01)

223 AAA R RISAR G Fvdm RS R E 2
W(FEo6) LKW, T3 BME E&Hm,TI RZ,MELT
CKArAI3ahn 1 13.95% . 12.40% ; T1 Fl T3 ZHE &

®6 FRBREAMICHRNEL

D T AR B CK BN 24, 24% ; )
FOEHSEOR B G- % N R & AR, T3 &R
BefE 5 CK 09423 T 46.55% 12. 74% 76. 50%

Table 6 Variations of Chinese wolfberry’s quality under different improvement modes

Ak PR B (g/kg) SR (ke) WS (wkg)  HEE (mgkg)  B-HIE FEEHE (mg/kg)
CK 129.0+0.6bB 6.60+0.60bB 0.58+0.01dC 46.30+£0.23¢C 4.680.01dD
T1 145.0£6.1aA 8.20£0.20aA 0.78+0.01bB 50.30+0.21bB 6.56+0.05bB
T2 138.0+3.0abAB 7.00+0.06bB 0.62:+0.02¢C 46.30£0.26¢C 5.13+0.01cC
T3 147.0+7.6aA 8.20£0.10aA 0.85£0.01aA 52.20+0.25aA 8.26+0.06aA

AL 1, PR NE FRERIR 22 5 B3 (P<0.05) R RIRE FREFRIR 2 50 B35 (P<0.01)

3 17 i

TR AR AR A 32 R 18 - R A 7
A AL 238 UK GBI RIR B, 3 T RES | i 1 3
UCAERRIR AL IR, MAC S TR R A, $h o A AR
KA T P BATEEA AT, XHARAC B 7 £ R
JRCHIAT — 78 R 2 AT 5 AE B A B 5
SRR AL | BT P M B 0 8 + P b R T + T
T8+ %5 [+ FRAR TGP + 0T + Jit - oL G 7 +

TE + A IR+ FRAR 4 P R4 ik R A0, i
AT A e R OGS Bl T = 9 5 A VR R SR, &
B[R] ek R B B 42 2 Ak T 388 B e 7, BEAIK
13 pH A & B AGRAL B, o I+
A1l FRARASE 2 Y I VbR B i s, P M
90. 77% , T A BRI, Fhivk 55, Re sl s 1B %
PERE, A RO PR ER4), 6 - 58 pH 4 4h & & wlifb
I3 R R 8.93 1. 330 g/kg.26. 37% , 2 hsifk 14
AR AR, e AR S 2 SR Sk R
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B VDo 2 RE AR A AT X E K AT ¢ 2k
LT, WU T LR AR, AROKBE T
Gy, FHERSAER B HAR G I I 45 Rt R
LR b 55 A0 VD B P ER ORI L T T I +
JE A R SEL I 4+ T 3 + 5 (RS + PRAR AR 2 T T
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