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Effects of rape green manure returned to field on saline alkali soil improvement in Xinjiang

LIU Hui, LI Zi-yu, BAI Zhi—gui, LIU Jian-guo”

(Shihezi University/Key Laboratory of Oasis Ecology Agriculture of the Xinjiang Production and Construction Corps, Shihezi 832003, China)
Abstract: We investigated the effects of returning rape green manure to field on saline alkali soil improvement in Xinjiang. Moderately
saline and alkaline wastelands were subjected to three rape green manure treatments : 1 year(T1), 2 years(T2), and no green manure (CK)
to elucidate the effects of returning rape green manure on the physical and chemical properties of saline soil, soil salt composition, and
cotton yield. The results showed that the effect of returning rape green manure was as follows : T2>T1>CK. Compared with CK, T2 and T1
treatments significantly (P<0.05) increased cotton seed yield by 27.5% and 13.5%, respectively. The pH value and conductivity of T2 were
1.0 unit and 0.7 mS - em™ lower, respectively, than that of CK; Moreover, total nitrogen, total phosphorus, total potassium, and organic
matter content of T2 increased by 44.8%, 9.1%, 6.5%, and 115.2%, respectively. The content of saline—alkali ions in the soil was reduced
by returning rape green manure to the field. Compared with CK, the content of T2 salt composition Ca™, K*, Mg, Na*, Cl~, SO%, CO%, and
HCO; significantly (P<0.05) decreased by 30.3%, 42.7%, 41.0%, 30.5%, 39.2%, 33.0%, 32.2%, and 32.1%, respectively. The results
indicated that rape green manure could improve the physical and chemical properties of soil, increase nutrient content, decrease saline—
alkali ion content, and have a good effect on saline—alkali soil improvement in the oasis arid area of Xinjiang.

Keywords :rape; green manure; saline—alkali soil; soil physical and chemical properties; base ion
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B R AR AR, R IR E A A AR s, 2
H5 2 ZE R (AT ) AR AR b 3B A FEL AT A2 21 8
TR PEAR S R Ay R T R Ty G
LS w LR W TE IT G 0 S A M R 2L
i PSR R AT SR R HEBRAE S —
TG40 A ek R ARAG 212 R, S o i
RN R - R W A A R R AR B
ORI B O R R A RORS . BRI 25 O AE
A AT R A 4 Eh i, 3 A WL T |
AW, BB A AU A Fh e T S Y OB (B
Y AN TE] o R AR WA E 2 5. Bruning 5558
T TR Gl b R A G R VR LR T, kB SRR B A
Ol ER TR kb S PRIRE A RS o THSRAE S — R LAY
RNE, A R R R IR, HaE T Btk eR , B
LGNNI EIN T B TY VA SN ES S S i b ek 7/ PO N 821 ]
e R BR 32 B A SR NIE AR P ) R ek R AL, 2R IE
Rt FEBZE RIS H YT B a e T TN
AR E FiHBG Ea BT R R R
B e B v B m S 1 , ELA IR A 3 - A A
FHUB A SIS SR I R XS A 7 ek R
BN, A B B 0 B R RE A N - 3R 4y
i Pem IR ). B RIS A E Y ) B
2SR5 8 e w1 W I )1/ T i A B
DAk B 2 I 2 T A 1 | BT SR BT R R Tl SR i A
XoF 5 s ek - S R ASCR R A . AR S AE B
SELER P BRI PRI T, TR T S A A B X
TR TR ER A B R RS Y, DUDR
HH 7 S R T B ol S Rk = (RO, A e SR - 3
A ek B AERL R B B AR

1 #E5E7FE

1.1 56t

T 00 b R R A R L AT\ 146 1T (b
45 44°36" 175" , 5 4 85°57"35.72" ) .o T R b
Y VB JR 43 Mo R 3B,y R WEAE A R VD B R 4% g R
362~353 m, J& JUAY R Pl 0 fe , JoRE Il 148~187 d,
AE R K A 110~200 mm, 4E 78 & HE 20 1 500~2 000
mm , % XA F LA B 2, b R KA g, 3R A
FERIMER T R i 23 # - 3 il A A P 4
1.2 56t

I e £ B AR ) R B kb, H pH 2 10.26, B
TN 1.37~2.18 mS-em™, R HIBL A HLE % = 8.7
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g kg, BREEN03 g kg, EBEFENO0T g kg,
147 g ket WFFTBEE SRS IE A ML 1 AR
(T1) IHSEEENE M FRAA FH 2 4 (T2) A1 JCiH SR S B H
AR (CK) , FEAL FRTA AL 9.6 mx 100 m, B & =%, il
SERE AR B 2 b ARG S TR) 7 H R0l T 3 i R AR
M4k 625 (B f b ol K g fit) @ Fh i 15
kg~ hm™ i HEAR 1S , 3 FIETE i 300 kg« hm ™ 1 B R
B JE 30 d I U BE KB Bt R 2, 331 450 ke -
hm™, 44 F HAGEIK 4~5 1, 10 J1 H ) R FF s 5 B0 B
TSR SR b 16 5 i 67 500 kg - hm ™, BHAHIR
Ji 25~30 cm. T 20194F 4 H 25 HAEFHILE , S Fh N
“HTBE 4657 SR R RS T E AR B A A A 13
BoAT, MUEKEIES5 700 m®-hm™, Jiti AL | FH ] 45 53
5 SEBRAE 3
1.3 tHRE

RIS+ FERERE R 201946 A 7 H (MiAE7E
) AI20194E7 A 5 H (FAEAE2 1)) , A~ b 3R A
FAR A BURE T B B4 2 0~20.20~40
40~60 cm AT HFEREE B R IRE LIS ARG S
BT B A A KB RS, ARRT
1.4 MEEIERFiE

W X - S BR BAR P R A B /N Sk RIS F 2ok fL
4 2 mm 3G W E 3 pHAH L o | R
T, A A I E BTAE AT 0.25 mm i
- 58 pH BN 2 SR A HL A7, TR R it + L SR A
1:2.5 2K EL A7 0 5 5 4398 H 52 2% R DDSJ-308F
T H SR AL ATINAE , K A 105 H3EER 0 4
B E : Nat KR KA G T 5 COS \HCOZR HIL

5 715 751 — Hp ORI 2 925 5 CL 2R Al R R o2 75 5 Ca™

Mg™ . SO% K H EDTA i 2E i s T3 ZCR FHELIRE A
5 4B AR AT

FAAE B4 7 k48 b 5 B2 8 25 4 A6 1R I3 ik B L Bk
1R R B BRI R A B AR T A
PN TR
1.5 HiES 5 L8

BdE i 3 K FH Microsoft Excel 2010 1 SPSS 19.0
AR AT B et 4 B, R FH Duncan 7546 56 20408 (1)
ZSREN.

2 HRESMH

2.1 SM3EEREEXT 18 pH EHI 200

+ 3 pH {H 2 i SRR B ) — A AR
Fro MRAEEZIITI T2 AbBE R 445 pH (8 A9 28 A F7AE
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B FTs A AETE 1 pH (72 R — )2 B3R BLh CK>
TI>T2. 5 CKAHEL, T1 4L pH {E7E 0~20,20~40
cm F140~60 cm + )2 535 F R 1 0.7.0.5.0.2 5407,
T2 AbFEREAR T 1.4 . 1.2.0.9 3047 . 1A DL T2 . T1
A3 pH 5 CK 1E 0~20.20~40 cm - 2 A4 78 i % 2%
5t (P<0.05) ,7£ 40~60 cm 1 )2 T2 4b ¥ pH{H 5 CK | T1
Ab BRAFAE B 3% 22 5+ (P<0.05) , T2 . T1 4b P pH {H 75 %%
1 R B 25 5 (P<0.05) . KRAEAEES ] pH (8 728
S SHAEHY —5., T1.T2 40 # pH {E7E 0~20
em A CK 43 9 T RE T 0.5.0.7 4~ B, 1E 20~40
em T T 0.5.0.7 407, 7E 40~60 cm 133
S5 NRET 0.6.0.9 B, [RIET, 7E 0~20,20~40,
40~60 em )2, T1. T2 5 CK /77 i % 22 57 (P<
0.05) ,fHJET1 5 T2 Tt g 3% 2= 5% (P>0.05) .
2.2 HEFIBEERT TIE ECER N

TR SR (ECAE) B S e 1340 7 = i A8 bR

TEAF I AEES ] 1 EC AR Rl 5 )2 TR BE Y g i 38
K, HE 40~60 em 1 )2 K i K 2.4.1.8 mS-em™
AL W (I 2A) EC R B A CKSTI>T2, T2 X 4 4%
EC i 1 FARROR B2 (P<0.05) , 46 +)2 H I ECH
B CK HREMR T 0.8 mS-em™, T1 AMFRAE 4 1 )22 4% CK
5 35 (P<0.05) BEAIK £ HE EC (. # AL AL 1 (&
2B)T1 . T2 X} 415 EC{EL Y R AR AR IR 4678 1 — 3.
T1.T2.CK =AM AbH 2 ) B 44 i 25 22 5 (P<0.05)
T1 4b 3 1 3 EC i 7E 0~20,20~40,40~60 cm 1 J2 %
CKFEI% T 0.4.0.5.0.4 mS+em™, T2 b FFE 0~20,20~
40.40~60 cm +- 25 CK 4 HI B T 0.6.0.7.0.6 mS -
em™, T2 FRARRCR B B R o
2.3 HELKIBENEXT LIS B =

TSR IE B0 5 A TE B A I LIS A&
AR AN 3 TR AEARAETE W AR I i 4
R BT IR 0 1 TR A . A TR

fit, LHEEC MO, & dim. WE2a B 0% L2 e RS ER O CK<TI<T2, CK 5
127 A Bud stage 121 B.fEAHH Flowering and boll stage
a a a a
! - : —
_I__l)_ c +—')— c _I_ b :11— b p j_—}x)— b —E— b
8f % 7 % sl % %
T T
2, 2
4t 7 at
7 7
7 7 7 7
7 7 7 7
7
7
7
0 0 7
0~20 20~40 40~60 0~20 20~40 40~60
+HERIE Soil depth/cm T HERE Soil depth/cm
Ogc @OT  #T12
ANTF NG S 3R Rl — SRR T AR B ] 22 7 1 2 (P<0.05) 0 T 1]
The different lowercase letters indicate significant differences among treatments in the same depth (P<0.05). The same below
B 1 SRR EET T8 pH E NI
Figure 1 Effect of rape green manure on soil pH
251 AAEH Bud stage —aI— 2.50 B.AEAHA Flowering and boll stage
_ 200, 4 b . 2.0r a
= | Eay : o }
S 15} b % S 15t .
2 2 kK £ b ;
=< N [ =< L
a 1.0 7 7 E 1.0
0.5 0.5
0 0
0~20 20~40 40~60 0~20 20~40 40~60
A+ BEVRPE Soil depth/cm +HEURFE Soil depth/cm
Oc @OT1 @712
B2 SRR EE X T3 ECER R
Figure 2 Effect of rape green manure on soil electrical conductivity
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Figure 3 Effect of rape green manure on soil total nitrogen content

T1.T2 Zb PRAETE i 25 22 5 (P<0.05) , T2 5 T1 Z Al
FEAE 3 25 5 (P<0.05) , HAF I I & b 4 R
TRAE0~20 em )RS TR o MIAEET I (181 3A)T1
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em 293 B4R B 25.0% . 17.4% F19.4% , T2 % CK 14
W 43 5 M 46.7% . 36.2% K1 34.5%., 484645 W (&
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CK 38 43 52 54.2% . 51.6% F145.7%,
SR R R e, g A & AR fb n &l 4 B
N, R R T SRR B A i R . AR
251 (B 4A) 1E 0~20,20~40 cm F140~60 cm 1+ )2, T2
5 CKAM 2wk & an e T 11.2%.14.7% 1
12.1%, 2 5 8 3 (P<0.05) , T1 1 0~20,20~40 . 40~60
em +E B EREINT 2.7%.5.1% .4.2%., HIELE
B 7E 0~20 em £ )2 CK L\ T1 T2 Ab B[R] TG I 5 22 5%,
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225, 40~60 em 1 2 H T2 40 H ) 4 1 R
CK . T1 4353601 11.0% F13.4% .

TSR SR AT B 5 - A Y o UL S TEARAE
(R SA)T2 B % (P<0.05) 27 T4 L2 s
i, B CK I 6.6% .4.5% F16.1%. HRAEAEE ] (1A
5B)T2 4bHiAS CK 45 2 &8 & &5l T 7.9%.
7.6% Fl 6.5%, 22 5% . % (P<0.05) , T1 &b P 1E 0~20,
20~40 cm 125 CK AL HAFEAE B 35 25 7, 05 T 4
115.9% F13.5% , £ 40~60 cm 2 5 CK LR HEF.

TSR LR NE B R 5 - A LT 5 WL 6, M AE 7S
WI(EI6A)TL T2 Hhg HILF & i i % (P<0.05) #8 i , H
HTE 0~20 em 1 J2 A HLBTHG IR JC 0 B 5, A L5 IR
}161.5~167.7% , 1E 20~40 ,40~60 cm +JZ2T1 5 T2 2
) 22 55 i 2% (P<0.05) . FiAEfE8 I (K1 6B), T1. T2 4b
Y5 CK Z (Al B 35 22 5, T2 A BRAG HILJST &5 s 34
R i % (P<0.05) , 7 0~20,20~40 ¢m F140~60 ¢m +
2 B 107.6% .70.1% . 70.7%, [ B T1 55 T2 4b ¥

B4 jlREEHEN LRSS ENHMm

Figure 4 Effect of rape green manure on soil total phosphorus content
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Figure 5 Effect of rape green manure on soil total potassium content
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Figure 6 Effect of rape green manure on soil organic matter content
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20.3% H1 18.5%, T2 4b BE Ca® & 5t 43 ) FEAK 27.5% .
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FRAETE W) AEES W 20 0 BEAIK 29.3% . 42.8% F11 35.8%
45.6%. T1.T24bFE5 CK A Eb SO% & 1 7E 0~20 .40~
60 cm )2 EBAAAE b 3 25 57 (P<0.05) , T1 A3 SO% &
T EARAE AT ] 20~40 em - JZBEIR KA 23.4% , FEA%
BRI 0~20 em T2

ISIA
)7

0.8 mg-g™', T2 AL F SO% 7 &
R 3k 37.8%, FEAK 1.5 me- g™ AN[EIALIR CO% &

http://www.aed.org.cn



X 55 I SELRAE T30 P X i ol - S 14 8 R ASCR 5

2020 11 A

0.67 #5] Bud stage
0.5F a
b
0.4r ] —=—
0.3 ¢

021

 Calcium content/(mg-g™")
o

0.1F

+ﬁ5

Ca

0

0~20 20~40 40~60
4R Soil depth/cm
0.20 4] Bud stage

_‘bD
;:ED a
< 015F [
% a
‘% b
§ 0.10 c b . a
2 b
2 c
2 o0o0sf
i
&
2 9
0~20 20~40 40~60
VR E Soil depth/cm

0.201 #HA Bud stage

a
0.15r 7

0.101 b

0.051

NN

+ A L

Mg' % it Magnesium content/(mg-g™)

0~20 20~40 40~60
+HEURFE Soil depth/cm

L2 1 25 1] Bud stage

£ ool )
E 09 —-
2 b
:
S 06 Ki ?
£
E
=]
Z ot % 7
oy / 7
I 77
: / zzz

0 0~20 20~40 40~60

VR Soil depth/em
O cK

. 0.67 FE#4 M Flowering and boll stage
oo a
o 0.5F [
E b
= a
s 04r c —
E 7
S o03f ¢ a
= 02f
O
iz
& o1 7
s
]
0~20 20~40 40~60

4B Soil depth/cm
0.20 #E44 3] Flowering and boll stage

oo a
%Eo —F
= 0.151 b a
z ] 1
E ¢
S o.a0f b a
7z :
z 1
g 1 b
i
&
% 0
0~20 20~40 40~60
VR FE Soil depth/cm
T’;D 0.207 74411 Flowering and boll stage
&0
E
= 0.15 a
=}
—5—
E b
- c
£ 0.101
R
§ a
£ b
= 0.05f b a
i b b
&1
=
= 0~20 20~40 40~60
+HEURFE Soil depth/cm
L2 1 284 W] Flowering and boll stage a
E =8
50 a b
E oot - —
% a b c
S
S 06f bob T 7
£
3 7
=] 7
@
e 0.3
ba
s
“ 0
0~20 20~40 40~60
L3R Soil depth/em
OTt ©#@rT2

7 HRFEBEN TIELEEE TR M

Figure 7 Effect of rape green manure on soil base cation
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Figure 8 Effect of rape green manure on soil base anion

A, A A 33.1% . 32.7% Fll 24.9% , Y {7 76 i & 7N, T T2 SR BREC S CK TG I8 & 22 55 A AE Ak i 40

=5, BB T 27.7 em #1111 em, T2 5 CK 2 5 8 % (P<
2.5 MEERBENBILTENZIT 0.05) . T1.T2Ab B AR 7L AL &5 808 CK 2 % (P<

TH =3 25 IS 39 R G A A8 7 e MR A S e a3 1 iy 0.05) 311 36.9% F141.5%., T1.T2AbFHBARRE KR B

— 920 — http://www.aed.org.cn



X 55 I SELRAE T30 P X i ol - S 14 8 R ASCR 5

2020 11 B

B S CK 225 AN 35 o ISR SR N 0 3 HH 4 e A
AEFF AR = 5, T, T2 40 BEEE CK 43 51 35 i 13.5% F
27.5%.
3 itig
3.1 HEERIEEERT TR R A R

KR B R EY), R R A RSB P RS
SN R R EAIET ST TE G 2 LB, rT i
B A RANE K PEY, B T R B S Th
Seag Nl o i nT AL S AV E R AR S E Y R
MRARAR IR R ECE, LR = $ R
PAT e AR ol R R A RCRY . AN [ A
R LRI XS 44 pH A 52 m R — 350, A W oT e B BB 22
W B G AR B 0 8 pH AL, 4
W70 EE =Tl 5 pH A" A WS il sk
JIE B J5 38 pH (AT S 8 1 TR B, 1 X AR v A
FE IR BN ) it g 32068 - SRR AL IR %) 52 o fF 9% 445
R—F, R e SFEPRIF G R A [F] 9 2% o) ER
Hiu R R R RCRAS TR A TR SE R A i R et A7 7
255 UCE TR - JEOAEE I RE AR — 2.
32 MEEZRBEN TEFSHZI

SRNERE A R A B 5o ) b 3 T
R RO SR B R AR AR B R R
HH 5 22 85 fifpad R 0T DA™ A K nl s A ALY, i ml 1
iAW [ RURE T, R i - AR A
HE A+ HEFE A 1 B BN, JR T 3R A I
SAE N T AERE Y, A A IR R R O
HA G & &R/ B B0 E, & HIEAEY o s T i
EAE P 1 W ) R B M e R B B R
P SRR SRR R A LA 2 TR R
W SCRN T o B R AR I SR AR NE B A s, 14
SR AHESHRENZ AR SRR,
52530 A R S P Deng SE B ST 25 A —
B, ASLLELERR P S 4 N0 B RE T AL - R Y

HH, HHA BRI . SR8 FPRE BT RE
fifi T AR 2R A K RE %, 3L R A A 4 g 1
T, B 3 M TR -3 25 AR IS R, 1
SEREE VIR AR VR IR B AR A, B AR M T fiE
RIS A0 R 1 it T, %o 2% i - S SR o A e LA
WA
3.3 HREBAREEERN TEILFHEFHIZM
- A8 P AR R B 3o 22 R B BH S T 2 T AR B A
3, R A B SR L B A, R R
AR R T A I T R YL R, BRI
BEER AR AT s B R R ERAE DY, S5k SR 4 e
BT a1 1 ol AR — 3. B oT R BIh S e BT
96 H R R B A B S T R AEG  BEER  F
e H T AR A B, O T e A 2
it DT 920 - 8 e AT Bl B 25— P MRz B 4 D %
R FES, ABFFE R, 5% A, RS I R 1
AR 2 4F 4% 1 2 M BH B T S e e S
EREAR . RIS A AR IN AERRAEET ) L
Ca™ \Cl 7 it W 25 - HE TR B A 388 in , % B0 5638 344 1328
TR B B 3 Ca™ I E B L4
H)2t, 3 Nat . CO% \HCOS 7 Bl )2 14 336 438 1 2
TN, FORTETE I Na® . CO% HCO; BAE - HE TR
2, K Mg™ (SO W R B A 3R s 11 R R . 7EMH
AL Ca® K" Mg SOSFHEAER 2 3 d  Na*,
ClI".CO% HCO:mR)Z T3 R . X 55k s 55
PRI 6 F G Rk S HE X 58 8 1k 21 43 19 245 SR — 3, 7
SICRIE G, TSR AP i A R AR
I, RHEFLERIS 2 K S B R, R B 1 IR
J2 B[R] Ao S NS 1 it P 2 188 hn - 38 LR 4 g 4
JE B, A BB A R A 43 v U B R T L BRI
bR B S, AT RS I R A A5 R

4 #ig

(1) I S 2p AT B0 s 30 2 48, 550 BEAR L, 4

R BEFEERKEER

Table 1 Investigation of cotton yield characters

< ok SRAY 4 v e
] MR pa R e mpmm TR
Treat . Total number of plants Plant heisht/ Fruit branch Boll lant Boll weicht/ Lint Yield per unit area/

TOAENE harvested/(10°+hm™) ant heightrem number o perplan on weighlie percentage/% (kg-hm™)
CK 17.4+0.5a 64.8+1.4h 6.5+0.2b 4.9+0.3a 4.7+0.2a 0.41+0.00b 3991.3+162.8b
T1 18.0+0.3a 76.0+0.3h 8.9+0.2a 5.2+0.4a 4.8+0.0a 0.44+0.00a 4530.3+410.0ab
T2 18.6+0.5a 92.5+4.8a 9.2+0.2a 5.6+0.3a 4.9+0.1a 0.45+0.00a 5090.7+414.3a

TE « [F A A [l INE PR A B R 22 57 8 25 (P<0.05) .

Note: Different letters within the same column indicate significant differences among treatments at 0.05 level.
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