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KT 2016 4F 10 H—2018 4£ 10 AT &
BRG] 8 v X B U M B 4 5 TR 5% e Ak )
A7 212 X JE R T 5 X, H 3G, O IR R
Fo R e IR 25 KRR 8.8 °C . AEHREIK
W2 200 mm, Z& K B, FE KK E A
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12,98 g/kg ., A E T & 53 E0 M 50. 20 mg/kg.
AT B0 13, 65 mg/ kg, 3 SCH B 2y
$h 175,91 mg/kg,
1.2 A&t

I DL R 5627 T E M HEAEY . & 3 A
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2017 4F 10 A ¥ . 12 £ K WCER )5 4 L 1 38 45
H AR KU WSS [T J FH A R AL B 22 o 8 o R
JE<C5 cm, i AL 3G it 75 AT 2450 CF 88006 TR
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75 2R 8RB 25 om J5 RN K RS2 HE K
T 3000 m®/hm?® . 3 FH S it 35 76 Bk 2= 9200t . it
JIES 422 H 32z b DX ULt A, g A AR T JEC TES i R R
(Frali N &8 46 %) 18 450 kg/hm” , i3 % iR £5
(P,Os; =120 i &4 900 kg/hm” . G BR 48 (&
4l K, O 20 50 %) i &4 75 kg/hm”, il 2E
MR REAEFT (70 cm X 50 cm) » /NX K 10
m, % 5 m, H NG R B H i, TH 3
U HE I Ty =X B K i
1.3 MEmBRFZ*
1.3.1 XgEHhigss WEREO A 15 H)RE
FERES I Z 0~10 em,10~20 cm, 20~ 30
cm 1 JZ A G bR, LISD-2 4 MR B 0] 5 + 4%
BT RE, WEOR-PR kW b HE KRR MR MR
PRV IR T VA E AR T A
1.3.2 XEAFIHAF SHEMMBERG A 15
HO L i A 15 HO &7 A 15 H) (i
W19 H 15 HOREE LA, T HERGIE AL 0L T 26 A
T BB E TR OO sigE, +
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DDS-11 i 3 R A0 2 HL 3 28, 45 5 oM B3R
SRR SR, I R O SR R -
FREA Lk, DL 24 h 5 23 NH,-N 9 (mg)
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1.4 #HELE

JH Excel 2003 X} %445 % B FE A H] SPASS
17.0 #EAT J5 25 40 B » 1 2 MK F- 2 (P <<0. 05,
n=5),H LSD kil 1T Z & L,
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Different lowercase letters indicate significant difference a-
mong treatments(P <0, 05) ,the same below
E1 FEAFTELSENTEARRENZMW
Fig. 1 Effects of straw returning to

the field on soil volumic mass

2.1.2  EEOKRABHEBERAK R 1AL EE
FEINEE . >>0. 25 mm & 8B BEAM, T2 4 F 0~
10 em + )2 <<0. 25 mm & & W B B&AK, 40 51 &
CK.T1 4B R F% 17.99% .14. 09 % ; [R B, T2 BH
B 10~20 cm £)/Z 1~2 mm.0.5~1 mm
BAIKE B M CK MBI 2 52 | T1.T2 Ab
HHHE M 20 ~30 em 22 1~2 mm,0. 5~
1 mm.0.25~0.5 mm FAREKET R LG HE. T2
EFETR 0~10,10~20,20~30 cm + JZ K £ 1 A
R M5 CK AR N 15, 30% .10, 34 %
F1 8. 84 %, A F T o+ HEAE A FRE M

2.1.3 ¥R EE mE2AM.ELEREES
[P, £ S AE 20~30 em 4 23k Bl & K,
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CK 4B+ R L A% )Z 85 1 794, 12 kPa,
M T1 5 T2 438 FERZ)E LR SR ] T
CK AbBE» FIFEAR 12, 57%.19.49% ., 0~10 cm
TR ERREW R, T 5 T2 4¥E CK 4

x1

A BB AR 13, 41%.23. 24%3;10~20 cm + 2
T1 5 T2 /b¥REE B EHMHER,HS CK 4%
SR, T2 B CK AN BEFEAL 22.39% .,

FEFTIE HALIE XS T IR F R B0 (x =5)

Table 1

Effects of straw returning to the field on soil aggregates

- HEVRFE /em P KRB RIKEH /%  Aggregate content at all levels
Soil depth Treatment >2 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <Z0. 25 mm
0~10 CK 1.08+0.01 b 2.72+0.03 ¢ 5.0640.12 b 6.0840.41 ¢ 85.0640.25 a
T1 1.004+0.02 b 4.584+0.04 b 5.18+0.12 b 8.04+0.25b 81.20+3.21 a
T2 2.84+0.01 a 6.88+0.02 a 10.44+0.58 a 10.084+0.12 a 69.764+2.56 b
10~20 CK 1.98+0.02 ab 3.94+£0.01 b 4.2240.04 ¢ 6.44+0.12 a 83.4243.21 a
T1 1.404+0.01 b 2.12+0.01 b 6.32+0.05 b 7.88+0.21 a 82.5840.25 a
T2 2.70£0.05 a 8.40+0.25 a 9.74+0.52 a 6.08+0.21 a 73.08+5.21 b
20~30 CK 3.52+0.02 a 1.524+0.02 b 2.26+0.32 ¢ 3.28740.25b 89.4243.31 a
T1 1.0440.03 b 4,06+0.24 a 6.38+0.12 a 6.06+0.25 a 82.4642.02 ab
T2 3.82+0.04 a 4.207+0.21 a 4.84+0.21b 6.56+0.21 a 80.584+2.01 a

TE « A S B 5 A TR /NG 5 R 308 28 5 1 % (P<<0. 05) . R[],

Note: Different lowercase letters above the columns indicate significant difference among treatments(P<Z0. 05) , the same below.
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Fig.2 Effects of straw returning to

the field on soil compaction

2.2 FEFEETEREEENZW
TR g5 PR 3R K St s VAR O HE A R/ ik
IRZEBHALRE ) R AR FNRLR . ik 2 W LA

AR 4 )2 4 SRl R 1 R BN A S AR+
EIRTZ A, 0~10 cm + )2 IREFTG P T2
AbPEE EE T T1 5 CK A, HA CK,T1 Ab#f
Ay I 93, 79% .59. 18 % ;10~20 cm + J2 Ik il
WPE T2 Ab PR E S T CK AR FE L {H 5 T1 8 & B
FMEER20~30 em 1 )2 4540 B IR B 5 MG
VR 22 S B R X e R A sk B
A EEAE L TE 5 Y0 M S DK A R oM
— 3, B A 2 R O R AR, B CK AL B,
T1.T2 kbBE A & 34 i ms H: 8% 5% B 19 3% % . 0~ 10
em 5 20~30 cm R B EMEE R, RILAT
U AT 30 TG UR T 3R W Re U o, B I 4
Fh A 18 e IR 5 T 0% 35 P L o e SRR B
A3 fifk, ) B B R ol R A At R ol R A L
- Y [ VR b e AR DR BT R B
AR E .

x2 BATHLENKERELEHEFTEAZME(xts)

Table 2 Effects of straw returning to the field on soil enzyme activities after harvest mg/(g -+ h)
R P B 6 1
Ak ¥ Urease activity Alkaline phosphatase activity
Treatment
0~10 cm 10~20 cm 20~30 cm 0~10 cm 10~20 cm 20~30 cm
CK 1.61+0.48 b 0.99+0.02 b 0.79+0.12 a 15.99+0.49 b 8.03+0.22 b 7.74+0.53 b
T1 1.964+0.08 b 1.4140. 26 ab 1.0540.23 a 18.85+0.53 a 10.94+0.19 ab 10.094+0.05 a
T2 3.12+0.23 a 1.9240.08 a 1.0340.02 a 20.4140.36 a 17.8040. 36 a 10.26+0.15 a
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2.3 BHIEEMLTEXEEROEIE

2.3.1 XM pH £ 3, LI pH fEAR
2 ] AR A B AR K B L W A
PN () R 2 AR {8 o 25 /0 o {FL i 5 B iR
T pH HIf B KR, M A+
2 pH AL AR, & Ab B 0] G B 2 5%, T1, T2
AbFE 4 pH B A BRI, fEMZEI A, T1. T2
Ab BRI R, 0~10 cm T2 T2 &b P 43

pH & A, 8 CK AL FE &AL 0. 18;10~20 cm
LA R 20~30 cm T1.T2 4 HF
pH # CK Ab 2 i Z FEAIL 1. 86%0.2. 41% ., T3
WK 45 A B X pHL Y 52 i 34 5 B 109 6 B A
— 2, WL UL RS AR A A B F R AL £ pH.,
AT PRy R A S A ok R v 7 A A LR I 2R
16 0~30 cm /2.8 M 1 a FHFEME pH 0. 1, 1M
B 2 a FHFEAL pH 0. 12, “FHORMH—EL.

&3 HBHTHLSENTE pH B0 (x £5)
Table 3 Effects of straw returning to the field on soil pH

+EWE/em

b #

-

B Y

e k39

Soil depth Treatment Sccdling/ period Squaring period Harvest period
0~10 CK 8.88%0.05 a 8.93%+0.03 a 8.90+0.05 a
T1 8.774+0.01 a 8.83+0.01 ab 8.75+0.06 ab

T2 8.80+0.08 a 8.754+0.05 b 8.694+0.07 b

10~20 CK 9.04£0.02 a 8.96+£0.03 a 8.95+0.05 a
T1 8.97%+0.03 a 8.83+0.08 a 8.89+0.06 a

T2 8.9940.02 a 8.86+0.00 a 8.91+0.07 a

20~30 CK 9.194+0.01 a 9.1440.34 a 9.134+0.05 a
T1 9.144+0.03 a 8.9740.06 b 9.0740.06 b

T2 9.124+0.02 a 8.924+0.05b 9.024+0.07 b

2.3.2 XEAZREHoHK HE4NHANEY
WL BEE 2N 4 8 4 R T 4 BOS W R A R
T3 FH AR B %0f 42 3 ot i 0 B 52 i R, 0~ 10
cm A5 4L PRR] 22 5 3, T2 A PR & AR £ 3 4
BB H B CK 5 T1 kb B 2 5 B %
24.27%.9.80% 3 10~20 cm T2 4L FEAH%ES CK 4b
P R 20,85 % 00 T1 ALH 55 CK kb B fa) 2%
SN 20~30 cm &AL F AR 10~20
em HH—%, T2 4 BEAH b CK Ab# A 19. 65 %,
BES T

PRSI AER B4, Bl T K PH AR g
BT M 3R ZE R B3 A RS L 1 LR Ay SRR 1Y

FH L, CK A T1 AR BEAE 0~10 cm R348 T
3 g/kg, 1M T2 b FFEIR 3 g/kg; 7£ 10~20 cm
T1.T2 b3t 25 P AR - 18 4= R T i 43 550, B 43
MM 8.06% .24, 84 % 7E 20~30 cm 4L T1 5
T2 AbEEAH 22 A5 K, A HE CK Ab BE R I 28. 12% .
27. 34 % s MFEULHI 0~20 cm +HEEE > AR K
JIEF B 0 20~30 cm A ¥k #H, T1, T2 Ab B
TE45 2 A U B RAL L e sh B, fifticH
BARBEABERW AR, CHEH 2 a %R EN
B2 B R I BEAR 0~10 em + 2 & h i
24.33%.,

®4 BRECHLENTELSBERES B (xLs)

Table 4  Effects of straw returning to the field on mass fraction of soil total salt g/kg
T2 RE/cm pog:il Hidl) L 1) S

Soil depth Treatment Seedling period Squaring period Harvest period
0~10 CK 2.39£0.03 a 3.78£0.02 a 3.19+0.06 a
T1 2.0440.02 b 3.2640.21 b 2.51£0.02 b

T2 1.81+0.03 ¢ 2.91£0.10 b 2.37£0.02 b

10~20 CK 2.1140.06 a 3.1040.06 a 2.84740.07 a
T1 1.7940.17 ab 2.85+0.10 b 2.43+0.04 b

T2 1.67£0.03 b 2.3340.02 ¢ 2.2740.02 ¢

20~30 CK 1.73£0.08 a 2.5640.34 a 2.7240.04 a
T1 1.6340.05 ab 1.8440.06 b 2.324+0.05b

T2 1.394+0.08 b 1.864+0.05 b 2.1440.04 ¢

2.4 WEHEHIHEEFLFZNZID

T BE P R R 2 DX ) R R A 4R
Fro 135 AT, &5 A B JE] i 25 7 i A 7 B M
R T2 AMEEET CK5 T1 4, CK 5
T1 AbFEE] TG & 3 P25 5% . T2 Kb B R Ih 28 7= 1 ik

#) 3 002. 54 kg/hm’ , #H b CK F T1 &b 34351 14
i 20.60% .12, 92%, 53 4k, T1 kb #EAH L CK &b
P 6. 81% ., TENC AR M, T2 AT =
ik 11 115. 24 J6/hm*, A Ik CK ¥ fm 2 177. 34
JG/hm’ 2 # ik 2. 61,
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Table S Statement of economic benefit analysis in straw returning to the field

b7 /%

BE/

MBA/ Gl s/

S 441 =Ny
Trﬁt{nﬂent ?:kiglj/fmqj;; Yield-increasing (JG/hm?) (fc/hmz) (fﬁ/hm%) FV%RHZ
Average yield rate Total output value Total input Netearnning
CK 2 489.654+80.99 b — 14 937.90 6 000 8 937. 90 2.49
T1 2 659.104139.99 b 6.81 15 954. 60 6 450 9 504. 60 2.47
T2 3002.54490.93 a 20. 60 18 015. 24 6 900 11 115.24 2.61

£ :2018 4RI BE BH Oy 6.0 J0/kegs T 28 W WAL A 6 000 TC/hm?® , BLFGFl 7~ ALRE L HEBE ALK B2 A\ T 9% FH 5 Bk 2 b 4 495 T 348 T 61 A6 38 100 A

450 JG/hm?*,

Notes: The unit price of oil sunflower in 2018 was 6. 0 yuan/kg;the conventional total input of oil sunflower was 6 000 yuan/hm? ,inclu-

ding seed, fertilizer,irrigation, machinery and labor costs;the price of crushed straw returning in autumn was 450 yuan/hm?.

2.5 FESEIBEURMXER

AL R AR BERE | KRR T A R A S
JE pH Az Eh R M R0 Bl 1R A G HE B AT
FEARSCPEINZR 6 F7n . 7 85 KA 1k P SR Ak 52
IEARSG, 5 0~10 cm Ak A /K FRE PAT 3R44%  3) 4
FEAHE MO RBGRF] 0. 996 77 i 5 IR AL 2
LA O, AH R BE LR AL, 0~ 10 em A PRI
PR MO 19 M L A R B R OG5 7 S K

B IEAHSC, 5 0~10 cm & 10~20 em /2 AR
PilE 355 o 38 B B 3 TE R OG5 B 3 A OG5
a5 M R R R E AR OC, RS 10 ~
20 cm Kb PR R T TS A B R AHOCG .
AT UL KRR e P SRAA AR R BT S T O R X 7
SCHEE R PR R e 2k R rp N T A R AF Y
VAT Hr 45 48] 1) g 2 R - SR s MR B 5

R6 FESEEMRBEXESN

Table 6 Analysis of correlation between yield and various indicators

TR /em PR &k KRR T 3R A 02 o i N oK Tl 35 e TR 0 14
Soil Volumic Water-stable Corl ty‘ » pH Total Urease Alkaline
depth mass aggregates Ompactness salt activity phosphatase activity
0~10 —0.997" 0.996" * —0. 960 —0.906 —0.849 0.994" 0. 935
10~20 —0.859 0.967 —0.983 —0.431 —0.904 0.991" 0.999"
20~30 —0.953 0.871 —0.936 —0.970 —0.918 0.707 0.792

Heox FRBEMEP<0.05), * *» FREBEMEP<0.0D),

Notes: * indicates significant correlation (P<C0.05),and * * indicates significant correlation (P<Z0.01).

3 W54 ®

PRBUT i B T LB R /N a3 A SR E )
RARZEEBL S R BLAE |k XU %
U b R 2 I o £ A e B 2 N 20
A AR M R S AR B e 22 L R R A
R AL . ASHI5E 45 2 R WA SR
R A AT A AR B SRR AIG - e AR R A
AT Sk B S8 B A 0 0 Bh B s R R L A A T AR
WE W, HaR 2 a RO TR 1 a,

A R AR AE S S R 1 AR B T
HAB: R oy A e A A R I R e M R ke
JI L KR oT 45 3 W RS A1 30 1 w) $2 5
KRR B i, H Bl A5 38 FH AR KR 3 20058 58
B R R SR EIAEH 1 a5 2a
Y tie W] b e AR A AT SR B it DR JL IR T 2 a Ab PR
KRR AR AR S T BRI 8. 8406 ~
15.30% . X AE—EFE R AT R i £ e S 4

B b RS E T s b R S R i A S A BOIR
DL AL R R ARG R A 1 a 5
2 a AbPRARHE I W AR I E S LR 2 a Ab PR
AR 10~20 em 2 R IR SR 22, 36 %0, WOR
e Ay BT 8, AT A 00 kS 0 DX PR L 3 50 A K
PERE AR AR R AP, 33X 538 [ 459 Kabiri
SEUUIE A — B

- M O M ) KON RAE T AT A B A Ak
R HIRES) . A RIFEFF L H 2 a W45
IR ity B Tl R R Y 3 L AH LG CKO AR LAE 10 ~
20 em R EEE 1 AE, WX 10~30 cm 2
i P Tl R G 9 P S RN R X5 SR R AR
IR G R IEAR — B, A AR kB
A 6 H B2 57K £R 42 2l BB 2 1 3 4y 1
hnpEd U HGAA W 2 a A BEAH HE CK &b L 7E & A
AEFEM 0~10 ecm £ 2 & EHEFHIEK 24. 33%,
H7= 20, 60 %0 3% HPRFEILED K EBEED D
BN I A R —K.
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Effects of Straw Returning to Field on Physical Properties, Enzyme
Activity of Saline-alkali Soil and Yield of Oil Sunflower

LI Lei,FAN Ligin, WU Xia and ZHANG Yonghong

(Institute of Agricultural Resources and Environment, Ningxia Academy of Agriculture

and Forestry Sciences, Yinchuan 750002, China )

Abstract Focus on the problems of soil viscosity,poor aeration and imperfect structure in saline-alkali
region of North Yinchuan in Ningxia. A comparative experiment of 1 a,2 a and the treatment without
straw returning to the field were established to study the effects of straw returning on soil physical
properties, enzyme activity and oil sunflower yield. The results showed that,straw returning could sig-
nificantly reduce soil volumic mass, the volumic mass could reduced by 6. 04% — 6. 49% under the
treatment of straw returning 2 a ,while this treatment could increase respectively the content of water-
stable aggregates by 15. 30%,10. 34% and 8. 84% at 0—10 cm,10—20 cm and 20— 30 cm levels.
Compared with CK treatment, the soil compactness at 0 —10 cm was 23. 24% lower than CK treat-
ment, while,straw returning to field could effectively enhance the activity of soil urease and alkaline
phosphatase activity. In particular, straw returning treatment 2 a increased urease activityby 93. 79%
and 59. 18% at the 0—10 cm soil layer compared with CK and straw returning treatment 1 a. Straw re-
turning to the filed did not significantly reduce soil pH ,but it had obvious effects on controlling salt
and increasing yield . Especially, compared with CK treatment, the salt content of 0 —10 cm soil de-
creased by 24. 33% during the whole growth period,also increase the yield by 20. 60%. the soil water-
stabl eaggregates,volumic mass, enzyme activity and oil sunflower yield were significantly positively
correlated. In conclusion,straw returning 2 a increases the content of soil water-stable aggregates,re-
duces soil volumic mass and topsoil salinity,also significantly improves urease and alkaline phospha-
tase activities, thus increasing the yield of oil sunflower.
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