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Effects of Straw Returning to Field on Soil Salinity Content and
Maize Yield under Alternate Irrigation of Canal-well

E Jifang YANG Shuqging LOU Shuai LIU Peng JIN Yahong
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China)

Abstract: Aiming to explore the effects of different straw returning methods on soil salinity content and
summer maize yield under the alternate irrigation of canal-well, field experiments with different tillage
modes were carried out in Hetao Irrigation District in 2018 and 2019. The experiment consisted of four
different treatments. It included conventional tillage without straw returning ( CK treatment ), straw
surface covering ( BF treatment) , straw deep buried (SM treatment) and straw mixing ( HB treatment )
to the field under the irrigation mode of brackish and fresh water. The results showed that salt
accumulated in soil at 1 m after harvest under all treatments, and the treatments of straw returning
reduced the salt accumulation rate significantly. Compared with CK treatment, the BF, SM and HB
treatments decreased the salt accumulation rate by 8.7 percentage points, 12.4 percentage points and
6.9 percentage points, respectively. SM treatment had the minimum salt accumulation rate, with an
average salt accumulation rate of 3.2% in two years, and the desalination zone was formed in the soil
depth of 20 ~40 cm. After harvest, the sodium adsorption ratio (SAR) of saturated extracts of different
soil layers treated with CK treatment was increased by 10.2% ~53.3% compared with the initial value,
with a high risk of soil sodification. The SAR was effectively reduced by straw returning measure. SM
treatment had the minimum SAR of different soil layers after harvest, which was decreased by 0. 4% ~
73.0% compared with the initial value. and could alleviate soil salinization. Path analysis showed that
the main decision factor of summer maize yield was ear length and the limiting factor was bald pointed.
Compared with CK, the BF, SM and HB treatments increased production by 11.2% , 19.8% and
11. 6% , respectively, and increased WUE by 18.4% , 36.1% and 21.2% , respectively. The
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comprehensive effect of SM treatment was better. The research could provide theoretical basis for safe

utilization of brackish water and straw resource utilization in Hetao Irrigation District.

Key words: maize; brackish water irrigation; straw returned to field; salinity; yield; alternate irrigation

of canal-well
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Tab.1 Main properties of irrigation water

+ N2+ + + - ~ - 2 -
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(mg-L™") (mg-L7") (mg:L7') (mg-L7™") (mg-L™') (mg'L™') (mg:L™")
Bk 0. 608 7.33 1.23 61. 69 153.21 136. 42 2.11 72.71 124. 21 57.71
Hak 2.431 8. 18 8.30 539.73 265. 50 224.47 16. 57 129.93 824.70 430. 40
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Fig.2 Schematics of different straw returning to field
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Fig.3  Average soil salinity content under different treatments in two years
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Tab.3 Changes in soil salinity content under different treatments in two years
TJRRE/ - 2018 4f 2019 4¢
cm CK BF SM HB CK BF SM HB
RS/ (g kg ™) 3.281 3.282 3.251 3.218 3.293 3.283 3.256 3.261
0 ~20 WOAR)E T3S i/ (g kg ™!) 3.921 3.514 3.590 3.492 4. 061 3.619 3. 649 3.650
R/ % 19. 54 7.1° 10. 4° 8.5" 23.3¢ 10.2° 12.1° 11.9"
T L eE R (gokg™!) 3.211 3.183 3.111 3.122 3.232 3.212 3.141 3.151
20 ~40 Wik s a hit/(gkg™") 3.672 3. 403 2.918 3. 360 3.813 3.532 2.912 3. 468
fﬂﬁ':%@/% 14. 4° 6.9" -6.2° 7.6" 18.0° 10.0" -7.3% 10. 1"
Wi L es bR/ (g-kg™") 3.090 3. 114 3.093 3.032 3.121 3.141 3.161 3.060
40 ~60 qﬁzz*;ﬁi Lo/ (gokg ™) 3.480 3.289 3.252 3.223 3. 644 3.313 3.269 3.351
fﬂ%ﬁ%/% 12.6° 5.6% 5.1° 6.3" 16. 8¢ 5.5b 3.4° 9.5¢
i e s ﬁ /(g-kg™") 2.483 2.549 2.493 2.511 2.505 2.574 2. 454 2.535
60 ~100 m‘)efﬁj; it/ (g-kg™") 2.789 2.678 2.573 2.689 2. 892 2. 681 2.533 2.774
$R§£a’ﬁ/% 12.34 5.1° 3.2° 7.1° 15. 54 4.2° 3.2° 9.4°
0 ~100 TR/ % 13. 8¢ 6.2" 3.9¢ 7.5¢ 17.34¢ 7.5% 2.5 9.8¢

I FRERR EARAYAR R NG TR R OR A B 25 52 .35 (P <0.05)
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Fig.4 Change curves of sodium adsorption ratio of soil profile after summer maize harvest in two years
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AEAY BF Ml HB AbHER A Rl i 22 5 A B % (P >
0.05) , HAE CK b F 43425 9. 5% A1 11. 3% (P <
0.05) ;2 4EHT LA SM Ab B {15 5 e A, A HLA
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DL SM 4b 3 p= e f5 5, BF Al HB AL Hf () 7= 1 22 SR
WE(P>0.05), = F 7 HE CK AL BEHE ™ 19. 8% |
11.2% M 11. 6% (P <0.05) , Ui WA AL SE 8k
FEFFAR FHBEVE A ] 2 R ok i

R4 TRAEXERF B EE R KD F A EN I

Tab.4 Effects of different treatments on yield constitute factors and WUE of summer maize

P e K/ TR/ TRK/ 2R M S < A% v FEaL/ b &
cm cm cm THi/ g g (kg-hm~?) (kg-hm=2-mm~")
CK 21.1° 5.1° 2.29¢ 423.67° 36.1° 11851.4° 22.7°
BF 22.9% 5.3% 1. 46" 432.76* 38.5¢ 13 065. 3% 26.2°
2018 SM 24.2° 5.7" 1.09® 401. 24" 45,2 14 174. 6" 28.9¢
HB 22. 8% 5.3 1.43" 401. 23® 38.9° 13 107. 9® 26.9"
CK 19.7¢ 4.9° 2.56° 399. 49° 33.7° 10 896. 2° 23.8°
BF 20. 8% 5.2 1.51° 395. 46* 37.5% 12213.7° 28.9°
2019 SM 23.5° 5.6" 1.13® 389. 32¢ 41.2% 13 492. 8¢ 34.5¢
HB 21.4% 5.1 1.52° 388.28¢ 36.9% 12 275. 4" 29.5"

TE : [ SV AN RN P REFROR AL BRI 22 53 9.3 (P < 0. 05)

AEBRIA] oK 7 12 4 i PR R A A A (] R A 2
5o BR 2019 4F 4% 4k B SR 42 K R 2018 A 1%
3.4% ~11. 8% ( CKAb FB 14 i 5 K ) 4b, 4 4b 35 (1)
Hofth 77 b R 8 2018 AE (% 2. 9% ~8.8% ,
Ho CK =%, 5% 8.1% (P <0.05), SM
A BRAL I P 4. 8% (P >0.05), Al WL, HiE 4
TR A (2019 4F) A2 B 2 0K R 1 XU
B, FEOL FORFTRAK, A AL MR (B EE S
FEFF I8 H AT 22 fife PR K 6 0 38 X B 6K 3 B i A
Flsgm a8 FR = 1 B B, LR FFERHE SMAb B 24
BT

2 4 BF FIl HB 4B A4 7K 50 F 8% (WUE ) 22
SAEE(P>0.05), HE CK 4b B ¥ 2 5
18.4% F121.2% (P <0.05) ; SM 4L ¥ i) WUE #%

L CK 32755 36. 1% (P <0.05) . 2019 4E (/0T
AR ) 45 K5 AT 6 T AL B ) WUE %58 2018 4F 42 5
9.7% ~19.3% , 1fii CK &b FRAL $& 7 4.8% (P >
0.05) . VLB REE HE T F5 FF 36 B A8 D F 4F 4y nf
AR WUE R AR EE [ SO R
2.4.2  FRFEMAR G E A

K SPSS Kl A% 43 e b AT B oK T EE MR A
T ARG 3HT (3 5) BB, 77 i S ARG ML
ORI R B IEAHC (P <0.01) , 5FERKM
WERAIE(P <0.01) , 5L T4 55 A1 ¢
PERIAFN T EFKF (P >0.05) , BRAAKRM FT9) 5
i, HA IR R 7 [t S AR TR R 118 S 35 A DG4, i
A K 2 bR R () AR A 5 ), L [ 4 ) 7=
FEAE AR R

K5 FEXFESETEMREFHEXRY

Tab.5 Correlation coefficient between yield and main trait factors of summer maize

LN K A FeRK Lk Sl L7058 [ER A s P
(SN 1
T 0. 950 ** 1
FTRK -0.639* -0.554" 1
LER7S: o 7/ DG e 0. 020 0.255 0.381" 1
ARG 0.936 ** 0.948 ** -0.695* 0. 020 1
P 0.934* 0. 747 ** -0.736* 0. 004 0. 965 ** 1

0. o#x FRESMBE(P<0.01), * FRESBE(P<0.05),

R — A WY FE BRI 3 T K 7 Y B
Bl ) B2 R, SR 38 A2 43 O 1 % JLEAT A AT
FRFZMRE TR A A&, 05 E R
X, R X, FRRK N X, Btk T BN
X, BRI X TR Y AR IR &, &IE
AR, AT (8 Y) IRIEZS oA, Al b A7 [ml

VA5, AR AT 45 L3 6, 8 i D SR R T 1S
3 Fo oK F BRI 1% P i S 0 25 A HE F oK #
MR A - B OB  FEORL bk b T T
O RK, Hb EK ER R R Ok R
(1) Dk 2 PR VR T, AR X O RO A T,
PR AR 42 P A FH 85 K (0. 809) , L3 3 F A
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Tab.6 Path analysis between yield and main trait factors of summer maize
HAEEAR [NEERIERES Ve

P =1 S 22 g i

AR AERN s o= o= = o Yoy WERM
X, 0.934 0. 809 0.265 -0. 190 -0.002 0.332 0.824
X, 0. 747 0.279 0.769 -0.165 -0.031 0.336 0.339
X5 -0.736 0.298 -0.517 -0. 155 -0. 046 -0.246 -0.527
Xy 0. 004 -0.121 0.016 0.071 0.114 0. 007 -0.016
Xs 0. 965 0.354 0.757 0.264 -0.207 -0.002 0.558

X, (0.265) FIE K& X, (0. 332) PR X, B4
A R AR, 52 Spk il b T
X, BRI/ —0.002) , % F K P AN
T X, BRI (= 0.190) , %F F K 7= i 51
RS BE M RIAE I, S i BRI, B 3
R 38 3 A PR 5 e 7 6 1) T 4V T34 17
W ARFE I IR 45 5 R AF I8 B 7 20 4 oK™
i ARG X BRI X, AR kLT
HXORAEHL X, Bk T R X, AR £

3 itig

R a2 VR IE R AR R B XK
& B AT UK T TR A R i TR K
BRI B ) (BN T R i AR
AR T PR, SR B B A 1 i 4 4
ER 30 A LR UK e 2 R ) St sk TR Tk
45 G 30 LA b TP 5 P AR AR E ) E AR Z AR R
B IHIGEE R HER R N  X SARF A R,
AT R I, IR A HE S AR 45 6 0 2 1L %R
JZ(0 ~20 em) BUER, W3k J5 BF AR FRACR 84, A
CK AbFESF-Y R 10. 6% ;SM Ab 3 5 30 25 % 2 +
HEORER TEHZ X 20 ~40 em 2B B ER X, i He
AL BEIARAES . R R RS A A B B KT 3
FLBRA i1 SM Ab PR FF IR 2 W s Ja 16 3K 4,
R AV T BFE ST - B8 % 5 K 50200 i AR 1 R K
& AEFRSFFRR )2 7E 3 e il B 4 R A2 R
T AR RESE SR 4 R A KA Y
FREfibah | AT 25 Am il 3t R /K BT 51 1 3R
b 7620 ~40 em HJEIEHUBERIX 2 B LER R
H6.9% 0T L+ )2 FrLk 2k k R ECRE R
TE0 ~20 em HJ2HRE 2 FFHFHEEEN 11.3%,
PR SM Ah 3 AT 00 1 R U2 - R £, (HAS BRI 1) 3%
B A R B E:  FE TR (BF) 3 D
BHEZZ BRI M RER T MR AR 2 BT
M5 EEER)Z T EREL 2 AP 8. 7% 0

HERFEEE 3 CK AL R % 12. 7% s HB AL FR RS FFR

*/\J:IIL

BIRIARE BT AU AR A A

5 BF AbHEML, 525 T /K b T ek £,
HAER AR B4 CK B0/, FRET 11.2%
TOKBEBRRUK S, CK AEBRAY 0 ~ 60 em + 2
EERRIAN 1. 2% ~8.3% 3% 5 AT 2 2 W 4
AL, H 5 55 FF 8 H A 25 A 45 A FEFEO ~
60 em HJEFE R CK A HL B RAL, — A
NASAF H B EA B ML, R REOK ,
ERIVER, $2m T H 3 A B HRe A HE 5L 20kt ; 5
—J5 T, A H T ) A A FE— - S 4854 T A 555 o
FHEZE R WD R L I — A R T R EE
b, SM AR BEFEBEI K, R N FORMR )2
Hhom  WOREAE . AHFIT KB, RS A A AR ELAY 0 ~
100 em HRTEWCR G AR R, (T 250 X AE4F KoK
R BEEPRE B 2 R 530 3 e 2] + R 2 K
DEJ5 SM Ab B RS FE R 2 0] A R LA R 40 PR Tk 7%
K LB EBHER NIRRT B E 2 & b
TN NED A I 32 B — I K AR 3
a5 KT B R 2.0 ~2.5 o/L, J& FHudok, H
Hok b BB A — o R AT LR E S AR K R

TR I R A 5 5 =2 ARG T
FRER 235K 8. 7% 6. 9% Fl 3. 2% , Y% CK Ab 3

(BUEREN 16.2% ) i ERRALEER R 2% T 1A 1
PFAER 45 2 SM AL B AT 7E 20 ~40 em 12T AL
W2 IR )2 SO EW AE K AEE AR, R,
A R DR IR AR | He /K T I AR FE BELER A = s ik
B ARER AT A3 ORI T AR AT

BB EE (SAR) SR AE AR A Ak B AR b,
FELTRIEE DX Hb R SR o JER I A 22 R 7
FHUR 7K T2 B 52 i) - 98 1) 5 J8 P A 5 i N A T
SAR B T3 Na* B3 2 MK, 585 | i+ 45
AL B IR RIS P 438, T BG83 7 & e G
T AR S5 R RIS A TR B 24 IR 4 R 2R
WOKIE CK AbFE SAR M WIGR{E , LR ZE 2 478
HBISWILRE 53. 3% , TIEEIIL KSR K, A AL SE
HHER FEFT A H AT 35 PRI SAR, AR - 1
FOVE T AR R BRAR AL RS, — T i A
NEKFEFF A B & TEEFEITRD ARG A
(RS FFHRATIA F , 20 3 4F (1) B[R] B A, 76— 7
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JE RSN T B3R Ca® M FE T Rt
HOV i K 8 0 K B vk BORL 45 R, 19 4 58 AL B
S AT E WO e R ) Na® A% Na*
XIHHEZ AR 00, S g s il ; 53 40, #E Y
FKP A ER Ca Mg EHE T (R 1),
WK T BHEZ BB 40, L RefS B4t —F
g Na® FEMK T SAR, TEA L3 DIFS AR SM
AL PRAICR BT, B ORWSCAR J fE 6% S5 IR 1 K
W AR R R A

BHEZ S i SEY - m % U BRI &
FORAFARIE L OB 1], 7535 B A 7K 3R 58 M5t 2
AIFESS | HAFRLTE A X A0 S A 52 i) 1o P AR
BEVEZ R0 Wty 52 i pokE R i S 20 =, A
FEAETESRIARE BRI K IR 2 340 BRI )2
TR G T K (BUBOK) B il A R
FRAFRLTE L, (H=IKJG CK AbHHHE)Z & #hit
sy, Eh oy sa g0, sZ e & R A = 5
B, 3 APRLE FEAN R S TR A FH 45 Ak 2
AR EACBEZ & R i, G2 AR b 2 Bhae | SM A B K
BT, SM AL PR P FE AT B Z I IR 2 - R 78
20 ~40 em 1Y EAR XIE BB ER X, b 25 52 5 TR E AR
R REDY R RE AR KAER, FE M IR E
HEKAEY R HEE KRG WA K 5 CK AL B 2y
7 19. 8% , K53 R A 24 8 & 36. 1% LA,
TEFOKFEIR I, CK AL A AL B SE AR AR, 52 0 oK
TSN AR B A BORPRL B T i, I RS 18 2 ik 2

GFEFITCR MR R REFK 8 W5 AT
W35 522K o3 TR0 AE B KR B RS B R
BEHAE KRBT, — @ REE B AT S i S HFZ SR 0
R TSNS b S o B R b 5 % INES B 1 B
PR M R B, R R 7 Y AR TSSO RO T
FoRA i FORE 5T i TR 00 7 6 7 AR S0V i
PRI PRI ARSI LA AT TR | W R OB it
PRAE AR R AL, I/ NSRRI, AT 52
PUJRIR 7K BT VA A I B K B v oK 7 B LU
H5,

4 HFRIE

ABIFEAE R T IHIREHE N A RRS AR 77 200
TR A 0 A ISR | TR R SOk A
FIBCRAEZ AL, 5 GERRE A B, R AT IR
HLIA T (SM AR BE) A 2 e i R 3R MR = +
R £ | AR L s AL KU , A RO B IR ER 2
234345, 76 20 ~ 40 em + )2 T8 BUBLER X, 3R T AR
JZ, 0 TR AR KM AR ER A, 1™ 19. 8%
IR FHARLCRAR 1 36. 1% , 35 B4 &5 7K 20 FHRCR
L H . P, RS AeHE T RS FF IR )
T EHE X G AR K PR 5 5 B2 4 R IR
RS (EA R — T R A s o
56, FEAT i D - SEAS A B K e R O b e A
PHBERR A E R OL R T B R T B RE X IR
SREFFIL W A N ER IR G R S P
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