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Effects of tillage synergistic material addition on physical and
chemical properties of cultivated sodic-saline soil

NIE Zhaoyang"” , YANG Fan', WANG Zhichun',GUO Liangliang'*,
AN Fenghua',LIU Jianbo'*,ZHANG Shixin’
(1. Northeast Institute of Geography and Agroecology ,Chinese Academy of Sciences ,Changchun , Jilin 130102, China;
2. University of Chinese Academy of Sciences ,Betjing 100049, China;
3. College of Agronomy, Jilin Agricultural University, Changchun , Jilin 130102, China)

Abstract: To explore the effect of tillage synergistic materials addition on soil barrier reduction and crop yield
in cultivated sodic-saline soil, a field experiment was used with nine treatments of control treatment ( CK) , subsoi-
ling with desulfurization gypsum ( SG ), subsoiling with humic acid ( SF), subsoiling with compound conditioner
(ST) , subsoiling with compound conditioner and humic acid ( STF) , fenlong with desulfurization gypsum treatment
(FG), smash-ridging with humic acid (FF) , smash-ridging with compound conditioner (FT) , and smash-ridging
with compound conditioner and humic acid treatment (FTF). The application rates of desulfurization gypsum, com-
pound conditioner and humic acid were 15 000 kg + hm™, 22 500 kg - hm™> and 6 000 kg + hm™>. The results
showed that compared with CK, in the 0~40 c¢m, the soil bulk density of tillage synergistic materials addition treat-
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ment decreased by 2.7% ~ 18.4% , soil total porosity increased by 3.8% ~25.3%, and soil three phase ratio im-

proved. Compared with CK, the addition of tillage synergistic materials reduced soil pH, sodium adsorption ratio
(SAR) and total alkalinity in 0~40 cm soil layer by 6.8% ~21.3%, 20.7% ~78.3% and 17.1% ~47.7% , respec-

tively. In 0~40 cm soil layer, tillage synergistic materials addition increased soil organic matter by 2.5% ~63.9%.

Compared with CK, the row number per ear, grain number per row and theoretical yield of maize increased by

4.8%~10.1%, 8.9% ~22.0% and 9.8% ~37.6% , respectively. Comprehensive improvement effect and crop yield

effect analysis indicated that the 40 em smash-ridging with compound conditioner 22 500 kg + hm™ and humic acid

6 000 kg - hm™ had the best effect.

Keywords ; tillage method ; material ; sodic-saline soil ; physical and chemical properties of soil ; soil nutrient;
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Table 1  Basic properties of soil in the test area

N AL e AR bupyeal g Al
pH Salt content Organic matter Total N Available P Available K Exchangeable sodium
/(g-kg™") /(g-kgh) /(g-kg™") /(mg - kg™") /(mg - kg™") percentage/ %
9.1 2.44 17.4 0.95 10.01 93.59 10.2
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FF %*ﬁﬂ& 6000
HZE 40 em Humic acid
Smash-ridging A TER
g bl ||J
40 em T Compound conditioner 22500
S VAR + I R
FTF Compound conditioner+ 22500+6000
humic acid

SR = COY +HCO;

A, Na*, Ca™ | Mg™, COY Hl HCO; ¥fi N
mmol, - |

R X218 0~10,10~20 .20 ~30 cm Hl 30 ~ 40
em J3 22k PR JIVE R AT 1 e 25 | R AL RS 1% U
FE AR R A
1.42 ERARBEHREZZE  FEEREAW, B4
INXBEALIE A R FRPERY 10 m BT, AR 5 FHE 1
il LI 10 Fl AEANAEFE 3 REE E ok PR EAY
W A AL X e
1.5 HELESSH

K HI Excel % 848 #1783, >Rk AT SPSS 25 #il
Origin 2019 #E47 %4 AL HURVEIR, W35 PE M R
X HR 2R 5 225001

2 g 50
2.1 HHMEH R AT 1 T i R B0
201 EHEE  AE I R

Frz—. HE 1 A%0,0~30 em 12, NEA RS FR
PR Bt R EE A in e 2 B, B[R Ab



238 TR A X AR

541 45

P 22 S 2 O [RIBRAE O ) 42 Rk 5 o Ak 3B 2
T HEZ LA, Ry 22 W [R) Pk v i A 2
TN TR, £ A0 B 3 2 T /N F
KHEF K . FG>FT>FF>FTF>SG >STF>SF>ST>CK,,
FG b7 39825 o 1GR3 (P<0.05) L 8¢ CK
PIREAK 21.4%

2.1.2 B3R EIUME  ARME A X 1R AL
BEAT AR, th I 2 AT, S S A AR AR B A
B2, BEVE B Ta] 9 i Ak #8854 8 T 4 4 AL BR
FE . 0~30 em 12, AR AR ) A 558 2 FL B B2 3 Bifi

1.8

—
(=}
T

—
s
T

+ 12 % # Soil density/(g * ecm ™)

0~10 10~20 20~30 30~40
+ 2R FE Soil depth/em
—8—CK —®— SG —A—SF —y— ST —{— STF
—<—FG —f—FF —&—FT —A—FTF
B 1 #HHEREIRINN T IEFERFM
Fig.1 Effects of tillage synergistic materials
addition on soil bulk density
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Fig.4 Effects of tillage synergistic materials addition on soil chemical properties of different soil depth
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Table 3  Effects of tillage synergistic materials addition on soil nutrients of different soil depth

. HHUE Organic matter 2% Total N B3 Available P AP Available K
L /(g ke /g k) /(me k™) /(m k™)
reatment
0~20 cm 20~40 cm 0~20 cm 20~40 cm 0~20 cm 20~40 c¢m 0~20 cm 20~40 ¢cm
CK 20.0+0.88e 15.5+0.92D 1.38+0.07bed ~ 1.28+0.05A 10.0+0.42f 3.5+0.12E 139.9+7.17¢  105.1+6.08C
SG  22.1x1.28cde  25.2+0.98A 1.55£0.0labc ~ 1.33+0.08A 17.5£1.04e 5.2+0.31D 142.8+3.64e  102.8+3.33CD
BRHA 30 em SF 30.3+2.36a 22.4+1.16BC  1.64+0.03a 1.32+0.07A 27.9+0.67bc  4.2+0.12DE 171.9+£2.11cd  102.6+3.67CD
Subsoiling 30 em ST~ 24.3+1.35bed  24.4+1.08BC  1.66+0.04a 1.32+0.05A 30.5+1.84ab  4.7+0.17D 220.9+7.43b  112.5£5.09BC
STF  27.3+1.71ab 23.9+0.81BC  1.60+0.05ab 1.39+£0.04A 18.8+1.07e 7.6+0.35C 187.7449cd  123.6+3.67AB
)22 40 om FG  20.7+0.97de  20.8+1.18C 1.33+£0.07cd 1.32+£0.01A 21.4+0.58de  14.9+0.23A 2532+7.0la 124.4+£2.72AB
Smash-rideine FF  20.5+1.11de 16.0+1.15D 1.16+0.08d 0.96+0.10B 24.6+2.45¢cd 5.3+0.38D 174.2+4.27cd  90.1£2.78D
0 cmb °© FT  25.8+0.62bc 25.4+1.24B 1.52£0.03abc ~ 1.49+0.06A 21.6£0.61de  13.3x0.78B 164.3+3.46d  127.3+4.75A
FTF  252+1.05b¢  23.8+¢1.77DC  1.50+0.17abc  1.36+0.01A 33.2+1.22a 4.1+£043DE  191.4+4.78cd 104.9+6.51C

HAFVNG FEEFRIR 0~20 em HEAF GBI ZFITE 0.05 /K F-22 5 8.2 R

T

B HFR 20~40 em 2 R[FI4EEZ [E] 0.05 K24 5

Note ; Different lowercase letters mean significant difference between 0~20 c¢m soil depth and 0.05 level, and different capital letters mean significant

difference between 20~40 cm soil depth and 0.05 level.
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B CK &4 (P<0.05)  AbFRIA] L 45 , FTF &b 3
e, B CK 5 37.6%; FG &b B B i A%, %
CK #2175 9.8% ; Hifth kb ¥ 5 CK LR F2EF, &
PSR LU AL, FORBEATEORIA T B4 R 30 R B4
PhE A b 21 0 2 = T CK(P<0.05) , b3 [H]
JoR F 2R SF A FT b oK ok 8 B K
T CK(P<0.05) , HAhAb ¥ 5 CK TR EER,

3 3 @

3.1 HHMEHRI W RLR AT 1 5 Y IR R 820
IRTERDRAL - Y PR O Sy EE RN+
HEK AT I NI KAy MR TR 5 24 35K

x4 BHEMEHRIRM ERFERFEMHEZNZ N
Table 4 Effects of tillage synergistic materials addition

on maize yield and yield components

s - FRE BLLi oy iy
é o
A3 R 4?&%( Hundred- Theoretical
Row number  Grains . .
Treatment ) grain yield
per ear per row weight/g  /(kg + hm™)
CK 20.7+04b  33.6+0.6b 29.8+1.0ab 9787.9+226.3d
SG  21.9+0.1a  39.7+0.3a 28.9+0.3bc 11865.3+94.8b
RIR30 em  gp 2184040 385:03a  27.9:02c 11109.7358.4be
Subsoiling
30 em ST 21.7£02a 38.7«1.4a 29.2+0.3bc 11592.9+597.3bc
STF 21.7+04a 389+1.0a 29.9+0.3ab 11911.1+285h
FG 21.9+03a 36.6+1.0a 28.5+0.5bc 10749.8+195¢d
B840 em FF  21.7+0.1a  39.6+0.1a 29.4+0.3abc 11930.4+84.4h
Smash-ridging
40 cm FT 22.8+02a 394+0.5a 28.0+0.3c 11866.9+62.7b
FTF 22.5+0.3a 41.0£0.7a 30.8+0.3a 13466.6+523.1a
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Sy FRERT, HHESTE B R A 25 58, sE i VE )
R KT, BRI % 4 R AT B
SRS SIBEZ , (3 4 9 ik BB HE 51 4 A ki +
S PR I, DR K AR A B AT
ARTFFERIT, BbA 28 43 0] 55 W ki fin 23 45 Ak 28
P R T R B T 3SR, +
LA RS . — D7 I, TRAS Rk 28 % + 3 B
I A A S, KR A T S e X A G e B
A RTINS BT = M8 %) 52 M 4 B0, TR FA BRAE
AERZ I . o 38 Bk )2 59 0 4 BT TR, AR L B A
T, AL AN - KR PN IS SR AR i
W KB, 5155 BIREAH HL, By ZZ BEVERR AR T 1+ 1
BHEZ R & &, W T S KkE, AFRT &
B, it AR R R B0, R 28 A PRGBS E
FUBREE Bl J3E 0 — A b A 2035 RIOR AL T IR AR B, 0
~40 em T ZUREVEATH 22 A0 F Y 1 R E S IR
AbFEAF L E IR 10.5% , 4 58 3L Bt B S 4 42 25
12.6% , 3% J2& K g A 2B AR 3 ok & DL A 2 428 e
RUEESIOKs - e AT M e HL B SR B TR A2, AT R B
PAFIBERF R AE T 59— i A AR 2
J R A1 X ek 3 a5 e B B, Nan
8003 S AR A B 1 R e v o O R
TR T LA, s AL RS A £
5T & BB A E A R T R ol (b e & 3
IR ALBREE X S ARBFR A RARLL,
3.2 HHEHRMRER YT L F R0
AR BAE 5 YRHE T LUAT R AR 5
SHEN R w2 L i O \P {1 BUR ) ST
KB, 5 TOATAaT ek it FH 0% o B AR B A, 1) 6 B Ak
3 v FH S R R R A A R B RE RIS S AR
i X ARG LA, TEAM R T, RS
i 20~40 em 2JZRKF 0~20 cm )2, XEH K
TRIAFIR ZE B E RS B B RS T 3R J2 1408 s 7+
skt R TRHZER AR TR AR A i G
PR I B A R R AR e AR A AR A
HHOKSERTT LS mRZE R, 55
FHEL , BRE DR A 20E T 953 T R 1L B 1
ARG, 55 pH  SAR FLEHHE 3 501 B AR
6.8% ~21.3% 20.7% ~718.3% 1 17.1% ~47.7% , —
5 TET R A IR 28 o 36 40 2 e 25 4 | fe stk 2 - 1
REBHESR , 225 W 9T K BES Ga BE A LL , TR A
KT 10~30 em 1 )2+ 48 pH, 55— J7 If Ji A iR 2%
Y IR B A B o R 2 A A 3, B A

B FEBAEH, =B 5 v kSR, B A 4 pH
{EAN SARY ;i i Al R — R Z M A DL &
By, AT LA 1ot W R 52 o A R A A A 1 Aol 1
pH 1 SAR AR ) ; 57 458 38 570 LA JE A2 IR 00 o F 42
SR A EEA A T, [A) EA R  E E
LT A W 6 S B R el AN P v A e
R AR R B A B T i 8 0% B 5 A (I - 48 pHL HLek
R ASCRAE T I AE R AU 8 B, 302 PR Ay S A
OB Lt P I KA B Vs it i, E T 42 T Na™ 8 460
AEST BRAL TR SOR S S AR ST 45 AL

3.3 HHEHEWRRM T IEFSMEXRTEN

A1)

A WL e 9 1 A R 4y, o it - e
PR R SR IR R B AR A, RPN
AT S AR BR T TEARBR I AR
JREBRAT Y LA K S A TR B 8 i T B2 A L
JoT A AT SO RO i b R ML
T2.5% ~63.9%, X55KkBeR %" 5T I R 5t
it B A R A ALIE | RS R BE A5 R
Bk R BT A R RN IR S e i DAY
P8BS TR A S W g B R
SN A R RE 0 A KA v A LT B ) 5T
ER B, KT R, BB R A R 2 it
ol Fc it A K 65 R R B4 AT A it FH 340 BE A R A A
R ST (U AN SO o AR (P K 3 S 2
J AT AT B 5 A LA R T i T A AR v R A 7 o, 1
PERURAE T 6% A 75 FA ML R Bt b AE 41
WIF5T 2 3085 L T2 RO A 5 i P 350 e I 35 42 v A
PR 7= 0, LB AT I AR 0 4 A TR it st A 0 2 I
RORTEAE, AR AR R 25 A 1 i A R e T
ok, HoR R 30 em I 2 A TE 2R )
22 500 kg + hm > FIEF AR 6 000 kg + hm ™ Zb 3 K #y
28 40 em FFiti FHE A THBEFR] 22 500 kg - hm ™ F1JE
IR 6 000 kg + hm ™ ZbH ) 5 2K 7= A ) 43 31 2
15 21.7% 1 37.6% , — 510, GASFIAG ZERAK T BkAE
JE AR B LB s TR R AE K &
8, R TR AR ZR A K FNRFL, T2 B R A AR & 1A
U MR E A A B R VR P i o —
M I AR R ) S A ) A R P A R i
MR ) RS T RE 8% R R AR R A B R AR
R ICRE ST (R Y K R Y A Rl E e
¥ S AR R IR A R, S 3R R
GEKG  BGE - HERAET MR TR R AR
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HHVE R PRk ek T e s Ak, —
DT, SR AN AR T A 4R R
FLEREE , ol - 2 4, by 2 it FH P sk Ak BT - 8
SERI AR TR A E PR B, S — T
THT, VR B FIHS 28 25 & W B it 3 AR T 448 pH,
SAR FLEFEE , Hoib #2840 om It 2 A V5 B 5
22 500 kg - hm 7 FEHEER 6 000 kg - hm > &b i
FEAK T 0~40 cm )2 pH Fl SAR , 5% 18 43 B A%
12.1%F1 74.9% .,

HEVED R RIS N3 &5 T IR 3T SR e Ak + e
Sy MAEY PR R, AL B T A PR
A 5w i, oy 28 01t H1 2 & R 3R 22 500
kg - hm 2 FIBAEAR 6 000 kg - hm > #2& B2, 4391
BN BB R 39.5% 1 124.6% . K528 310t 42 4
H57) 22 500 kg + hm > FEAHRR 6 000 kg + hm 4L 3
) T K AT B0 AT R BOR B 36 7 B 3 3 R T
HR, ekt HR A3 4 0 8.7% 35.8% 1 37.6% ., %5 1 JiT
i, W 22t A A PR BE 5] 22 500 kg + hm ™ R AE
fi26 000 kg « hm ™ &b FH A PG 10 07 - J 05 4T 5L A Ak A
b AR A - HE R R A
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