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Effects of Different Land Uses on Black Soil Colloidal
Complex and Its Relationship with Acidity
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Abstract: In order to explore the effects of long-term different land uses on the colloidal complex and acidity
of black soil, the soil colloid dispersion complex was extracted by colloid dispersion grouping method based
on 10 pairs of long-term soil positioning sampling point (tillage black soil and shelterbelt black soil) in the
black soil corn belt of Jilin Province. The results showed that the absolute contents of cultivated black soil
and shelterbelt black soil increased in G, and G, groups, but decreased in G, group. and the total amount of
complex decreased by 3.88% and 0.28 %, respectively. The pH of cultivated black soil and shelterbelt black
soil decreased by 12.12% and 3.77% respectively, and the contents of organic carbon in cultivated black soil
and shelterbelt black soil decreased by 23.17% and 9.00% respectively. Humic acid, fulvic acid, exchangea-
ble calcium ion and calcium carbonate decreased in the two land uses, and the average decrease in cultivated
black soil was 12.18%, 3.53%, 16.29% and 31.53% , respectively. The black soil of shelterbelt decreased by
20.07%, 13.14%, 2.81% and 7.81% ., respectively. The G, group showed extremely significant positive
correlations with pH, HA, Ca®*" and CaCQ;, and significantly negative correlations with FA; while G, group
had extremely significant negative correlations with pH, HA, Ca’" and CaCO,. Soil pH was significantly
positively correlated with HA, Ca’" and CaCQO,, and negatively correlated with FA. After 11 years, the
stability of black soil colloid-dispersion complex decreased. Compared with non-tillage black soil, the stability
of black soil colloid-dispersion complex decreased more seriously. The total amount of colloid-dispersion

complex decreased more, and the acidity decreased more obviously than that of non-tillage black soil. The
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changes of Ca’" and HA were the main driving factors affecting soil acidification and the stability of soil

aggregates in black soil. As a result of soil acidification, the number of soil colloid-dispersion complex de-

creased and its stability became worse.
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TEH B A AR IR o DT 3 AIG - b 2 7™ ) RO R A 1
Y IR ELG AR AR R BR 2 T R AR IR AR A Y
KBRS . Guo 255 & B, 1980—2000 4,
B R AR AP s X pH W TR, skmai”
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SERE Y SE AR BT, [R) B O R T Y R R
filt . B2 52 A K A 3L 3 R T A 3 i DR O R A
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B BB IT 00 B 1 L ARAE 20 22 30 ARAR B S7 1 e
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(FR LA 5L G 4 FEk R Ak was & 2 A (e 11 4
5 G 4DY SRR N AN Y A RO
BT 2 Bl oK I A R A K A R A R
(Go) BN 43 B4 A 1K (Gy) LU KBRS 23 B & 1A
(G)3 A XX A VLM E AP FES T 50 &
BWE .

MR 1 R T Y R A X, ORI
BRI AN VEY) | bifi 2 1 438 T B Bk (i) 5 AR AT R A0 4 4
DL R R} i R S e R v 3 B2 B Ak A= 7 T = 3K
A X R ™, © B A R AL FAE ) R R
B, HET A O L IERR Ak S5 PR R 22 wi b 45 i
O RS H 6T HHERR L5 - 545418 1k i) N
R MAVERE . MR ST G 42 h a2 &
S A UK O 3 R 25 0 TR 1R A T AR T G,
Y% - A2 F ) R Mk T S A R R A
HAWEFE R A5 A WL 5 Bk R kAR

BRI R A AU R SR S AL, X
AL I KA LT O B R AR B o
R R EUR LR L AR K DR AE M e B AT Bk 2
S FEEFE R Z — 28 b AR SR T A — A A
FAFTR b B AT AR T A I KB VE R - RER 2B
A it JE 7 77 4P MRHT R AT 6 RCRAE L HR 1) 2 RO
) ) 7 X 3 7E 2007—2018 4F, A [] = 3 A i 5
2N 2B A R B R KR JE R 5 T

1 #5505k

1.1 ik 5%

3 1F 2007 4E 10 A F 2018 4E 10 A #i % R+
FOREE 2 28 10, R AR XU B T AR A U P T AT X
Jb 2= E A R TR AR B 5 R TLAE SFAL L LK
FBEPHEAEPIN 2~5 km; K& 2 0FH 2 8% 95 )
2~5 kmyi [, 75K W58 O R A 550 B R 4R E KB
PR A R TR] — A W A0 25 A5 T b B R O 1 7 4
AR BB L 2 YORME U [a] — [ s in, o BEE £
11 AR KR AHE. MEIC 4l N 230
kg/hm?,P,O; 85 kg/hm?,K, O 90 kg/hm?*, JCH FF
& 5 B AP AR B BOIR O — B, B 11 4R e AL, R
FERPE 0—20 cm, RAESOIE WK 1,

F1 #HiKTERECE

75 GH

1 44°04'24"N,125°25'26"E
2 44°11'47"N,125°32'51"E
3 43°45'38"N,125°07'11"E
4 43°38'24"N,124°57'51"E
5 43°33'01"N,124°53'15"E
6
{
8
9

R &
102 [E38 1 094 km &= %

102 638 1113 km 2 BEH
102 38 1036 km AL T4
102 3 1 017 km 4 H B
102 38 1003 km A DU % T4
102 F3# 990 km b F 1K BA
102 [ 961 km 4b 7 S0 b
KA B 19 km 4ok e
KA B 24 km g K B2
K% B 23 ke A0 2 R0 B 1

1.2 K#ESGHRTEENVERNE X

BHLTHLE G R0 o> 3B G 41 K o k4l
R R S ks G A B A RER G5,
A 1 mol/L NaCl W=, B & L3 W T 45 5
FRMLREIMKIER G AL ERR G HAEE
W, G A& AN BUS . R G, 41 $2 B0k 43
B GHE AW, GBI GGy 4B MR 1k
T Gy A B MBI H, SO, UL AT UL U
Lo MEFEZ 40 CHE T EFREIFIFE,

43°27'37"N,124°46'55"E
43°17'48"N,124°32'02"E
43°40'34"N,125°23'50"E
43°38'34"N,125°2330"E
10 13°37'59"N,125°34'18"E




%5 M

TIEA AR AN () e 3t R SO0k S e i HO A S MR A A B TR Y OE R 371

JE 58 o 2H - SR H R B BT A B Bk, 0.1
mol/L NaOH #1 0.1 mol/L Na, P, O, J& & Bl $2 5
JEEFHIR 25 20 43 A AL FH F S AR B A IR Il s, €630
ZB(Nlog K)Z IR Kyoichi 252 iy 7, Hofth + e 34k,
PR TR A7 BT i AR 585
1.3 Hmam5HELE

Bt B PR 1 R 22 1 R ] Excel 2010 HfF, %
P AH OGN 22 T2 1] U3 43 B >R T SPSS 20.0 1 #F
2 gk 5nPr
2,1 AEFMAAXTERHEAHRIESHEN

FEVE A RN bR B 2 FAS 6] ) O =X - 4
W G A B i RS L3R 2, BEERR B G i TE

2007 4RI PSP EI ARG 5 B 23.51%0, B 2018 4524
XF i BRI 32.57 %4 5 B Ao B Y G, 2R B
1 2007 4Ef 20.03% EFH5 2018 419 27.70% , [l —4F
Ty FR R AE £ BRI BHE R+ G, AR & & T
b BB+ G AL AT B . BFVE A B by 2
+ G 4 43k 31.43,28.93 g/kg, it ¢ K
AT, Zead 11 AR A8k, BRAE 2. A B b B 4 1)
Go 4 Fr 8 28 I (P <<0.05) . [ 6 5 R FE fi4h, Hidy 9
ANSKAE S AE 2007 4R 2018 AR I HE R 4 G, 41
DS N Rl U A G < s (BN B SR (s SR 7 N
I) ) FH 7 2K - 5 G 2 4 56 5 it F0AR G 5 2t 1) A8 AR A
Fb L AT B R

*2 #HiIXITEEASEE BAr:g/kg
PN [ PHER T E RO & SR A N e o R N oo
G, G, G, Gy +G, +G, G, G, G, Gy +G,+G,
1 105.00 286.00 24.50 415.50 84.00 272.00 14.50 370.50
2 83.50 289.00 19.50 392.00 68.50 314.50 16.25 299.25
3 95.75 284.25 34.50 414.50 73.25 277.50 23.75 374.50
4 79.75 225.25 35.50 340.50 62.50 281.25 20.00 363.75
5 84.00 297.50 22.50 404.00 68.00 254.00 27.00 349.00
2007 6 76.50 270.75 33.75 381.00 78.50 288.00 22.50 389.00
7 83.00 301.25 38.00 422.25 79.00 293.25 20.50 392.75
8 108.75 296.25 24.00 429.00 86.50 278.25 21.50 386.25
9 99.00 264.75 19.00 382.75 72.50 310.75 13.50 396.75
10 125.25 271.75 17.50 414.50 91.00 283.00 17.00 391.00
S (E 94.05 278.68 26.88 399.60 76.38 285.25 19.65 381.28
1 135.75 235.25 36.25 407.25 86.75 261.75 21.00 369.50
2 124.25 225.25 29.25 378.75 112.25 267.75 25.00 405.00
3 131.00 234,75 37.50 403.25 91.00 244.50 31.00 366.50
4 112.00 178.75 41.50 332.25 93.75 255.25 24.00 373.00
5 122.25 218.75 37.00 378.00 97.00 224.50 30.25 351.75
2018 6 94.00 219.75 43.75 357.50 118.00 241.25 29.00 388.25
7 117.75 232.25 46.50 396.50 109.75 247.25 27.50 384.50
8 162.50 214.25 37.50 414.25 121.75 239.50 31.00 392.25
9 113.75 218.75 36.25 368.75 107.50 251.00 28.50 396.00
10 141.50 231.75 31.75 405.00 115.25 241.50 27.50 384.25
SEHIE 125.48 220.95 37.73 384.15 105.30 248.33 27.48 381.10

PEIESE R d bk 2B+ G 4% & A 11
AEHT Y BT B HLAEE R s R K TR
M B A, 2 AR AR O 5K A O 2 43 )
J 57.73,36.93g/kg, 2007 4EM}, [A]— R AL S 1 2 Fh
ARFEF AR L G Al 4% & B L, B A W B
AL 3] 2018 AR HHE R £ G Al 4 Xt & = /N T
Bifrdkis e+ . BEER 4 G A= A A b A x5
W4 11 Rl 69.71% FTRER 57.54 %, B 4
Mt Bt G A AR & i 74.78 % T REH] 65.19% ,
BEFE SR R Pk B+ 8 G 4l & gt 11 4R

[in) S 2 AR (P <<0.05) . [l —4F M #HER + G 4
FA AR X B B BT B PG R - G R AR

2 FORTE R 7 U2 0 G, A 4 0 & =4 11
AR BN B R 1S e R KT B A MR
b, BRE R A RN B AR B A B X a4 )
7 10.85,7.83 g/kg. BHER L G, AV HHXT & b
11 4ERTAHY 6.78 %, - TF5] 2018 4E 11 9.89 % , Bl fF ARy B
+ GA WM T L 11 4FH 5.19% L F+ 3]
7.24% . FHEAEG Y [R)—RAE 2 BRI FHER 1 G,
24 %F 5 ek RGNS 5 e 0 e T B o R
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KFPEE SRS (G +HGOTE 2 B[RRI 5 =
IR 11 AERTR I T 2 RO AR O 2 1
SEHA 3 ) A 46.88,29.10 g/ kg BFAE 2 A AU B
KT Bidrpa B4, AHIRVAE Ay v AR [FERAE £ 2 TS
R T3 3 G+ G, 46 % i A Ee L A B S B
BLEPHER L G+ G A A & 2 AR KT B b
MRt BHERL G G 4IEE AR R &
283 11 4RI Ak R 76.49 %0 TR E 67.43 % L B b My R
+ G, +G dUx &R 79.97 % FRER] 72.42% .

HARER (G, +G, GO 11 4FF 3T g,
BEAE 2 A 0B 4 R B AP 40k 2 5 43 S O 15,45,
0.18 g/kg. 2 PRI 7 X L e 2 & K B A
ARTALOPS/EE N

22 AEAFAAXNTENBESTK

ANTRIRIH 7 20 A R B A AL W3 3. 10 X SR AR A
(14 2 FpA O AR R BEAE 11 AE A kAR 178 Mk, B
SRR BE AR DR R B A Y TR 2 ) 25 Rk Bl
FK-, 2018 AEIF, A ] SR A 5 3 1Y 71 pH 4331
5.54,6.66, HHERL pH TR KT Py by B
B A pH T 9.39% ~ 14,96 %, - T &
12.12% . B drpay B 4 pH T REIE N 3.77 % . T REE
f0.28% ~9.22% ., HFFER 1 pH TR R EH (P <
0.05) , Biifrpfcry B 419 pH AL AN W35 . 4% 11 4F R A
Fo,2 FhRH 5 28 3 HR AL Bk R 4 B
T, H 2 B 7 B/ 2A 4 rp vk BE 38 4 3 T A
B rops B A v B 4 38 in i

R3 ARMAARXLEOBRELTN

FHER T B 7 b 28 1
FE0y ¥ 5 H'/ AP/ H'/ AP/
pH pH
(cmol * kg™ ") (cmol » kg™ ") (cmol *« kg™ ") (cmol *« kg™ ")
1 6.25 0.02 0.06 7.49 0 0
2 5.70 0.28 0.19 7.12 0 0.06
3 5.72 0.16 0.04 7.01 0 0.11
4 5.70 0.22 0.66 7.08 0 0
5 6.28 0.10 0.24 5.72 0.14 0
2007 6 6.55 0.01 0.01 6.35 0.12 0.05
7 5.91 0.07 0.49 6.98 0.02 0
8 7.30 0 0.15 7.05 0 0.02
9 6.48 0.08 0.07 7.17 0 0
10 7.15 0.01 0.05 7.24 0.01 0.01
S #44H 6.30 0.10 0.20 6.92 0.03 0.03
1 5.40 0.14 0.21 7.33 0.03 0
2 4.99 0.39 0.36 7.07 0.04 0.07
3 5.05 0.22 0.15 6.95 0.05 0.11
4 5.02 0.31 0.78 7.06 0.04 0
5 5.69 0.19 0.40 5.45 0.16 0
2018 6 5.57 0.13 0.14 6.18 0.15 0.09
7 5.28 0.17 0.56 6.46 0.05 0.03
8 6.36 0.11 0.34 6.40 0.08 0.08
9 5.74 0.17 0.12 7.12 0.06 0.04
10 6.30 0.12 0.37 6.58 0.11 0.13
S #4{H 5.54 0.20 0.34 6.66 0.08 0.06

23 AEMAARXTEREYRNESETL

2.3.1 XA R X AT A AR A JF R A F R A
PR FHAEG Hoa LA VLK (SOC) 7 & 78 A [
FIA T2 11 AR s 00 W3R 4. BF1E R
AL SR TR 17.16% ~28.70% , F ¥ T &
20.61% , B 47 ks 2B A MLl % i R RE 5,810 ~
12.10% -2 F R 8.65% ,SOC £ 1 #F 1 2 1 1 B 47k
Rt 2 )22 Sk B W KT ORI O =X 14
P BARERR (HA) AR HLER (FA) A (bt R B — 2 1Y

225, Il RSN R R 5 X e AR+
BRI & B R [ 5.01%0~22.31%, F-¥ F & 12.18%,
HA Fl FA 7284k 8 2 (P <C0.05) 5 b7 4P AR AT B + 5 5 iR
TR 0.41% ~7.94% P T FE 3.53% . BFER
+E B R A S R 15.36% ~24.73% ., 1 F B
20.07% s i P Akl R e R A T R 69900 ~
17.27% YRR 13.14 % . A8 LR AN B50RR 78 Bk 1
S B R R T B bR R A T R AR
B A v i B A AR T A AR R L
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$1ﬁ:g/kg
(R B b bty 22 1

JE AN =)
RS 0 m SOC HA  FA

1 1430 7.6 2.66 20,18 8.89  2.24

2 1685  6.63  3.38 1781 8.69  2.49

3 1697 645 2.64 23.62  6.65  2.05

4 1786 446  3.26 2073 762 2.21

5 1377 602 221 2197 593 214

2007 6 19.00 748 239 2591 7.02 2,07

7 1864 6.45 293 2243 6.83 193

8 1840  7.29  2.85 2645 722 2.29

9 1930 656 279 20721020 2.35

10 1996 681  3.04 23.05  9.27  2.53

FHE 1751 654 2.82 2269 7.85  2.23

1 11,06 631 2.03 19.40 882 1.93

2 1539 552 217 1748 8.00  2.06

3 1526 6.01 213 23.23 650  1.83

4 1628 416 274 19.75 745 185

5 12.68 571 173 2115 568 1.91

2018 6 1677  5.81  1.86 2097 719 L72

71707 613 2.48 2187 6.67  1.66

8 1524 634 2.30 2527 6.82 213

9 1777 537 210 23.65 978 1.96

10 1825  6.08  2.36 21.25  8.85 232

M 1558 574 2.25 21,80 758 194
HA 962 0 1 2 340 Wt - 398 3 70 Jo o P ) o 2
WG, — AN, Alog K {E REWE I W )8 5 o 20 4> 2%
FIIE A2 R Alog KB ERA . 156 B H: 43 7 465 44 il
S22 R TR R O 3K HE v RO Y IR O (E
(Alog K {H) WLIE 1, 32 30 Bk 4F B8 450 B50R 4 W Ot
{H IR T 5] — SR AE AR B P M 28 1 U BFE 2R 1
()R B 45 4 L B AP bR BRI R AR X U BEAE

B HA 43 FAR R B 2% 50 e A 7 B AR

0.8

B BHER+

%

Bidpsh B+

-

B REFAAR LR HE
2.3.2 EXHEAMF XK BMBE T RRBESEE
#9%vh I RS S T R TR A e R A
WL 5. 2 PR O 3 S S i P S A PR
EERRION T, PHER LA G R T

16.29% ,CaCO, -2 R B T 31.53% ; By Ak iy 22 4 v
Ca " BARTFET 2.81%, CaCO, -3 FRE T 7.81%.,
Ca*" i1 CaCO, 7E B AE 2B 4 b iy B 3 B AR AR F B 47 K
R HA I FA 2840 B 3% (P <0.05).,

£5 HRIETHAESEFARRESBNTL

(N B 4 bty 2R
iy RS Ca*™ CaCO,/ Ca®" CaCO,/
(emol* kg™') (gekg ') (emole kg™ ') (gekg™")
1 19.18 7.80 21.30 7.60
2 19.37 5.91 21.24 10.84
3 18.63 7.00 20.28 10.35
4 15.04 7.74 21.18 10.67
5 18.91 8.82 16.36 7.39
2007 6 17.68 5.52 18.45 9.07
7 16.42 8.92 18.65 9.35
8 19.85 8.88 17.88 7.64
9 18.31 6.96 20.40 10.76
10 19.89 7.30 18.30 8.50
T (E 18.33 7.48 19.40 9.22
1 16.88 7.40 20.88 7.40
2 15.90 4,01 21.09 8.24
3 16.71 5.50 19.41 10.05
4 11.24 6.34 20.32 10.47
5 14.36 412 16.18 7.19
2018 6 14.25 2.42 17.61 8.67
7 12.75 5.92 18.51 8.25
8 16.51 5.18 17.23 6.24
9 16.93 4.86 19.85 10.16
10 17.89 5.50 17.51 7.30
FHE 15.43 5.13 18.86 8.50

24 RESEHRTHUELTEBRERKEYRNMEX
T
241 B#EIASHREELERENXZ HRER6 T
HLGAS pH 2 B FIEAMAC, 5 H M AP 2]
BEAMEL.G A5 pH ERBERML. 5 H 2
BEEMG, 5 AP FEEWREEEM,
*6 REESAKESLIEBEY ANXER

LA IE pH H AT
Gy —0.323 0.300 0.423
Gy 0.750" " —0.715"" —0.749" "
G, —0.726" " 0.470" 0.675" "
T FE 0,05 I CBUR) M e 355 76 0.01 G5 (WU » M 56
B¥., TR,

2.4.2 REAASKR EE pH SiEm Rk E  H
£ 7THHLG HYE HACa®" Al CaCO, S 4% W & 1F M
K. HFARBRBERML, GA5 A FTEENRE
FIEA X, 5 HA,Ca*" f1 CaCO, B 2 2 71 M 5%,
5 SOCERBFMAMEL, pH 5 HA Ca®" Fil CaCO;
EMBFEEMR, 5+ SOC ERFLEMEK;: S5
AT B2 B EAAG, 5 FA 2B EFAMEX,
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xk7 BRHEAGEREYRZENXER
e SOC HA FA Al Ca*" CaCO,
Go —0.432 —0.252 0.409 0.423 —0.255 —0.375
G, 0.431 0.834"" —0.494" —0.749" " 0.878" " 0.618" "
G, —0.494" —0.664"" 0.330 0.675"" —0.858"" —0.616""
pH 0.556" 0.801"" —0.462" —0.594"" 0.845" " 0.660" "
2.5 BK&EWRMTIERKEE ST pH T B =ik 3 ﬁ‘ Ill':

S

AT 58 F) 1 22 70 2 A 81 A A5 80 F o BT 4% I 45
JOkE IR B AL R R . 3l HALFA L Ca® .
Al [CaCOE R B8 & B T3 pH A G 15 RS
. M OCHFST 2B A AR R AR 2R 56 &R T L
FHZR M [l 5 43 Br 455 780 ok g b . O 25 0 Ik I
(VIF) FI45 22 1 8 22 T0 41k 43 B B 700 1) A8 S 7
W HOR VR, M A 22>>0.1 B FRIR LA O, O 221 ik
TF<<10 BHRFREMA G R — IR REUEAE 1.5~2.5,
YLEATC A A4 .

2 o0 2k M 15 B A S A0S [) i 45 9 S o6 pHL AR
R BTk 2 BT UL 26 8 RN 9. 5 Bh e &5 W I By e
R MG, VIF FIZE 25 10 i B AR b3 4 0.1~10, 1
A L2 P A ), Sy B A [l AR Y, (s — IR AR R
BOEAE 1.5~2.5, UL e 459 o 22 8] 6 H AR E B4 .
TE 5 PR ZE Y b, HA Fil Ca*' X G 4 A 3 5%
(P<<0.05).¥5 G HE R EIEMELRXR., pH ¥
HA fil Ca® B F W, pH 5 HA Al Ca®" 5 5 &

ARG R.
xS REWRSEGCAHSEZEANER
BAWE ‘,i%‘élgﬂﬁ\% _ LAk by
RE R AL BEN nE ig Mk A

HA 0.405 0.024 0.414 2.418

FA —0.080 0.616 0.437 2.287

Ca®™ 0.493 0.046 0.208 4.805

AP* —0.053 0.817 0.208 4.817

CaCO; 0.002 0.990 0.502 1.993
R? 0.851
RS R 0.798
e — IRk 2.280

9 REWRE pHZEMWXR
O S L L A
R B BEN nE ik A

HA 0.407 0.029 0.414 2.418

FA —0.284 0.103 0.437 2,287

Ca’* 0.761 0.006 0.208 4.805

Al 0.474 0.064 0.208 4,817

CaCO; 0.031 0.839 0.502 1.993
R® 0.838
HEE R® 0.781
W — IR 1.582

Kong 58 WF 5% 2 B, A0l 4 3 A1 H 5 =X 9 K )
SR b 5 ) - 1 S5 R RN IR Ay 1 . R
AR LRSS R A W IR AR ST 4 R
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