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The experimental study on trans-regional soil replacement

JIN Yinghua, XU Jiawei* ,QIN Lijie
School of Geographical Science, Northeast Normal University, Changchun 130024, China

Abstract; When people did ecological restoration, it was very difficult to achieve the trans-regional soil replacement. Basalt
platform is distributed around the Changbai Mountain Nature Reserve. The intrazonality soil (i.e. baijiang soil, peat soil and
meadow soil) in the temperate humid climate zone is developed widely on basalt platform, howerer, the zonality soil such as
dark brown earth is rare. The mountain brown coniferous forest soil, baijiang soil, peat soil and meadow soil are not in the
same physical geographic zone, and there are significant differences in their physical and chemical properties, thus, it is
not easy to complete soil replacement directly. In this zone, we could use the synthesis soil which is artificially synthesized
with baijiang soil, peat soil and meadow soil to instead of the mountain brown coniferous forest soil. In this study, the
baijiang soil, peat soil and meadow soil in the dark brown soil zone in the temperate broadleaved-coniferous mixed forest
were used as raw materials, and the mountain brown coniferous forest soil in cold temperate zone in Changbai Mountain
Nature Reserve was used as replacement object. Firstly, we completed soil synthesis taking the imitates the natural prototype
principle, and then, conducted the experimental research on trans-regional soil replacement and plant growth. The results
showed that the differences of soils were significant in the distribution of the content of every soil grain size group (%),
humus layer thickness (10—20 cm) , pH (5.9—7.5) , and the available nitrogen (N) content (57.8—100.7 g/kg) in the
mountain brown coniferous forest soil zone. The limited factors of plant growth were humus layer thickness, pH, and
available N content of mountain brown coniferous forest soil. Plant growth condition was better as the humus layer thickness
was 40cm, pH was 7.0 and available N content was 80 mg/kg which were the inflection point value of the mountain brown
coniferous forest soil limited factors. Therefore, the inflection point value of the mountain brown coniferous forest soil limited
factor was a key to synthesis soil, and it was the basis for physical and chemical indicators of synthesis soil. There were

more gravel but less silt and clay on surface soil of the mountain brown coniferous forest soil, the soil texture is gravelly
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sandy loam. Soil texture of meadow soil was sandy loam soil. There were less gravel but more silt and clay on surface soil of
soil texture of baijiang soil, and peat soil was loam. The mountain brown coniferous forest soil and the peat soil were more
abundant in organic matter content, however, the baijiang soil and the meadow soil were low. The pH of the mountain brown
coniferous forest soil was higher than that of baijiang soil, peat soil and meadow soil. Total N was more abundant in the
mountain brown coniferous forest soil than that of other types of soils, but the available N was lower in surface soil of the
mountain brown coniferous forest soil. The total and available potassium was the most abundant nutrient in the mountain
brown coniferous forest soil. There was no significant different in the total and available phosphorus for the four types of
soils. In Changbai Mountain, the mixed soil was made of a quarter of peat soil, a quarter of meadow soil and a half of
baijiang soil and the its soil layer thickness was kept about 40 cm, then the pH of the mixed soil was adjusted to neutral by

lime. It was the most reasonable solution for replacing the mountain brown coniferous forest soil since the vegetation

restoration effect was best and the cost was the lowest to produce the mixed soil.

Key Words: the mountain brown coniferous forest soil; zone; soil replacement
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Table 1 The mechanical composition of protogenesis soil and raw material soil the distribution of the content of every soil grain size group

s RIAZ I/ %o N
R S The distribution of the content of every soil grain size group HE
Soil type Soil texture

>2.0 mm 0.2—2.0 mm 0.02—0.2 mm  0.002—0.02 mm <0.002 mm
FREEAR L Brown S 13.8+1.3 24.1£1.9 25.6x1.1 24.9+1.7 12.5+0.9 e

. . - TR+
coniferous forest soil Tl 8.3—16.6 20.2—27.9 24.3—27.1 22.5—26.9 8.3—16.2
SE = SE M 5.3+1.2 18.4+1.5 26.4+1.4 30.5£1.6 19.5+£0.7 e
Baijiang soil S 4.2—6.7 16.5—20.4 25.1—28.3 28.6—32.1 17.6—20.8 .

Fifi + FHE 12.7+1.5 30.4+2.6 26.3x1.6 22.2x1.1 8.5+0.3 L
Meadow soil JEH 10.5—13.9 28.4—33.1 24.1—28.4 21.2—23.4 7.4—9.1 /
Jest FE{E 5.420.6 13.3£1.8 21.1£1.3 38.4x1.8 21.9+1.2 Bt
Peat soil BienE| 4.9—5.9 12.6—16.2 20.3—23.1 37.5—39.1 19.8—23.2

PRI XA 3 bt S5 1L R (T bR A B
PEPE 28 S B0, R BUA IR (BT AR L R 2 +
SERRATELZS Ky RO RURSASE ) 5 s /D | Jo M kg R B
A, XAMY LA AL AR B AR 3R 2
HUBKZE AR AL, DS o 1 AR i A
A BTSRRI (BR 1), AR A
Bk RIE LA i A PR & R FE, B
A A HUBCE AR, R R R 3R R
IR T IXAME 3 B LR BT AR L

RIZ TR RS EEIVE 3 R RS HE
R 2B S T HE 3 Mg, 2
PR AN A 15 B KRB (32 2)
2.2 J5UAR SRR R X AR A A R 23 A
TR (@ AR 1 A AN ] A 58 L AR 2R
MEB AW BAR XT3m0, +3%
P 8L O D R | TR R Ot S8R o 22 S W
8 MIRIEIAGE U E 4 472 1 ks @ 4T Ak
SR B P BRI B E KSR T RO T
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Table 2 Comparison of protogenesis soil and raw material soil
SBFN/ (o/ke) WS/ (mg/kg)
FE g/kg PLspS 8

ek HHLR/ % " | - Total nutrients Available nutrients

. . umus layer N 2 . g T
Soil type Organic matter thicknesys P 2R Bl B HHA HRE H

N K P N K P

ar
Eefl ﬂj‘i T 26.8£0.7  15.3:09  6.9+0.8 4.9+0.4 40.9£0.8  1.30.1 78.7+53  176.5£3.5 16.8+0.5
rown coniterous .
r 0“{ “.)l erous WHE 252-276 102203 59—75  44-53 389417 12—14 5781007 173.6—180.5 15.7—17.2
orest so1
A+ T 8.4+0.3 25.6¢12  5.9:0.3 3.840.2 21.6:1.5  1.1:0.1 1354437 121.34.2 11.3£0.3
Baijiang soil Fieti 8—8.7 23.1—26.9 5.6—64  3.5—47 197—232 1—1.2 127.6—140.7 116.3—125.1 10.4—11.8
Fif + T 4.840.2 34.8+1.6 5.240.2 2.3£0.2 20.1x1.3 1.8+0.2 99.6+4.1 228+6.7 19.5+1.4
Meadow soil Fiiki] 44—5.1 32.9—358 5.1—54  2.1-—24 184—223 1.6—1.9  943—103.6 220—235.7  18.2—21.6
Jest T 48.2:07  53.6¢1.8  6.1:0.2 27403 133203 1.740.2 88+2.3 21.6£0.7 17.1£0.4
Peat soil Fole| 464—51.1 503—56.3 5.9—6.2  2.2—34 11.5—148 14—19  843—923 18.3—23.1 16—18.5

221 R AR AR RN 5 XA ) A KA R R 22 5 2 (P<

JEAE - HERR R 1 8 B — AN 200m , 7R B
WA Bl ) R IR TR, R K,
AN T

AN ] V22 88 AR A e b A 7 2 R S B 4

0.05) (# 3) , B2 12 LR (ORI, B9 B0 K 38
ST U 5 >4 - 2 FE = 40m I, 0 65 75 K210
KRR S B B IR L 5 2 B IE T 40cm BY
e A PN

£3 REHHKEIARLIEEETEHAMHERRKR

Table 3 Growth of Picea jezoensis for different soil thickness on the mountain brown coniferous forest soil

Rl d AR KIS ER + 2B Soil thickness/cm
Growth time  Growth index 20 30 35 40 45
20 Z5 7 Height of stem/cm 8.2+0.12a 11.5+£0.13b 12.4 £0.12b 14.6 £ 0.13¢ 14.9 £ 0.13¢
I F 4 Number of leaf 10 £ Oa 14 £ 0.19b 15 + 0.18bc 15+ 1.7be 16 £ 0.16¢
40 Z575 Height of stem/cm 14.1 +0.23a 18.3 £ 0.26b 21.7 + 0.29¢ 23.4+0.27cd 26.5 +0.24d
I #% Number of leaf 14+0.12a 19+0.21b 21 +0.24b 28 £ 0.34c 31+0.32¢
60 257 Height of stem/cm 17.3 £ 0.19a 28.5+0.35b 26.4 +0.23b 30.7 £ 0.36¢ 32.3+0.31c¢

- 40 Number of leaf 23 +0.33a
ANR/ING bR AN R] )2 5 B A 33 ] 25 57 B 3 ( P<0.05)

28 +0.37b 31+0.31b 38 + 0.36¢ 42 £ 0.32¢

222 TIEFRREXTA KA RN
A+ HERIZ R pH HARL B K, NE IR P
PRI, 3 pH B XA W A K 5 25 5 i

H(P<0.05) (£ 4), = Z4HAE pH {H 7.0 B
H KB, pH 1H 6.5 A KB4, pH {H 6.0 1 7.5 B A=
KA,

*4 AEpHETHEEFHKEI EESRZHERKRL

Table 4 Growth of Picea jezoensis for different pH on the mountain brown coniferous forest soil

R/ KR pH
Growth time  Growth index 6.0 6.5 7.0 7.5
20 257 Height of stem/cm 8.3+0.12a 12.2 +0.15¢ 14.4 £ 0.13¢ 10.6 + 0.12b
%% Number of leaf 12+0.1a 15+ 0.14b 16 +0.13b 15+0.13b
40 255 Height of stem/cm 17.6 £ 0.17a 23.3+0.21c 24.2+0.2¢ 19.7 £ 0.18b
744 Number of leaf 22+0.18a 27+ 0.22b 28 +0.24b 23 +0.19a
60 257 Height of stem/cm 23.4+0.32a 29.6 +0.34b 30.3 +£0.29b 24.7 +0.24a

I % Number of leaf 29 + 0.23a
AN/ FREFR R AN [7) 1 J2 5L BE AL PR W) 22 57 1225 (P<0.05)

36 +0.24b 38 +0.21b 28 +£0.23a

223 HHEERCR A KR R
P A I AR SRR R S A2 A I AR K

FM2E5 035 (P<0.05) (% 5), BAAFTEIKT
80mg/ kg, g A AZAE K 1%, & T 80mg/ kg i =~
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Table 5 Growth of Picea jezoensis for different available nitrogen on the mountain brown coniferous forest soil

RS HAA Available N/ (me/kg)
Growth time ~ Growth index 60 70 80 90 100
20 255 Height of stem/cm 7.4 +0.08a 11.8+0.13b 14.6 £0.17¢ 15.1 £ 0.16¢ 159+ 0.17¢
i % Number of leaf 12+ 0.13a 14+ 0.11b 16 £ 0.14c¢ 16 +0.14¢ 17 +0.13¢
40 25 Height of stem/cm 15.8 £ 0.18a 22.6+0.14b 24.9 +0.15¢ 25+0.14¢ 25.3+0.16¢
it )7 4X Number of leaf 21 +0.21a 25+ 0.19b 28 +0.23¢ 28 +0.22¢ 30 + 0.26¢
60 25 Height of stem/cm 22.6+0.31a 28.4 +0.29b 30.2 £ 0.35¢ 30.8 £ 0.33¢ 31.2 +0.36¢
it )7 4% Number of leaf 28 +0.27a 32+0.31b 38 +0.28¢ 40 + 0.25¢ 42 +0.24c

ARG FREFIR AN 7] 1 J2 B BE AL BRI 22 57 12 35 (P<0.05)

RS Gy (A FR R B LA i < A2 A K 22 5
A,

e AR K A
Ji Az A S PR AR 35 X 0 B A2 40 R A K
Wi 225 AR 2 (P>0.05) (% 6) , KbLE 2 i £ 8 <

224

F6 FRERMTHREHHKE EESRMEERRKR

Table 6 Growth of Picea jezoensis for different distribution of the content of soil grain size group on the mountain brown coniferous forest soil

A A KSR <0.002mm A7fE Grain size
Growth time  Growth index 60 70 30 90 100
20 227 Height of stem/cm 13.7£0.12 13.9+0.11 14.3 +0.12 14.5+0.14 14.7 £0.14
I %4 Number of leaf 15+0.17 15+0.12 16+ 0.14 16 +0.13 16+ 0.13
40 257 Height of stem/cm 23.6 0.21 23.8+0.24 24.4+0.19 24.8+0.15 25.1+0.17
I %4 Number of leaf 27+0.23 27+0.23 28 +0.26 29 +0.24 30+ 0.26
60 227 Height of stem/cm 29.1+0.21 29.3+0.25 30.2 +0.24 30.4 +0.24 31£0.23
I %4 Number of leaf 38 +0.33 38 +0.31 38 +0.32 40 £ 0.35 41+0.34

AFINE FE:F IR AN R) 1 J2 582 b 2 ) 22 5 B 3 ( P<0.05)

2.2.5 A IEPREIH 4 (fH)

38 o S AR A SRR A AR B S g R Y
JEJE R EE FIFR It A2 4 A K R ok, N
B R R F 5 1 R b X 095 o A2 i A K

T () 3R Jy 40em FREE N 7.0 HEAA S
M 80 mg/kg( 11— 4) | A R A PR AL FE B2
DA -3 SR DR 45 2 (M) 8 b o 0 0 Al AR
R B OGS A

2.3 AR A KSR S BT
231 Gl tHEENYIE TR

SEMAAN K, Ol — ek BRI 7, DA - SRRl

35

ol S 2R E RS T A 1 3
£ 31r 32
= 29+
= g 30
E‘) 27t S
z st E,J 28
& 23+ < 26|
o g
ES a4 1

19 + P

17 + ' 0t

15 L L L L ! 20 L L L )

20 30 35 40 45 6.0 6.5 7.0 75
+ B JE B Soil thickness/cm pH
E1 AELtEEETHESHNTH 2 AEBRETHRESHTL

Fig.1 Plant height of different soil thickness Fig.2 Plant height of different PH
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+ 3 L LE 2R A AR B i AR i TR BT AR
o (ER SR Y AR T A AR L OO
THMEY (KT,

Xof B B 0 AR B, 3 PO S 1 4L
PR AT T AT AR L AR ) TR A 2 5 RS
SR, DO AR R 1 R R, 7R
BTG 2 AT N TR & B 3R o LA
GBI RR 5 R B TR A TR T 8 A RO A
AT N TR EE 15 %) pH {E 7.0,

RT INARALIABTEREUMER

Table 7 Physical and chemical properties of synthetic soil for three schemes

AL Chemical property/%

Bt YIFEPE BT Physical property/%

W5 KA R B/ mm +HEF 45 Soil nutrients/ ( mg/kg)
Schemes of The content of soil grain size group ﬁﬁf@ WL . WAL P R K
synthetic 2.0— 0.2— 0.02— Soil pH Organic ﬁﬁ& N Available  Available
soil >20 0.2 0.02 0002 <0002 fexe matier Vbl N K

75 % — First 8.19 20.71 24.60 30.37 16.14 it 5.9 275 106.87 15.4 124.33
F% " Second  7.44 20.15 25.05 30.41 16.98 B+ 5.7 233.63 113.05 14.1 123.63
J7 % = Third 9.53 23.14 25.02 27.32 13.97 b+ 5.5 271.3 105.2 14.6 150.8

2.3.2 3P LL T A R SRR P A K Y S R

fifi FH pH B 7.0, 2R 40em 1Y 3 FEC LT 5
()G A 498 R AT 0 85 25 A2 Al i A KRR 1 2R
5 % B8 pH H 7.0, )2 JEFE 40em AR E Y 80
mg/ kg ()54 + 5 i o 2 2h i AR KO DL, T R —
FJT 28 A B A48 1 f0 2 A2 A K IR 0 T 20T
A I E A2 AR R BROL, TR = A
3 A AR R 2E

T G — M5 B A A B0 IS F Ll Hb T i Ak
WAL WK B s -, XA AR £, BTy

i, M % —RxE55E 45 174, K&
172 IR A B —Ble s £ K - As ) 4 4%
b7 13 TR A SN, FZE 17,

3 &ip5idie

31 45ig

(1) AR 1 V8 TR 5 P i A 1 o 4 P 1) 198
okl AR i A AR AR X P ) ZE A 1L AR £
AR R B G2, AT e L AR IR AR Y S AR,
S PR A 1 -
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Table 8 Growth of Picea jezoensis for three synthetic soil and Brown coniferous forest soil
KR K FRETH: I e =

Brown coniferous

Growth time  Growth index

forest soil

First schemes Second schemes Third schemes

20 257 Height of stem/cm 14.6 £ 0.17h 13.9+ 0.15b 13.2 + 0.14b 12+0.11a
%% Number of leaf 16 £ 0.14b 15+0.13b 14+0.13a 13+0.1a
40 257 Height of stem/cm 24.9 + 0.15¢ 23.2+0.13b 22.7+0.12b 21.2+0.12a
5% Number of leaf 28 + 0.23¢ 26 +0.19b 25+ 0.16b 23 +0.13a
60 251 Height of stem/cm 30.2 + 0.35¢ 29.6 + 0.32be 28.2 + 0.29b 26.8 + 0.24a
5 ¢ Number of leaf 38 +0.28¢ 36 +0.23b 34 +0.21ab 33+0.19a
ANRl/ING A R AR R 4 )2 5 B A B ) 2% 57 B 3 ( P<0.05)

(2) Ll oAt bR o 1) S 5 o J 2 TR R 5
AR AR A R ARSI, AR
A FE T R BE AT, B3R 40em
FREE A 7.0 HALA & 50 80 me/kg, AW EAHY
KW,

() FERK AR R+ 556+ 4.5 174,
Kt di 12 ATIRA, LIZERE 40em, I A 7K

PEAT VR R 1K 3 M S A AR R RSO R A L o Y
1%, et 1l A R AR - A T B A O R
32 g

(1) BRBRHI P FHEFRAE , B0kt 500 s 5
A IR ERACE 25 R, BRI AR A DX
TR A R R R A 2 A
T RGO LK R T R AR T, R LUAR
Fo A B A e AR AN A2 DR, TR TR Ry
T IEA B SRR

(2) I B A K & F W AR TR
(AR DR 3AFD A L R S R AN
T P S S VI NS O i B )

(3) fER R A st At n“}izmmﬂﬁiﬁ%ﬁ'
T B S IAR G A SR, DR A A b b5
SHCRE AR 7 S B ) 7 X)u(ﬂ'ﬂ%ﬁﬁﬂﬁ']ﬁiﬁﬂzﬁf 4)5
H AR Y S — A IR SC HalE AT TAR K (60d)
() A% R E)ﬁh?’*ﬁ@ézb@ﬁi EETAEEi

B EOEH AR E T AR R EOR U 3X 3E E  AN
g 305 38 o Pt PR IR
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