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Abstract: [Objective] In this study, soil quality index (SQI) was used to evaluate the effects of different
mixed modes on soil fertility quality in Larix principis-rupprechtii forests, in order to provide theoretical
basis for proper management and soil fertility recovery. [Method] The pure Larix principis-rupprechtii
stands (LP), mixed Larix principis-rupprechtii and Betula platyphylla stands (BL), and mixed Larix
principis-rupprechtii and Pinus sylvestris var. mongolica stands (ML) were selected as the research objects
in Saihanba Mechanical Forest Farm of Hebei Province, northern China. The soils of 0—20 cm soil depths
were collected and analyzed to investigate the soil physicochemical and biological properties. SQI was used
to evaluate soil fertility quality. SQI was determined in three steps by selecting a minimum data set (MDS)

through principal component analysis, scoring the MDS indicators using non-linear scoring functions, and
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integrating the indicator scores into a SQI using the weighted additive equation. [Result] There were

different degrees of differences in soil physicochemical and biological properties among different mixed

modes. Compared with LP, the soil physicochemical and biological properties of BL were significantly

improved. The soil physicochemical conditions in ML were worse than those in LP. And there were no

obvious differences in soil biological properties in ML and LP. The MDS consisted of soil microbial

biomass nitrogen, total phosphorus, and ammonia nitrogen among 17 soil fertility quality indicators. There

were significant differences in the SQI among three mixed modes, which were showed as: BL (0.59) > LP

(0.47) > ML (0.39). [Conclusion] The soil fertility quality differed significantly among varied mixed

modes. The mixed Larix principis-rupprechtii and Betula platyphylla stands in Saihanba Mechanical Forest

Farm can improve soil fertility. Soil fertility quality evaluation based on SQI by indexing approach can

provide the basis for evaluating forest soil quality of other species and regions.
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Tab. 1 Basic information for the sample plots

; o b . R B /(B -hm ¥ RS S Y =
AR Siﬁ)ﬁ Y ek Fl‘zkéf)clm F&E/(ﬁ' hr/n ) (ﬁjlil?ﬂf&*“ 4; AR Aq: S e
Mixing mode ope Slope aspect Elevation/m ant density anopy verage - Average tree
degree/(°) (tree-ha™) density DBH/cm  height/m
AL RIS PhE, 74, Pirg
Pure Larix principis-rupprechtii forest Northwest, west, southwest 1598 1195 0.7 20.28 15.88
MRS BR L, 7
Mixed Larix principis-rupprechtii and 12 No I“ﬂ”lWeSt west 1588 1289 0.73 18.20 14.90
Betula platyphylla forest ’
AETRITIR
Mixed Larix principis-rupprechtii and 11 PiE, P 1589 1328 0.83 19.08 15.32

Pinus sylvestris var. mongolica forest

Northwest, southwest
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Tab. 2 Changes of soil physicochemical properties in pure and mixed Larix principis-rupprechtii forests

Mixed Larix principis-rupprechtii
and Betula platyphylla stand

T MBI 2T PR RIS
Mixed Larix principis-rupprechtii and
Pinus sylvestris var. mongolica forest

- P g2
Ei=tan o
. Pure Larix principis-
Indicator ..
rupprechtii forest
Jii B8 7K % Mass moisture content/% 16.06 + 0.91ab
pH 6.34 + 0.05ab
 HUB Organic C/(g-kg™) 29.17+1.27b
4% Total N/(g-kg™") 1.97 +0.12b
41 Total P/(g'kg ™) 0.31£0.01b
%% Ammonia N/(mg-kg ") 10.26 + 1.09a
FH % Nitrate N/(mg-kg ") 2.20+0.25b
%% Available P/(mg-kg ") 2.91+0.11ab

17.96 £ 0.93a 14.45 £ 0.56b
6.24 +0.03b 6.39 + 0.04a
3435+ 1.84a 24.71 £ 1.35¢
2.77+0.26a 1.56 £0.12b
0.38+0.01a 0.26+0.01c
1244+ 1.11a 9.51 £0.90a
290+0.27a 1.75+0.17b
337+0.21a 2.81+£0.20b

VE: AFVNG FRERIRANFR A J7 300 2 57 B35 (P < 0.05), {E N PIME + ArifEiR. T [Fl. Notes: different lowercase letters mean significant
differences among varied mixed modes at P<0.05 level. Values are mean + standard error. The same below.
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Tab. 3 Changes of soil biological properties in pure and mixed Larix principis-rupprechtii forests

e AR RWRER Rk
Indicator Pure Larix principis- Mixed Larix principis-rupprechtii M}xed Larix p}"lnctpls—ruppr?chtll and
rupprechtii stand and Betula platyphylla forest Pinus sylvestris var. mongolica forest
PLFA /S Total PLFAs/(nmol-g™") 36.38 +1.38b 51.66 +3.34a 32.52+1.67b
4l Bacteria/(nmol-g ") 20.32 +0.78b 30.00 + 2.05a 18.00 + 0.98b
H1H Fungi/(nmol-g ") 3.64+0.11b 4.92 +0.30a 3.41 +0.16b
JLZL T Actinomycete/(nmol-g ") 3.79+0.19b 5.67+0.49a 3.31+0.18b
A A B Microbial biomass C/(mg-kg™) 33455+ 12.77ab 372.28 £ 16.46a 316.13£9.98b
A AR Microbial biomass N/(mg kg ™) 42.63 +2.24b 52.92+3.18a 38.31+£2.16b
N Invertase/(mg-g "h™") 49.01 +2.20ab 56.66 % 3.66a 44.62+3.87b
JIREf Urease/(mg-g "h™") 0.23+0.01b 0.36 +0.03a 0.21+0.01b
R FRTE Acid phosphatase/(nmol-g h™") 774.82 +76.25b 1 064.93 + 105.86a 721.65 £ 56.77b

ARk T R Ml 5 VEAE VE MOV S MR B3 T bR SRR 3 A R RHIE(E R T 1, Rk

AR AR IR AR (P < 0.05) B F 90%, W HRE A M R AR 2 HAR 5 (R 4.
2.2 EJCEMRARFIR AT IEREHEE (SQI) 6 %€ T B3 R B AT AR R EAT U 22 B KT Re Ja s B —
221 FRAHFELE (MDS) FE47 RT3 B e B AT SR AR A S AR A B

I 17 B IR T SR SR AR B AT A A, UEVIAE YRR RN R VEREIR M 5 R 4D,

x4 ERSBEFRERGERE. HFEESHAERHRE

Tab.4 Rotated factor loading matrix, eigenvalue and variance explained of principal component analysis

F 84} Principal component

F8 45 Indicator

1 2 3

5 & 7K # Mass moisture content 0.794 0.368 —-0.011
pH —0.087 —0.234 —0.946
A HLB% Organic C 0.785 0.446 0.337
4% Total N 0.800 0.493 0.275
4T Total P 0.067 0.895 0.171
% % Ammonia N 0.813 —0.021 0.463
4% Nitrate N 0.888 0.292 —0.094
1 %% Available P 0.813 0.285 0.246
PLFA S & Total PLFAs 0.739 0.588 0.244
41 Bacteria 0.726 0.601 0.253
JLH Fungi 0.617 0.682 0.135
JRZEH Actinomycete 0.736 0.561 0.194
EEW E ) E Bk Microbial biomass C 0.909 0.349 -0.057
TR A4 ) B % Microbial biomass N 0.875 0.433 0.08

HEFERS Invertase 0.927 0.158 0.118
IR Urease 0.545 0.749 0.075
VBRI Acid phosphatase 0.875 0.301 0.265
¥ 4EE Eigenvalue 9.524 4.075 1.676
77 ZETTHREE Variance contribution rate/% 56.025 23.973 9.860
ERU Z 5Tk % Cumulative variance contribution rate/% 56.025 79.998 89.858

= RELAR B R 38y 2 s v R AT, RELAR T K 8 1 R 7 28 A R RN IR B /N B R SR Y FE AR - Notes: boldface factor loadings are considered
highly weighted. Boldface and underlined loading values correspond to the indicators included in the MDS.
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FA LU AR AR S MR 3T 70 B B 1E 4 (19 MDS 1=
A E R AR 3 MR 4.

x5 BEFHEHEREREXE

Tab. 5 Correlation coefficients for highly weighed variables

R e A A R WAEMEDER REVE G PR T T L
Soil indicator Nitrate N Microbial biomass C Microbial biomass N Invertase Acid phosphatase
HiF % Nitrate N 1.000 0.909 0.912 0.886 0.820
WA AP R Microbial biomass C 0.909 1.000 0.947 0.894 0.900
WA A W & % Microbial biomass N 0.912 0.947 1.000 0.880 0.930
HEFERE Invertase 0.886 0.894 0.880 1.000 0.854
R 1 BEELES Acid phosphatase 0.820 0.900 0.930 0.854 1.000

222 #HAEFSERE

THE MDS F8 b5 %R 553 1) 75 26 DURR 6 7 E
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2). TE 4T, 3 AR A 7 3R SQI AR 1k
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N score
(=]
'

WA AW A 5
Microbial biomass

" a a .
0.6 b c b b a
a
b
4t ¢ % b
02
0 I I I I 1

% Spring  E Summer Fk Autumn 4¢ Winter

-b a a a
06} a a b
b b b b b
A C
02}
0: 1 1 1 1

% Spring ¥ Summer £k Autumn 4¢ Winter

/]}

T
Total P score

(=]

~

ol.O-c

S 0s| b

@ . aa
$§06' b a
HE o4l Y
WEO.Z- bE1b c
< ol IE . . .

% Spring  E Summer Fk Autumn 4¢ Winter
ZE717 Season

CJp EBL EML

ANFNG FRER RN AR A 7 ) 22 57 i 2 (P < 0.05), LP. & H-#24
4libk; BL. % HER AR ML, V8RS #k . T [F. Different lowercase
letters indicate significant differences among varied mixed modes at
P < 0.05 level. LP, pure Larix principis-rupprechtii forest; BL, mixed
Larix principis-rupprechtii and Betula platyphylla forest; ML, mixed
Larix principis-rupprechtii and Pinus sylvestris var. mongolica forest.

The same below.
1 /MRS (MDS) FI19 518
Fig. 1

39 b

3.1 B AR HERL AR
AR EY 17 T AR 7 i e A, AU S 2

HHETE R YR R 3% & . pH ZHAL M

FRFRUY, IEAR AR I T AE DX, I 3R R Y
Vi G5 R TR ) A R RO R AR N AR FE

Scores of minimum data set indicators



56 S A S 435
038 [ip EEBL EML PLEA Rt 2 W A Wy B o 2 v ¥ R AR AT A

—F—

a
L b
. . b a
a c
b b
. | (%

% Spring  E Summer Fk Autumn 4¢ Winter
Z=7 Season

P2 Ak FAAUMRRIR AL bR o 39 BB AR 2 (SQI) A2k

Fig.2 Changes of soil quality index in pure and mixed

BT TEEL
[=]
()}

Soil quality index
=
~

e
[}

=]

Larix principis-rupprechtii forest

bro MRS, IR AL bR AL 3 B 5 3 R BT AT
FE LRI B AEAN thle I AN SRR e
PRAE SR IR AR R G RCIR AL, Hoo R
AR, A5 LI TR PP bl 52 B AL,

K> RN IR E A, 25+
3 vh ) 5 e A AR R R IR ) B R R
VR MR SRR 33 D R S K A e T AR AR (3R 2D,
5 BRSSPI T TS REE A — B AR AR
TR S KRR TR AR AR R 20, AR
VRS S MR HOHR P R v (3R 1D, MR FRAIR, AhA
R R R I IRKRCR 22, HAR TR R
IKBE 8. I pH & T SRR ) e B4 Sk, AN
(B2 M A M I R AL 1k, T B S g IR
I T B B AN R DDA R U0 R 4R 46 P
TR BLET R 8 S PR (B R AR PR AR TR A MR I 2 A A
FIRACHMO M L3 pH sy T8 20K (5 AR 20O
S5RIBA 50 A3 pH RANEIRERAIRA <
Vi AR AR < P AREIR AR R 2), XU W] T E S
MRS REAE — B REE B SRR . T 3R
PE RO IR RS L 0 B iR L A AT AR
B RN LIRS AL L L, B
IEAE AT PR RE S R v S IR T R
bRz W RIIR RO B A KA
SRGE IR R, & H L R0
FRUC PRI ST PR 1 - A LR AN 57 705 S B
T RA AR GR 2), X5 A& I — 8. 7%
HEIR AT R AOAR AT EEAR (GGR 1D, AR OBIE R 2, Rt
BRI, SR T RIS AL, LIRS R R SRR
AN R, PR R e o R AR, AT
BeA NI BRI R . AR S MR e
PUBRAN IR 73 & B4R AR AR 2R (3R 2), 151
WFFE DX 38 )V AR R SEARANA - AT LB AN 57 23 1)
T3, 524 RAESE IE 7 45 R i, X T g V& IR
AT TR P 2 e AR T W o0 B A SR,

£ 3 iR A2 Ty A, TGRSR T IR G

TRAIRCER 3), SFRILHAEIRHT TEAE RN ot
TR, R P BEAR, B0 1 MRIIASE 2 AR AN A
B2k AF, AT L BE 2R 0 AR G SR AR B
J38h, BRI T RV AL B N oy
i, NPEMSRAL T R KB R AR
PR It Al AR Y - S T 3T AR 2k R SR
W 72 5 (3R 3), R ARFI G BT Fo 45 RA — 2
5 PRI T i 2 1 X A R S AR ) - SRR B R )
ROERAT BN D0 o T ME TR S PR A - S R I R I
AT P Tl TR s 11 20 vt 9 v SR ANV A TR S
(3 3), Ui WITEHEIR A MR RS e IR AN 70 b FH K
W FE T, i (AR T AR A i S e 22 R PR AN v 40
A R T A M T SRS R O, RN E
72> B 30 R | IR RS pHL J RS 3R B 2%
) I BERZ I 77 20 A R MG A 77 75 KR 5
b, F-3EIK Gy pH SRR 1 s (R 20 A BLfig st
IR 73 o
3.2 fedbiEmrRas AR R ML IRREREE (SQI)
M7 A RS bR R, S R E Y A )
A A A K MDS. LA AT R R
e B HE LR P BOE R 3. iR
B RO BEE AT — R, IR R
REJE b s B A= 3 (R 57 20 45 IR U s 3K 3 TildE AR S
HoAt RN MDS f 5 8] 7778 A [ 7% A <
W T B A E R bR B S T AR A
(SEMD AJ A7y #rix S B AL A A= W45 br 5 L33 0 o
BINR AR G5 H T FEAE R D FL A - | HHE B g
T3 iR AR B2 18] B 2% 50 A 1 R TR DA R AR S TR
B P 2% ) LU R 1, T B A 2 b I T R A
BEFTHRET ), i FASCEE A IR, MARERE T
BEHT. AR EIEN T RREA RS . Kline™
KIL, £E SEM 3 Hr i, WRFEAR KN T 100, ZH04h
THERR AT EER . fEARK BT T U TE 24
A, DS BT A iy g 9 B RN AR W A O A AR A X
FEF YU IX - NE 7 o B R, X — 2
WL I JT 7). MDS 7E L3 B PN h i) 2 3%
A, AT PATE AR S HE 4R, I R Hodls T
AR B AR TR A0 B AR B o 7R IAS SR A 5 B 4 B0 Y
Hh, BCE AN T oo B SR A, T IOLEA E B
SRAR AR (045 20 B2 AT T, AR AN 5 B 45 Ao
R 7 EIEEAEM Y ER KB, IFREE T+
BB R IR, T 1 INBCR A5 H
Bl 11, FERM T RAEM A R R EENE . SQI ik
A DU TEAG AR AR A 77 e 1 — Fh S i) e &=
TR, FFN AR s b X SR 2%



ERE ] H

& FEFFEINAE LT A AL AT IR LI 70 A 57

AW TR 3 PR A T7 2 TE ) SQI £ 57t 12 2,
HAR RIS NTEMIR IR > T AR SRR > TEARIR AL
WRCIE 2), B At o 5 ] AR (TR A e . 25 4R
e R 3, T 5 SR R TR SRR T R
T30 HARBETUEE RN, Miraa U W TR B 2R
Jbad AR DX AT R VA AR AR AT ) o B v T AL
lyy i S T TR N TR St w3 7 R 1 A
FRIVIT S0 R I A T AR VR AS MR 1 SQI AR T A4
AP R AEAR, T DR 8 Vi 400 11 ) B T 2 R T 2
W, SARSCEIRAA . AT AR 5 AR AT,
TR R 2 R A M AR, AR RO
B VE) I3 A AN AREY, 1K Sl SQI A Prfid i
TR A 52 T IR AR e X R SRR I R 5 1R &
REEL, MNYERF RSN 0 A B A R, AT TR BT
FC DX IR AL v - Fa B S A MRS T AN B S R R
TRAZ . AR G Wi R Vi 40 o il T 36 S R 00 BT
Y 1 B2 A, i FEIE T A B I F B S A IR
WAL ARIR AL, A E 5 K AR . W% TR
B R R A R R, B v IRV AR B R
FIMEAL AR S, T AN B 5 R MR 220,

4 % Sy

A 5T R FH 48 U g 52 SQI X Tl b 44 2E 3l
HUBAR 7 £ AL T it AR S AR AT IR S MR AT - 388 77 5k
BIFr . BT IO 17 BRI ) R fE AR A E A
[FIFERE R R, 55 7% AR SEARAR LL, VA MEIR SS bR L
SEHACREYIE A T U 0GR, AR M
BEARIUE Z, RV A IR E R, A
L e H SRR W AR R R A T AN = R B
MDS. A [R] 7R A2 77 28] ) 3 A ) ot B 7 S R
VEMERAS AT R T RS T . AR SCR A SQI i
HEAT HIRNE S BT PEAY, 7Ty A A L A b X
I R PR A 5

z % x #t
(1] EZEMA AR R, o E R GRS [M]. b5t T E AL

Jigtt, 2019.

National Forestry and Grassland Administration. Chinese forest
resources report{M]. Beijing: China Forestry Publishing House,
2019.

(2] BRILH, BRieft, BOChs. B N DAEEY 5 LIL e ik
R FC [I]. B AE S 2240, 1998, 9(6): 581-586.

Chen L X, Chen X W, Duan W B. Larch litter and soil
fertility [J]. Chinese Journal of Applied Ecology, 1998, 9(6):
581-586.

[ 3] Bone J, Barraclough D, Eggleton P, et al. Prioritising soil quality
assessment through the screening of sites: the use of publicly
collected data[J]. Land Degrad Develop, 2014, 25(3): 251-266.

(4] B, XK, RAE. FEHA NIRRT 23], R

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

olk K 224K, 2003, 31(3): 16-18.

Yan D R, Liu Y J, Zhang Y J. Dynamic of soil nutrients under
larch plantation[J]. Journal of Northeast Forestry University,
2003, 31(3): 16-18.

TR, S EZum, X7, 4. T E E A TR AR
35 (3] Aol RBHE, 2005(2): 12-22.

Cheng X, Wu'Y Q, Liu G Y, et al. Experiment on renewal of site
to build mixed birch and larch forest[J]. The Journal of Hebei
Forestry Science and Technology, 2005(2): 12—22.

XIHESR, ZEAREH. A N TARTR IR IR AR 5 B R L ) 3R
BB I I, RAEMRI 25440, 1993, 21(2): 19-24.

Liu S R, Li C Y. Nutrient cycling and stability of soil fertility in
larch plantation in the eastern part of northern China[J]. Journal
of Northeast Forestry University, 1993, 21(2): 19-24.

TR AR AR RS AR S A K s ma [T]. Mol &Y
ZERETL, 2001, 14(4): 455-458.

Fan H H. Influence of miture with Alniphyllum fortunei on
sustainable growth of Chinese fir[J]. Forest Research, 2001,
14(4): 455-458.

Nakajima T, Lal R, Jiang S. Soil quality index of a crosby silt
loam in central Ohio[J]. Soil and Tillage Research, 2015,
146(part B): 323—328.

Qiu X C, Peng D L, Wang H B, et al. Minimum data set for
evaluation of stand density effects on soil quality in Larix
principis-rupprechtii North  China[J/OL].
Ecological Indicators, 2019, 103: 236—247 [2021-01-02]. https://
doi.org/10.1016/j.ecolind.2019.04.010.

YRR AT, (I, WHEAR W LIRAE TN R AR AT v U], Ll
¥REE, 2002, 11(2): 202—-205.

Luo D Q, Bai J, Xie D T. Research on evaluation norm and

plantations  in

method of soil fertility[J]. Soil and Environmental Sciences,
2002, 11(2): 202—-205.

Raiesi F. A minimum data set and soil quality index to quantify
the effect of land use conversion on soil quality and degradation in
native rangelands of upland arid and semiarid regions[J/OL].
Ecological Indicators, 2017, 75: 307-320 [2020—12-29]. http:/
dx.doi.org/10.1016/j.ecolind.2016.12.049.

Guo L L, Sun Z G, Zhu O Y, et al. A comparison of soil quality
evaluation methods for Fluvisol along the lower Yellow
River[J/OL]. Catena, 2017, 152: 135-143 [2020—12-20]. http://
dx.doi.org/10.1016/j.catena.2017.01.015.

Dose H L, Fortuna A, Cihacek L J, et al. Biological indicators
provide short term soil health assessment during sodic soil
reclamation[J/OL]. Ecological Indicators, 2015, 58: 244-253
[2020—12-01]. http://dx.doi.org/10.1016/j.ecolind.2015.05.059.
BHZ, Wk, 2%, 5. R AN TAM IR 300 f
LREVENBITTT). RO RHE R S44, 2013, 33(3): 64-69.
Qin Q Y, Cao J Z, Li J, et al. Comprehensive evaluation on soil
fertility variations in Pinus massoniana young plantation[J].
Journal of Central South University of Forestry & Technology,
2013, 33(3): 64—69.

N, ZEBRF, BNE, 85 AR AR At bk LIRAL 77
ZRAETEN D], MOk IR 2T, 2019(1): 57-62.

Sun Y, Li J P, Cao X Y, et al. Comprehensive evaluation of soil


http://dx.doi.org/10.1002/ldr.2138
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.04.018
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.04.018
https://doi.org/10.1016/j.ecolind.2019.04.010
https://doi.org/10.1016/j.ecolind.2019.04.010
http://dx.doi.org/10.1016/j.ecolind.2016.12.049
http://dx.doi.org/10.1016/j.ecolind.2016.12.049
http://dx.doi.org/10.1016/j.catena.2017.01.015
http://dx.doi.org/10.1016/j.catena.2017.01.015
http://dx.doi.org/10.1016/j.ecolind.2015.05.059
http://dx.doi.org/10.1002/ldr.2138
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.04.018
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.04.018
https://doi.org/10.1016/j.ecolind.2019.04.010
https://doi.org/10.1016/j.ecolind.2019.04.010
http://dx.doi.org/10.1016/j.ecolind.2016.12.049
http://dx.doi.org/10.1016/j.ecolind.2016.12.049
http://dx.doi.org/10.1016/j.catena.2017.01.015
http://dx.doi.org/10.1016/j.catena.2017.01.015
http://dx.doi.org/10.1016/j.ecolind.2015.05.059

58

Sl Ay

L SNAEPN

43 %

[16]

(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

fertility of Cunninghamia lanceolata ecological public welfare
forests in different age groups[J]. Forest Resources Management,
2019(1): 57-62.

ValGels, F e, X, S5, ARALIE A DA R AR 73 S 20 - 3
JIREIH BT 1], A IR, 2012, 21(9): 1553-1560.
Yang X J, Wang H Y, Liu L, et al. Evaluation of soil fertility
quality under different forest stands in over-logged forest region,
northeast China[J]. Ecology and Environmental Sciences, 2012,
21(9): 1553-1560.

EFEA, WM, FIUZR. 52T GIS I3 L e Vg 8 IX LI i &
PR AT AL LA 4 b B o L], 53 XCRAVAT AL, 2011,
29(3): 144-149.

Yue X J, Ge X Z, Wang X D. GIS-based research on soil quality
evaluation in the loess hilly gully region: a case study of Changwu
County [J]. Agricultural Research in the Arid Areas, 2011, 29(3):
144-149.

Qi Y B, Darilek J L, Huang B, et al. Evaluating soil quality
indices in an agricultural region of Jiangsu Province, China[J].
Geoderma, 2009, 149(3—4): 325-334.

Cheng J J, Ding C F, Li X G, et al. Soil quality evaluation for
navel orange central
China[J/OL]. Soil and Tillage Research, 2016, 155: 225-232
[2019—12—01]. https://doi.org/10.1016/j.stil1.2015.08.015.

TR, BhEE, BB, . 3 T R/ MR A AR AL AD HoR B
2 LI E VPN AR (1], K AR RERF AT, 2019, 26(4): 132-138.
Qiao Y F, Zhong X, Miao S J, et al. Evaluation indicators of soil

production systems in subtropical

quality in plough layer of aeolian sandy land in Northeast China
based on minimum date set[J]. Research of Soil and Water
Conservation, 2019, 26(4): 132—138.

BB, X B, BTN, S it I 0T i SR i et O AR A
e R 0 S5 A PR (0] B 23R, 2020, 29(9): 85-93.
Guo J B, Zhao G Q, Jia S G, et al. Comprehensive evaluetion of
effects of fertilization on grassland quality index and soil
properties in alpine steppe[J]. Acta Prataculturae Sinica, 2020,
29(9): 85-93.

ARy, WA, AT RS, %5, Bl 3 PR bk 5 S A B AL 1
[ S KL JIVFT D). AL S 3REEEAAR, 2020, 29(8): 1540—1546.
Li J, Hua L, Ren Q W, et al. Physicochemical properties
difference and fertility evaluation of soil within three types
vegetation restoration in northwest Hebei[J]. Ecology and
Environmental Sciences, 2020, 29(8): 1540—1546.

R, 30T, X4, S B Kb XA R AE 1 28 8 L 3 R 4y
FRAE 5 IE 70 PEAN D] AR A R MCOR 22 2245 (B 28R 22 /), 2020,
49(5): 678—682.

Hao B B, Ai N, Liu G Q, et al. Soil nutrient characteristics and
fertility evaluation of different vegetation types in aeolian sand
region of northern Shaanxi[J]. Journal of Fujian Agriculture and
Forestry University (Natural Science Edition), 2020, 49(5):
678—682.

TRES, BOCHE, MR, & ALFUUR IR RS HIEAE T2
Wr 5 ER e PO (1], AR MO R 2244, 2017, 37(1): 1-6.
Zhang L J, Lai G H, Sun C Z, et al. Diagnosis and comprehensive
evaluation on soil fertility of different stands in Beijing Jiulong

Mountain[J]. Journal of Central South University of Forestry &

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

(34]

[35]

Technology, 2017, 37(1): 1-6.

Imaz M J, Virto I, Bescansa P, et al. Soil quality indicator
response to tillage and residue management on semi-arid
Mediterranean cropland[J]. Soil and Tillage Research, 2010,
107(1): 17-25.

JEASH, H e, SRAVAR, 55, 285 ARAL I A N TR () A AT R
A2 BRI R R AL SRS A T A s D] ARl A, 2019,
55(11): 153-162.

HuM M, Tian L, Wu Y N, et al. Influences of thinning and mixed
transformation of Larix principis-rupprechtii plantations on the
community structure of soil macro faunal in Saihanba Areal[J].
Scientia Silvae Sinicae, 2019, 55(11): 153-162.

O, BRNI, Sk, S FE AL RA N AR
S SR AT ). A SR BRI, 2019, 34(7): 1365-1375.
Li W B, Lii Z G, Huang X R, et al. Predicting productivity and
spatial distribution of Larix principis-rupprechtii plantation[J].
Journal of Natural Resources, 2019, 34(7): 1365—1375.

T3 SCH, BB, RITR, 55, ALl X P AR AR IR 2340 BEVE 454
FFh 2 FEME D], AR 54R, 2019, 43(9): 742-752.

Fang W J, Cai Q, Zhu J L, et al. Distribution, community
structures and species diversity of larch forests in North China[J].
Chinese Journal of Plant Ecology, 2019, 43(9): 742-752.

TR HEAGTE A AN R AR AL 7 W0 34 RS2 A (K B AT [D].
B3 AuEHOk K2, 2019.

Liu X. Study on the effects of different forest type litters about
Larix principis-rupprechtii on the soil properties[D]. Beijing:
Beijing Forestry University, 2019.

RIFK, SZIEER, BIHT R, AL i AN e AR 4 38 AL 1R 0T 22
5 1I). M SR A 2R, 2018, 24(4): 735-743.

Liu X, Peng D L, Qiu X C. Differences in soil physicochemical
properties between different forest types of Larix principis-
rupprechtii[J]. Chinese Journal of Applied & Environmental
Biology, 2018, 24(4): 735-743.

TKFR, B, (A0 ZEE WU ALTE RS N AR L3 e A
HLBR R0 (1], B2 53R 244k, 2020, 26(4): 961-968.
Zhang Y C, Peng D L. Effects of thinning on the soil active
organic carbon of Larix principis-rupprechtii plantations in
Saihanba[J]. Chinese Journal of Applied & Environmental
Biology, 2020, 26(4): 961-968.

iy 4= H IR T (M. JEaE: o E R R, 2000.

Bao S D. Soil and agricultural chemistry analysis[M]. Beijing:
China Agriculture Press, 2000.

AR, eV RESR, S Ll G R LU A R AR S L 7 R AR
T A R [T, A 4R RE, 2016, 35(12): 3183-3190.

Wu R, Kang F F, Han H R, et al. Soil microbial properties in
Larix principis-rupprechtii plantations of different ages in Mt.
Taiyue, Shanxi, Chinal[J]. Chinese Journal of Ecology, 2016,
35(12): 3183-3190.

SRFATA. T3 S HAt 7T ik M), dbat: sp Rl i, 1983.
Guan S Y. Soil enzyme and its research method[M]. Beijing:
China Agricultural Press, 1983.

Li P, Zhang T, Wang X, et al. Development of biological soil
quality indicator system for subtropical China[J/OL]. Soil &
Tillage Research, 2013, 126: 112-118 [2020—12-12]. http://


http://dx.doi.org/10.1016/j.geoderma.2008.12.015
https://doi.org/10.1016/j.still.2015.08.015
http://dx.doi.org/10.1016/j.still.2010.02.003
http://dx.doi.org/10.31497/zrzyxb.20190702
http://dx.doi.org/10.17521/cjpe.2018.0244
http://dx.doi.org/10.1016/j.still.2012.07.011
http://dx.doi.org/10.1016/j.geoderma.2008.12.015
https://doi.org/10.1016/j.still.2015.08.015
http://dx.doi.org/10.1016/j.still.2010.02.003
http://dx.doi.org/10.31497/zrzyxb.20190702
http://dx.doi.org/10.17521/cjpe.2018.0244
http://dx.doi.org/10.1016/j.still.2012.07.011

ERE ] H

& FEFFEINAE LT A AL AT IR LI 70 A 59

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

dx.doi.org/10.1016/j.5ti11.2012.07.011.

Shao G D, AiJ J, Sun Q W, et al. Soil quality assessment under
different forest types in the Mount Tai, central Eastern
China[J/OL]. 2020, 115: 106439
[2020—12—12]. https://doi.org/10.1016/j.ecolind.2020.106439.

Ecological Indicators,
Askari M S, Holden N M. Indices for quantitative evaluation of
soil quality under grassland management[J/OL]. Geoderma, 2014,
230-231: 131-142 [2020—12—12]. https://doi.org/10.1016/].
geoderma.2014.04.019.

ZRUH, FEOAL, M T M. Ty R AR AN R bR T - 38 AL A 5T B
(], AEASFRBE 224, 2013, 22(4): 598—604.

Qin J, Tang X H, Yang X M. Effects of soil physical and chemical
properties on different forest types of Pinus massonianall].
Ecology and Environmental Sciences, 2013, 22(4): 598—604.
B, S, BRAES, 55 RARTHON RN U b 278
FARK L34l S R 0 S [T]. 4 4R, 2009, 40(2): 272-275.
GuHY, JinJ B, Chen X W, et al. Effects of logging disturbance
on soil chemical properties of Larix gmelini forests in the northern
slope on Greater Hinggan Mountains [J]. Chinese Journal of Soil
Science, 2009, 40(2): 272-275.

I, kB, RER S KA WA R A - LB AE [T].
KRR, 2019, 33(3): 179-184.

Cong G, Zhang Z D, Zhang J J, et al. Research on characteristics
of soil organic carbon in different forest types in Changbai
Mountain[J].
33(3): 179-184.

A PRAE, S5, AR T4, 55, 13 X MR 7 97 bk 35 o R &K
i L] ARAEMRE R 254, 2019, 47(9): 63-70.

Niu Q H, Guo Y J, Ren Z B, et al. Improvement benefits on soil

Journal of Soil and Water Consevation, 2019,

of typical shelterbelt stands in Bashang Area[J]. Journal of
Northeast Forestry University, 2019, 47(9): 63—70.

BRAZHT, BRAESS, SRR, &5, SR M VR RS N ARObk i o & i T
Ft ], RALHROIL KR 22223, 1998, 26(3): 6-11.

Chen L X, Chen X W, Shi G X, et al. Study on improving the
quality of forest land of larch plantations[J]. Journal of Northeast
Forestry University, 1998, 26(3): 6—11.

ARFD, PRI, k. T RA AR T RA AR SR AE AR 3 A )
PRIV 23 A REAE L. AR BRI R 52254, 2010, 38(11): 63—64.
Zou L, Tang Q M, Wang Y. Ecological distribution of soil
microorganism in pure and mixed forests of Pinus sylvestris var.
mongolica and Larix gmelini[J]. Journal of Northeast Forestry
University, 2010, 38(11): 63—64.

Zhang W, Xu Y D, Gao D X, et al. Ecoenzymatic stoichiometry
and nutrient dynamics along a revegetation chronosequence in the
soils of abandoned land and Robinia pseudoacacia plantation on
the Loess Plateau, China[J/OL]. Soil Biology and Biochemistry,
2019, 134: 1-14 [2020—12—01]. https://doi.org/10.1016/].s0ilbio.
2019.03.017.

Hi%, Dao Ngoc Chuong, HERRSE, &, MRS B N AR L3810
A AR S s (T, AR AR S BR824, 2016, 36(4):
416-422.

Lin D, Chuong D N, Hong S X, et al. Effects of thinning intensity

[46]

471

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

and method on soil microbial biomass and nitrogen content in the
poplar plantations [J]. Journal of Forest and Environment, 2016,
36(4): 416—422.

Lamb E G, Mengersen K L, Stewart K J, et al. Spatially explicit
structural equation modeling[J]. 2014, 95(9):
2434-2442.

Hu L, Ade L J, Wu X W, et al. Changes in soil C: N: P

Ecology,

stoichiometry and microbial structure along soil depth in two
forest soils[J]. Forests, 2019, 10(2): 113.

Sun J, Ma B B, Lu X Y. Grazing enhances soil nutrient effects:
trade-offs between aboveground and belowground biomass in
alpine grasslands of the Tibetan Plateau[J]. Land Degrad
Develop, 2018, 29(2): 337-348.

Jing X, Sanders N J, Shi Y, et al. The links between ecosystem
multifunctionality and above- and belowground biodiversity are
mediated by climate[J/OL]. Nature Communications, 2015, 6:
8159 [2020—12—12]. DOI: 10.1038/ncomms9159.

Kline R. Principals
modeling[M]. New York: Guilford Press, 1998.

LXK, G 4, SO, 55 BT I /NI R 1 R T X VAR
TIRFTE VRO (1], £3ESER, 2016, 53(5): 1326-1333.

Deng S H, Zeng L T, Guan Q, et al. Minimum dataset-based soil

and practice of structural equation

quality assessment of waterlogged paddy field in South China[J].
Acta Pedologica Sinica, 2016, 53(5): 1326—1333.

Nabiollahi K, Golmohamadi F, Taghizadeh-Mehrjardi R, et al.
Assessing the effects of slope gradient and land use change on soil
quality degradation through digital mapping of soil quality indices
and soil loss rate[J/JOL]. Geoderma, 2018, 318: 16-28 [2021—
01-28]. https://doi.org/10.1016/j.geoderma.2017.12.024.

AR, L PG R AT LB AR 98 I ) AR R P T A AL R
MW [D]. A5 AEETMallR %, 2018.

Shao S. The study on the changes of soil quality in coniferous
forest with age and silvicultural measures of Shanxi Taiyue
Mountain[D]. Beijing: Beijing Forestry University, 2018.

T T AL R AR SIS A RN B ARG P 2=
S04 [D]. fRE LR K2, 2018,

Bian L N. Difference of growth, understory vegetation and litter
in pure and mixed forests of Larix principis-rupprechti[D].
Baoding: Hebei Agricultural University, 2018.

TR B TR SR B IR T 2 i 2 BRI R (D).
Wi THALRMABHE K, 2017.

Xie B. Allelopathic effects of broad-leaf litter on coniferous litter
decomposition in coniferous and broadleaved mixed forest[D].
Yangling: Northwest A & F University, 2017.

RIS, A RO, SRR, 5. B bR ES R R AR R R
FRRONL[T]. AR 244, 2012, 32(8): 2596-2602.

Liu Z W, Du L Z, Zhang X X, et al. Effects of mix-leaf litter
decomposition of different trees in the Loess PlateaulJ]. Acta

Ecologica Sinica, 2012, 32(8): 2596—2602.

(FTHE%EE & 45
FAEBE ThEME)

i %


http://dx.doi.org/10.1016/j.still.2012.07.011
https://doi.org/10.1016/j.ecolind.2020.106439
https://doi.org/10.1016/j.geoderma.2014.04.019
https://doi.org/10.1016/j.geoderma.2014.04.019
https://doi.org/10.1016/j.soilbio.2019.03.017
https://doi.org/10.1016/j.soilbio.2019.03.017
http://dx.doi.org/10.1890/13-1997.1
http://dx.doi.org/10.3390/f10020113
http://dx.doi.org/10.1002/ldr.2822
http://dx.doi.org/10.1002/ldr.2822
http://dx.doi.org/10.1038/ncomms9159
https://doi.org/10.1016/j.geoderma.2017.12.024
http://dx.doi.org/10.5846/stxb201103110298
http://dx.doi.org/10.1016/j.still.2012.07.011
https://doi.org/10.1016/j.ecolind.2020.106439
https://doi.org/10.1016/j.geoderma.2014.04.019
https://doi.org/10.1016/j.geoderma.2014.04.019
https://doi.org/10.1016/j.soilbio.2019.03.017
https://doi.org/10.1016/j.soilbio.2019.03.017
http://dx.doi.org/10.1890/13-1997.1
http://dx.doi.org/10.3390/f10020113
http://dx.doi.org/10.1002/ldr.2822
http://dx.doi.org/10.1002/ldr.2822
http://dx.doi.org/10.1038/ncomms9159
https://doi.org/10.1016/j.geoderma.2017.12.024
http://dx.doi.org/10.5846/stxb201103110298

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 样地设置
	1.3 土壤样品采集与分析
	1.4 土壤质量指数建立
	1.4.1 筛选MDS
	1.4.2 计算指标得分和指标权重
	1.4.3 计算SQI

	1.5 数据分析

	2 结果与分析
	2.1 华北落叶松纯林和混交林中土壤肥力质量指标变化
	2.1.1 土壤理化性质变化
	2.1.2 土壤生物性质变化

	2.2 华北落叶松纯林和混交林土壤质量指数（SQI）
	2.2.1 最小数据集（MDS）指标
	2.2.2 指标得分与权重
	2.2.3 土壤质量指数


	3 讨　　论
	3.1 混交方式对土壤理化和生物性质的影响
	3.2 华北落叶松纯林和混交林土壤质量指数（SQI）

	4 结　　论

