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Abstract: A forest-ginseng agroforestry system produces significant economic benefits. However, the successful growth of
ginseng requires particular environmental conditions, with soil quality being one of the most important factors restricting the
growth of this plant. Therefore, understanding the optimal soil conditions for ginseng is essential to the healthy development
of the ginseng industry. Currently, broad-leaved mixed forest ( BM ), conifer and broad-leaved mixed forest (CB), and
Quercus mongolica forest (QM) are widely distributed forest-ginseng agroforestry stand types. In this study, we selected
nine samples from three stand types in eastern Liaoning Province, China, that had similar stand characteristics but different
ginseng cultivation years. Twenty-five soil quality factors were measured, including physical, chemical, and biological

indicators. We then established the minimum data set ( MDS) of forest-ginseng agroforestry soil assessment using analysis of
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variance, principal component analysis, correlation analysis, and expert experience method, and we used the fuzzy
mathematics method to quantitatively evaluate soil quality. The results showed that (1) the optimal MDS to assess soil
quality in the forest-ginseng agroforestry of this region is composed of eight indices: bulk density, pH, organic matter,
available K, total Zn, microbial biomass N, acid phosphatase, and bacteria. (2) Soil quality value decreased in the
following order: non-cultivated ginseng control sample in CB (0.764) > non-cultivated ginseng control sample in QM
(0.745) > 14-year-old ginseng sample in CB (0.614) > 20-year-old ginseng sample in QM (0.385) > 12-year-old ginseng
sample in BM (0.361) > non-cultivated ginseng control sample in BM (0.354) > 6-year-old ginseng sample in BM
(0.323) > 9-year-old ginseng sample in BM (0.308) > 3-year-old ginseng sample in BM (0.230). These results suggest
that forest stand type and ginseng cultivation years had different influences on soil quality. In future efforts to develop forest-
ginseng agroforestry in this region, full consideration must be given to soil quality based on the soil quality MDS, and
appropriate management measures need to be implemented. This study provides insights for ginseng cultivation and the

sustainable development of the ginseng industry.

Key Words:; forest-ginseng agroforestry; soil quality assessment; minimum data set; fuzzy mathematics method; eastern
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1.2 MEHLERE

2015 4F 8—9 A, 7F #5{~ B % & i@ M- 1R 38 #K ( Broad-leaved mixed forest, BM) | %1 [ /& 3¢ #K ( Coniferous-
broadleaved mixed forest, CB) F15% ARk ( Quercus mongolica forest, QM) 3 FiJ {2 434 UM S & & 48 428
RUHEATREHL I A IC 5% TR [RIAR O 2R B A ST R EAE AL (3R 1) I XTRET S N TRARDE S Mte B, LA S
AP FP AT TR AIC S, WF9E DKORFE SO E AN 1 AR,

R A i B

/i

SEHBRAIAK
IR )
1 MRRRESCER
Fig.1 Location of study site in Huanren, eastern of Liaoning Province
R 1 REHRS LB GRAERE R
Table 1 Stand characteristics of the different stand type plots
, b ZiA Wz . o3 . .. .
Moy Slo{\e Werm Slove %13 Densits/ M PR IS FA] £
Stand types p;)sitri)oln Aspect ora dien?/l ) Elevation/m (k %/L;:z ) DBH/cm Height/ecm  Canopy density
5 [ 9 2
IS T4k ER 24 442 765 17.37 18.64 0.75
Broad-leaved mixed forest
RN
Conifer and broad-leaved g K 20 534 585 20.82 19.85 0.70
mixed forest
ST iRal
e o iR EZ% 20 529 495 24.26 22.55 0.70

Quercus mongolica forest

R VRS RIS TE 24 a 2247, BEVE 9 % AL S Fh 0 35 B M ( Tilia mandschurica )  H Bk ( Juglans
mandshurica) 3L ZREk ( Quercus wutaishansea) . JGFEML(Acer truncatum) %5 | E AL E W) Fh AL 5B L T ( Lespedeza
bicolor) % ¥ 2351 ( Discorea nipponica) \ D ( Euonymus alatus) 55 ; AR EY) FI 145 N2 (Panax ginseng) 74§
H( Rubia cordifolia ) . W¢ & ( Potentilla kleiniana ) . Wi %Y 5. ( AmpHicarpaea trisperma ) . 77 2% 2% ( Cichorium
endivia) 55 .

FERETR SSARARISTE 33 a 2o 45, BETE NI AROL S W) R A2 45 4 1 9% MR (Larix olgensis) (1L R Bk 5k R
(Quercus mongolica ) | #% Bk Mk, MM 55, v &1 [ LL B 78 6. 4 22 455 E K P 3 4 Fib E’,i‘ﬁ E & ( Corylus
mandshurica) B T4 AR A D Fi 4035 N2 | H I ZE ( Chelidonium majus) ¢ . 22 14 8 35 Bk (Athyrium
multidentatum) 7527 305 .

SETERAMRIRTE 40 a 220, BEVE NI R Fh £ 2802 52 I Bk, TR T8 A, U HE ( Betula platypHylla) | F1 35
( Fraxinus chinensis) ; #E AR RSP AL BRI 7 D9, EAMNEDFEIE NS B AR (Atractylodes
Lancea) Fi3 (Adenocaulon himalaicum) ZEBz =% ( Potentilla chinensis) %5 ,
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X HR A O RpAY . LR T 2015 4F 9 AWIREE  RAELFRUT + 43 BITEA [RIBR 53 AN [F] S 084 1 v (1] B
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9 T (A AR W A T SRR B 1, 4- T A B 1,4-N- SR A B O H B R VEBEIR I | 20
WA IR .

Horpr ) 378 FORUR LB SR FHER 3R 5 3 Bk i R KK B FRK R VA I 2 s pH
{ECR LA I A2, 4= e HL ST R FH 3 4% R 0 25 i - A 22 5 4 N R 48 [ Elementar 23 7] vario
MACRO cube TCZE/HH HH0 & ; AL P K R 2% 9 (NH, ), CO, 2351, i 22 [ PerkinElmer 23 7
ICP-OES M ;4 P 4= K, LA Mn Fe Zn . Cu SRR MR- S MR- S R T4 & J5 , W 35 B PerkinElmer A ]
ICP-OES MM . +IMER AL TG, i FHZ D RERFRIX ( SynergyH4 , BioTek ) ME" ik 4y ik
SRS 52 HE-TOC ARSI 2 35 s S E W R FH AU 26 -RAR -2 =W b ek sz Y ek o
FABERS G D7 2 4> B v Horp 407 L i15.0,al15:0.i16:0,i17:0,al7:0,16: lo7c. 16: lo9¢ ., 17: loTc.
18:1w7c cyl7:0 1 cy19.0 5 11 FARIIFR /R, HIF LA 18:2w6c 18 :306¢ 18 1w9c F1 16 : loSc i, L H
Ll 10mel6:0 . 10mel7:0 F1 10mel8 ;0 52>
1.4.2  BAEadr ik

(1) Fe/ NERSE i

EEXT YR X A ST 12 PR TEAS AR 28R ARS8 BE 8% 3 Rl LA /3 2870 A SHEHE N BT
5, BTEA T HAE YRS B A 408 R e /NS . T, 1 B T ORI A A
- TR A I, 4% - 1 R A 5 M R /INE 3 XA R AR G SR T 1 P 1) 2 A% 1 25 43T E , FH
TR AT e R E(R® ) HIR R R AR SR 3 N T I@ M AR i RN 2 1545 3R T T A
TEME =1 B9 F L5 (PC) bR , 6 MO ZE e i IR — PC L #far =0.5 19 HIEHE bR/ 1 41, A 58 1
I [RIEFAE A PC 28 = 1 0.5, % R 7 107 051 9 3] 5 At PR 7 A0 S B AR IR — 401 5 [R) s, 76 3103 4%
TR T R AT S R D R T R TR A e LR 2T Norm (B, 1T AN 7E B A
F A AR 12 Norm (R AR 2 B LA B AR 1 M i 5 B A R i A U R (8 1), 3 %t
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(2) BRI TR AR
TEROZE G VT S8 P AR PPAN 8 Br BT T8 O SR B8 R B0k, — e o3 TR A B ek (X 2 .3)
0.1 (X=X,)
F(X)=409 x (X =-X,.)/(X,. —X..) +0.1 (X, <X <X, (2)
1 (X=X,,,)
0.1 (X=X,)
F(X)=409%x (X,,, —X)/( X, ~X,u) +0.1 (X, <X <X,.) (3)
1 (X=sXx,)
R e /NS R rh AN [] B PR 0 T A2 1 Mo 1) T 67 S50 e 4 A o SR T R R B, 0 SR T R AL
% S A A T A R M Il 2 19 e/ MEL AR ORAE 0 et X, T X, o

LB LRSI R BT R AT (X 4)

SQI = Z W, x F(X.) (4)

K, W b HHERTFRGE, F(X,) ﬁi&él%ﬂ%}%ﬁ M HEH A, Hoh, R AR DU T S
PR T 22 IR0 A 56 2R B0 -3 5 B A 3D RAN IR TR 56 R BOF- B ELRRTY HE e R
1.4.3 Hdmabag

K F SPSS 17.0 Excel il Origin 8.5 #EAT 4 IEALBRANGIE , RH 250 2204, 38 F 1LSD 5 0 AR Rl b 43
A A 3 PR (0] 25 S R A T 0040 5 SR FH 38 8000 43 Tt o = 18 PR P e 18 B 4 5 SR Pearson #H 5€ R B BT
T AR 39 DR 18] A AR G 5 SR B R 2 LA oA, 38 FH Turkey 736 %t dae /BRI 4 16 AN [l A 43 26
TURE i P Y 22 SRR A T AT

2 EREH

2.1 A[EIBRG SRS P BG5BT

i 3 22075 22 3 v T R SSAR BT R IR SRR S Tt BRAEAK 3 Bl ARy B R B 2 13 Y 25 T 4 4 [H
FHATHT R NER 2 PR . Pl DUR S BR 4> Fe 4> Zn DIAE, How 3R F AR IR 2B N BA
W 22 5, Ul AR R ST + R B A DL 2 R, P, ZE R AR 2 R PF A MDS (3 fe v i
% RSP TUNS IR T A AR

R2 AARSEBTERFERBEZESHT
Table 2 Significance of difference in soil properties among the different stand types

MAT2AY Stand type

+-HEHF Soil factors P
BM CB oM

BD/(g/em®) 1.30+0.02 0.88+0.09 0.98+0.10 0.001
MMC/ % 41.53£3.36 68.30£6.40 56.41£5.71 0.003
CMC/ % 32.20+2.24 54.71£5.22 44.77£2.90 0.001
BP/% 48.47+3.37 62.15£2.65 55.83+2.41 0.004
SMC/% 0.14+0.02 0.28+0.03 0.22+0.02 0.001
pH 6.49+0.30 5.98+0.16 5.50+0.14 0.004
OM/ (g/kg) 66.85+9.17 131.42+9.09 113.42+4.20 0.000
TN/ (g/kg) 3.4420.77 7.26+1.07 5.52+0.41 0.003
TP/ (mg/kg) 564.77+64.74 1064.60+187.09 742.77+36.64 0.005
AvP/ (mg/kg) 19.34+1.14 41.76%2.68 42.60+3.31 0.000
AK/ (g/kg) 20.60+1.18 13.19£0.47 15.72+0.73 0.000
AVK/ (mg/kg) 250.87+41.62 110.77+9.39 231.25+33.30 0.003
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1 F Soil factors Moy ZER Stand type »
BM CB oM

T Mo/ (mg/kg) 875.75+126.35 1071.37£174.57 1341.7980.55 0.014
T Fe/(g/kg) 24.78+1.35 33.7746.23 26.940.54 0.056
T Zn/(mg/kg) 71.27:8.37 79.77:4.45 71.23+4.05 0.210
T Cu/(mg/kg) 7.23+0.96 14.74+2.71 11.28+0.61 0.005
MBC/ (mg/kg) 132.4610.99 972.30£66.38 438.20+62.38 0.000
MBN/( mg/kg) 63.90+21.08 219.55+8.67 156.20+18.02 0.000
POD /(umol g™ h™") 1.030.02 1.570.21 3.110.03 0.000
BG /(nmol g~ h™") 413.06+32.37 1294.11+147.51 728.7952.90 0.000
NAG /(nmol g h™") 123.51+25.18 422.21£95.99 432.37+94.26 0.005
AP /(nmol g™' h™") 529.09+109.42 1603.87180.29 1858.89:199.32 0.000
B/ (nmol/g) 25.27+4.13 60.05:13.16 98.06+7.67 0.000
F/(nmol/g) 5.33£0.93 11.78+2.31 19.14x1.14 0.000
A/(nmol/g) 6.06:0.87 14.28+1.73 22.28+1.87 0.000

BM ; i M- ¥ 34k Broad-leaved mixed forest; CB: %t M IE 37k Coniferous-broadleaved mixed forest; QM ; 5% R4k Quercus mongolica forest; BD;
ZSTE Bluk density; MMC : Sie K¥F/K & Maximum moisture capacity ; CMC: B HF/K L Capillary moisture capacity ; BP : & LB Bulk porosity; SMC: +
3855 7K Soil moisture content; OM ; H HLJF Organic matter; TN ; 2% Total N; TP ; 4 Total P; AvP . AU Available P;TK ; 2241 Total K; AvK ; 35k
A Available K;T Mn:42%# Total Mn; T Fe: 424k Total Fe;T Zn: 4%F Total Zn;T Cu: 44 Total Cu; MBC : {2 #1515 Microbial biomass carbon; MBN ;
5 & Microbial biomass nitrogen ; POD ; it /LW Peroxidase; BG: B-1,4-FZHET1 M B-1,4-glucosidase ; NAG: B-1,4-N-Z Tk i & W11 il
B-1,4-N-acetylglucosaminidase ; AP : FRTE IR acid phosphatase; B: 415 Bacteria; F: EL Fungi; A JUEZREA Actinomycetes T [f], P<0.05 /R A
MO 25 57 3 P<0.01 FoRASRIM A3 1] 26 54 B 25

2.2 WS RPN P e NV A A A
221 EIEFEIE T E ST

K FE LT3Rt 25 WHEAR#EAT B 200 RAEE R T 1 B E U (PC) A 4 A, Z3TTTkF ik 3 88.
T41% (2 3) , I 4 4> PC AR Bof LU AR 2 H 3 22 S0 B U N R, RS BIEETrEEA
PC A BT B 480 K/ T4 BRI 7 i i A 7404, 56 1 PC J7 25 DTk 3 IA 5 65.78% , 16 M0+ 1 A 14
B, KRB T e P A 2E A ARSRAE 55 2 PC il 6 T 3R P A AR, 5 B R e T b SR A AR AR R AL 2
fiE ;265 3 PC 4 Zn T EEN A AR, 32 S il 13 Ab 22 AE 565 4 PC Y pH RIERL K 2 T IR P Ak, 2
S - SR 2E A

£3 EHRAERBEHEERERFEIUTEER

Table 3 Matrix of principal component rotation loadings and scoring of soil factors

Y e A
3T 434 Matrix of principal component rotation loadings Norm {H JE3% R2 /%
Soil factors Grouping TR 1 TRy 2 TR 3 Fsr 4 Norm value  Adjusted R? iﬁjﬂ
PC1 PC2 PC3 PC 4

BD 1 -0.834 -0.453 0.080 0.162 3.792 0.85 4.642
MMC 1 0.886 0.349 -0.052 -0.104 3.739 0.819 4.558
CMC 1 0.880 0.339 -0.032 -0.142 3.722 0.872 4.594
BP 1 0.840 0.329 -0.064 -0.110 3.538 0.785 4.323
SMC 1 0.795 0.342 -0.099 -0.206 3.429 0.883 4.312
oM 1 0.756 0.466 0.389 0.068 3.801 0.93 4.731
TN 1 0.824 0.359 0.364 0.093 3.775 0.803 4.578
TP 1 0.753 0.276 0.511 -0.058 3.506 0.768 4.274
AvP 1 0.610 0.596 0.143 -0.201 3.503 0.952 4.455
TK 1 -0.831 -0.384 0.049 0.241 3.680 0.936 4.616
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T 3T e e A
+ g il Matrix of principal component rotation loadings Norm {8 JE#% R? /E/]%
Soil factors Grouwping  FR4M1  FMAF2  EMS3 EMSr4 Nomvalue  Adjusted R? ﬁéfm*ﬂ
PC 1 PC 2 PC 3 PC 4
T Fe 1 0.772 0.125 0.080 -0.140 2.976 0.49 3.466
T Cu 1 0.770 0.312 0.459 0.144 3.567 0.775 4.342
MBC 1 0.894 0.201 0.262 -0.100 3.653 0.98 4.633
MBN 1 0.822 0.365 0.164 0.051 3.646 0.941 4.587
BG 1 0.872 0.272 0.310 0.086 3.718 0.945 4.663
NAG 1 0.693 0.552 -0.031 0.182 3.481 0.775 4.256
T Mn 2 0.405 0.697 0.175 0.497 3.029 0.675 3.704
POD 2 0.216 0.891 -0.063 -0.086 2.831 0.983 3.814
AP 2 0.671 0.689 -0.086 -0.021 3.734 0.929 4.663
B 2 0.433 0.855 0.129 -0.140 3.511 0.921 4.432
F 2 0.435 0.870 0.027 -0.101 3.487 0.934 4.421
A 2 0.404 0.773 0.412 0.063 3.377 0.953 4.330
T Zn 3 0.009 -0.026 0.932 0.142 1.416 0.208 1.624
pH 4 0.001 -0.462 0.144 0.816 1.726 0.795 2.521
AVK 4 -0.414 0.190 0.062 0.818 1.742 0.807 2.549
FHHF(E Eigenvalue 16.445 2.509 2.141 1.090
Hk

Ziz jﬂi plained /% 65.780 10.037 8.565 4.359
ES I &
Cumulative variance 65.780 75.817 84.382 88.741

explained /%

FEDCIERN b 3 R AT T 4% LI R T A9 Norm (B FT V%% R*, DLW 3 4R AR (B 2 R, e 45 2H #c
ERARAME UL M Bl 5% N ) IR 15 SR MDS, 4% %R MDS G A E R KRRk E  BEE
K AL 4N A K MEYE C AP N BG AP A1 . Zn pH AL K 4t 14 351+ HE A 7 A LUK
A S WA 25 TR 7 4 AR S
2.2.2  LIERE I R N SR i

XF 14 gk +3E R T — 2 OG- M B, R [R) - 5 PR () A7 7 (38 I A G . AR B - 4 i B P I
FAE ST M RN AR L R I Bk 14 T - P4k . 55— 4136 8 W -4, & B TR i
FAHE, E LIRS bR O T, AT R R R BAERK R, B T DS A R S e - SR (R 54 BB
IR, LA AR K BE 1 B AR, R , e A Bk A MDS s 76 T34k 2445 bR 07 1, A% T4 N 4 K, —J5 A HLT
5 A AR OCHERSAIR , o3 — 7 T, A LB T 3K o Gl AR BT SR A RO DL A P s R A
I 52 AT DA 2R b ke B DR, IR L, e B HLBTE A MDS; [RIE, % R fU/EY i C 52 3®A
MDS A9A HLIT AT B 3 A0 G, OB A P i N 40 A MDS; 28 41 A0 45 3 100+ 3 R 7, oo R M s R
(AP) REAZ 0 356 HL T 0 I B, 48 = w1 A A8 i, — M Sl PO S A G T B — A 4 B
(BG) PRI AR o i, AR T AU R4k, — M S5 AL 35 E ARG, 38 i B A OC, BRI, 8% AP R
fiE - TE M & 58— BG, TERUEY T, AN AR o (i e s, FLAE AR o A A v B AR
[l 5 B R B R S DR B e A MDS 5 58 = 24045 2 T+ 3 K 7, pH B A\ SRl 4
REL Ay 388 o S 0 R Ak B 35, I S i) 38 AR W T | BRI R 00 A R0 X T NS R A K B FE 0, 0
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BT HERE
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NS+,

W MBN 1 55 , BM %t FEEEHE A 63.90 mg/kg, M) 3—12 4E A S HHER B« W7 B3 6 45 A2 1
MBN &y, WE S T HE M ;3 £ AS 15 MBN &K, B3R T 6 £/ 12 4EAS LIS 7, CB fI
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98.06 nmol/g, % /= T 20 4F A S T,

2.32 A[FFEHLAZ 3 5 T AN

AT XFFFEIX 9 FAEHL MDS Hh 4P T HEA TN | 45 A N S I - 398 0938 B o A% R i SR
JREEREL, Horh, A R TR SRR B R AL, pH A HLT 3 AL K \MBN (AP 4HTH 4> Zn J& TFHBUSR & B
PRAL, WAL, FERTIA DT TR R AR, IREs A R 5 X (2)—(4) , &5 BRI ST IXAS [R)AF: Hh 35
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N ZBIAS [ B R T 1 RA TR S AR H T i fie ey, R 0.764 5 52 BREEMRBR AR, R 0.745 ; —F B 5k
o T RE R AR LT R 0.354, WARIASERR R | R HT T8 (I F A i, Horr 3 4F A
S+ I WA, R 0.35456 4F 9 4F AN 12 4E NS BB A B LT, R R B SE AR s i A 34, 5% iR
FEHLIEICEH ARk, S RIRASH T 14 4EAS LT &R 0.614, AHXT T X AL HLREAR T 19.63% . S #R4l
MR 20 42 NS TR 0.385 , AT X BRI RRAIR T 48.32% , 4L B I

3 e

AWTEMZ 0T 22000 W AT R SG e M S e 7 i i 1A R R R SR ELAI A S R 4F fR
Xf e TR SE M RERE | AR — 5 RIARMEREAT 4 € T B PR T 2 LI BURIE Y MDS, R ] K
SR M sE e MDS i R rh ARSI AS 25 I8 LD AR 5 o BT, TR 2R 8 5 T RN 71

http ; //www.ecologica.cn



8 XU 2 ALRINX MRS E G208 LRI 9

14 = BM 0, X
a a2 2%, —e—CB a b
—A—QM 6.5 - a
b a
12k 60 \b &
Z b
\0 a
a jus) |
3 a a Z s K;
i
& 10} 50 - e
a
1 ni
0.8 I I L1 [ 4.0 I I N - [
CK 3a 6a 9al2a CK 14a CK 20a CK 3a 6a 9al2a CK 14a CK 20a
300 - 2
140 |- 2 a
250 |-
120 |- a —~ ab
3 { £ 200 O
g 100 |- g b
I <
M -
E 80 |- Z 150
@ = a
= 100 |- b b
g 60 |- b g
40 - 50
20 1 1 1 1 1 1 Il 1 1 0 l l l | | l l | |
CK 3a 6a 9al2a CK 14a CK 20a CK 3a 6a 9al2a CK 14a CK 20a
90 - 250
a a
b ab a
| al o |
80 ab . . g 200 ) i
£
~ ~
g M b z 150 .
on
g 60f g 100 - pe be
e
50 P 9 3
1
40 I I I | | 1 I | 1 0 I I I | | | | | 1
CK 3a 6a 9al2a CK 14a CK 20a CK 3a 6a 9al2a CK 14a CK 20a
2100 a 120
o a a
= 1800 |- 100 |-
Ioln —_ a
S 1500 - = %0
g b b g B a
= 1200 - £
» 3 60| b
g
g 900 |- § a
& a a a ® 40 ab i
=600 [ a = ab b
® a = b
300 - 20 |-
0 | | | | | | | | | 0 1 1 1 | | I 1 | |
CK 3a 6a 9al2a CK 14a CK 20a CK 3a 6a 9al12a CK 14a CK 20a

2 3IMHAAREERASTERNMNUBENERERTESN
Fig.2 One-way ANOVA of MDS among three kinds of forest types with different ginseng cultivation years
BM ; & {8 Ak Broad-leaved mixed forest ; CB: %1 FEYE Sk Coniferous-broadleaved mixed forest; QM : 52 B 4li4k Quercus mongolica forest ; A~ [l
INEFRFOR MR T AR A SRR 22 5 8.3 (P<0.05)
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B ASA KRG BER, vTRE S E MBI AS AR NI FBAS A RA K B, AR
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