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Abstract; [ Objective | To explore the soil quality under the four forest types ( Larix kaempferi, Quercus mongolica
+ Larix kaempferi, Pinus densiflora, and Cunninghamia lanceolata) in Kunyushan National Nature Reserve.
[ Method ] Using the method of soil sampling combined with laboratory analysis, the physical and chemical proper-
ties and enzyme activities in different soil profiles under these forests were analyzed. The comprehensive analysis
and evaluation of soil quality under different forest types were conducted by integrated soil quality index and princi-
pal component analysis. [ Result] The soil density of different forests increased with the increase of soil depth, and
the total porosity decreased significantly (P <0.05). The capillary porosity of L. kaempferi and P. densiflora were
significantly reduced with the increase of soil depth, while the . mongolica + L. kaempferi and C. lanceolata were

the opposite. The soil pH ranged from 4. 13 to 5.07. The contents of soil organic matter, total nitrogen, total phos-
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phorus, available nitrogen, and available potassium generally decreased with the increasing of soil depth, reflecting
the surface aggregation characteristic of soil nutrient. On the whole, the soil total potassium content had no signifi-
cant differences in different soil layers under four forest types (P <0.05) , the soil total potassium content in 20 —
40 cm and 40 ~ 60 cm layers of L. kaempferi were significantly higher than that of other forests. In addition to C.
lanceolata , the soil available phosphorus content increased as soil depth increased. Except for soil invertase, the ac-
tivity of other three soil enzyme decreased with the increase of soil depth. The soil quality index of these forests
showed an order of L. kaempferi(0.792) > (. mongolica + L. kaempferi (0.639) > C. lanceolata (0.353) > P.
densiflora (0.267). [ Conclusion] Forest type has a significant impact on the physical and chemical properties at

different levels of the soil layers. The soil quality status of different forest types is different, among them, the soil

quality of L. kaempferi forest is the best, and the soil quality of P. densiflora forest is the worst.

Keywords: Kunyushan Mountains; forest soil; soil profile; forest type; soil quality
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Table 1 Basic information of experimental plots
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Position Altitude  Slope Aspect . . Average . . .
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coordinates /m /° /° . DBH/cm -
cover/% /% /m /(Kf « hm™*) types depth/cm
H b A:0~35
37°14'51.3" N il e M ’
1 121°46'12. 8" F 904 30 North west 30 98 8.10 16.34 975 Dark brawn B: 35 ~53
' orth wes earths  BC: 53 ~ 100
e A:;0~25
I 37°14'56.3 N 828 30 At 45 95 5.99 16.36 725 Ij?j% B: 25 ~40
121°45'35.9" E North ' ' o '
earths C: >40
73 A:0~15
37°14'18.0" N
I 121°45'18. 6" E 606 30 Wﬁt 60 80 7.23 12.28 1 050 Brawn B: 15~38
' “ caths ~ BC: 38 ~55
e A.:0~15
37°14'28.4" N it Pt
v 121°45'9. 9" 454 45 West 40 95 12.34 13.34 1225 Brawn B: 15~43
' - earths C: 43 ~65

T e HARTEMAAMR I1SE5 AR - HATE ARSI I ARA IV A2 AR

Note: I : Larix kaempferi; 1l : Quercus mongolica + Larix kaempferi; Wl : Pinus densiflora; IV : Cunninghamia lanceolata.
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Table 2 Physical properties of different soil layers in all stands

)= T HEEE TELBE

K

FEBEALBE

*]M} Soil layer Soil density Capillary Non-capillary E‘%L%:E Maximum moisture
Stands 5 . . Total porosity/ % . .
/cm /(g em™) porosity/ % porosity/ % capacity/(g - kg™")
1 0~20 0.71 £0.03b 48.58 £0.81a 24.54 £0.39b 73.12 +0.08a 885.64 +£5.41a
20 ~40 0.82+0.01a 40.67 +0.95b 28.53 +2.08a 69.20 +0.03b 795.86 +1.88b
I 0~20 0.81 +£0.00b 48.01 +0.67b 21.58 £1.10a 69.59 +0.04a 795.44 +3.56a
20 ~ 40 0.84 £0.01a 52.47 +1.80a 15.86 +1.28b 68.33 +0.02b 793.09 +£3.15a
11| 0~20 1.10 £0.00a 43.10+1.01a 15.28 +0.33b 58.38 +0.01a 447.88 +7.76b
20 ~40 1.12 +0.02a 39.46 +1.62b 18.30 +0.81a 57.76 +0.03b 504.35 +9.65a
v 0~20 0.99 +0.01b 46.32 +1.96b 16.48 +2.02a 62.80 +0.04a 561.23 +7.77a
20 ~ 40 1.02 £0.02a 49.02 +1.00a 12.57 £0.53b 61.59 +0.02b 545.58 +5.08b

T : S NG PR R A — Mo A ) 22 R 22 5 B35 (P <0.05) , Kl

Note ; Lowercase letters in the same column indicate significant difference at 0.05 level.

2.2 AEMSEEHEERRULFER
AFEMS T AR W 30 FE 3 AT LA

A4 RS R I 45 )2 pH (H T 4,13 ~
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DRIERE /)y, HA& 335 PR & 575 0 ~ 20 em
20 ~ 40 cm 40 ~ 60 cm + JZ H 5 i B A 1
N HATEMFAR, AP A2 A ﬁﬂiﬁ@ﬁkﬂl R
IR E M 122.79 ¢ - kg™' . 4.93 g - kg™,
273.86 mg - kg ™' [133.28 mg - kg ', HAH YT 4
R mIEA A RIRIM B2 57 IR AN, H
R 3 FAR TR A B 2 TR R 22 S
(P<0.05), 585k — H AR ¥ AR TR SS PRI A2 R AR
& L EREH S T BE . HARTEH TR A
TR PR B b TR R T e, 528 S
FH(P<0.05), M50 #k - H AT MM R SR AR

- HARVE MR L2 & 7 7E 0 ~ 20 em 5 20 ~
40 em +JZ 25 W, SRAAAR LI B B AR 20 ~
40 cm 540 ~60 cm T 225 BE . AR FIAZ AR
T Al )2 BN RN SR A AR A
TEANA] 42 28 5 8.2  AZARARAE 20 ~ 40 em 40 ~
60 cm + AR 2SS 0 HAR 2 Fiobkgr T e
Wl I 0 23 1 Iy G, 2% R ) T i 2
St BRIZAMRIN AR 3 Tk oA 850wl & it 4 B+
JEGRBERS NG R, H A M Fa bk 25 )2 6] A A%
TEHEREE GO - HATE AR SR AR AL
M40 ~ 60 cm ﬁaﬁ@?ﬁgi@ﬁ%%}ﬂ:o ~20 c¢m 20

PR e A0 2 BB 2 RS N R, 58k ~40em 12JZ (P <0.05),
*3 AEMRSTEREERUFER
Table 3 Chemical properties of different soil layers in all stands
WA i : X
Mo iFK ﬁmﬁﬁ: ﬁ/EL Ai?iﬁe 'I%)fi Al\;):iiql]e itﬁﬁ Aé;ifi
Soil layer pH Organic matte  Total nitrogen . . .
Stands om /(g kg_l ) /(g kg_l ) nitrogen potassium potassium phosphorus phosphorus

/(mg-kg™')  /(g-kg™') /(mg-kg™')  /(g-kg™') /(mg-kg™')
1 0~20 4.13+0.0lc 122.79 +0.85a 4.93+0.03a 273.86+0.79a 2.17+0.07b 133.28 +2.45a 0.74 +£0.00a 4.08 +0.59¢
20 ~40 4.31+0.02b 109.26 +0.64b 4.46 +0.03b 243.87 +1.18b 2.22 £0.07ab 118.78 £6.72a 0.76 +0.0la  4.95 +0.32b
40 ~60 4.50+0.0la 61.60+0.26c 2.76 £0.02¢ 131.39 £3.02¢  2.34 +0.06a 67.76 £0.68b  0.79 £0.03a  8.40 +0.05a
I 0~20 4.25+0.04c 120.60 £2.80a 4.89 £0.13a 240.71 £5.77a 2.19+0.19a 100.31 +1.64a 0.79 +0.19a 1.20 =0. 16b
20 ~40 4.36+0.03b 104.83 +1.07b 4.44 +0.16b 131.27 +8.05b 1.89+0.04b  67.16 £0.41b 0.79 £0.00a 1.25 +0.21b
40 ~60 4.45+0.03a 60.57 £1.30c 2.60 £0.05¢ 42.22 +1.65¢ 1.85+0.02b  44.66 £0.23¢  0.81 £0.05a 2.57 £0.98a
I 0~20 4.80+0.01b 59.28+2.70a 1.94+0.08a 40.78 £6.12a 2.10+0.07a 80.26 £6.83a 0.23+0.00a 2.60 =0.16b
20 ~40 5.03+0.04a 50.15+2.47b 1.60+0.04b  30.19 £0.99b 2.07 +0.04a  63.86 £0.26a 0.21 £0.0lb  2.81 +0.42b
40 ~60 5.07+0.03a 37.79+1.8lc 1.33+0.10c 21.31+0.79¢ 1.87+0.07b  59.86 +3.74a 0.19 £0.00c 4.0l £0.00a
IV 0~20 4.65+0.08b 86.37 £8.12a 2.89+0.07a 60.57 £8.88a 2.06 £0.04a 53.72 £4.03a  0.37 £0.0la 12.87 +2.47a
20 ~40 4.85+0.0la 71.00+1.65b 2.79+£0.02b 55.25+4.74a 2.08 £0.02a  46.53 +3.51b 0.35+0.02a 8.37 +1.43b
40 ~60 4.95+0.00a 37.45+0.75¢ 1.38+0.04c 18.68 +0.37b 2.13+0.04a  35.60+0.92¢ 0.23 +0.01b 8.83 +0.19b

2.3 AE#MSTEINEERR RS
AFMG T HIEREEE R 40 R4 AT LUR

H BRSO A AL, H A 3 B - AR P AE AN R AR

3 T A B S R B T 1 m 2 R AT e, HE P SR AR
- HATEMAME SR 0 ~ 20 em 4 IR S P i =
F3553.51ug - g™ - d AZARMR40 ~ 60 em +- IR

F4 TREMRSLEREREBEGE

Table 4 Enzyme activities of different soil layers in all stands

HEHE SR i EHAL A
W . Lz U}iiiii/ Inifi?f / Phﬁ)@}ifie/ L(i:ji::/g ’
Stands Soil layer/cm o o o 0 . o o o
(pg-g” -d7) (mg-g™ -d™) (pmol - g = d™") (mg -h™h)

I 0~20 448.28 +2.13a 49.50 +2.50a 19.58 £0.07a 3.45 +0.03a
20 ~ 40 346.51 £5.19a 40.25 +2.00b 18.90 £0. 18a 3.00 +£0.03b

I 40 ~ 60 300.50 +4.97b 9.35+0.50¢ 13.44 £0.62b 1.32 £0.0lc
0~20 553.51 +9.83a 46.80 +5.20a 18.41 +0.22a 3.12+0.10a

20 ~ 40 338.10 £2.62b 31.95 £5.65b 18.40 +£0.22a 2.19 £0.05b

40 ~ 60 280.83 +6.39b 1.60 +£0.00c 15.15+1.78b 0.45 +£0.03¢

I 0~20 272.83 +7.39a 10.25 +1.00c 18.93 £0.43a 2.85+0.09a
20 ~40 192.42 +3.71b 15.90 +0.50b 19.21 £0.99a 2.76 £0.04a

40 ~ 60 149.69 +1.93¢ 19.50 +£0.50a 13.04 £0.13b 1.80 +£0.03b

v 0~20 229.38 +6.26a 20.13 +1.12a 10.73 £0.17a 0.64 £0.06a
20 ~40 167.25 £2.10b 10.00 +0.00b 9.07 £0.22b 0.50 £0.05b

40 ~ 60 117.66 +1.81c 3.63 £0.43¢ 5.08 £1.31c 0.20 +£0.01c¢
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BRIE R IAR , S 117,66 ug - g™« d ™' B H A& 1T
ABRER , A AT 0 ~ 20em Fl1 20 ~ 40em + )2 (0] £
SRIRBEE M 25 Sk 3 (P < 0.05) 5 H A I i A A
0 ~20 cm - 58 FE0E B 15 P 5 s, A 49. 50 mg -
g7 d T R - HARTE M RATR A 40 ~ 60 em
TREREBETS PR AIG, Ry 1.60 mg - g™ - d7', HAE T
AR SEBR — H A 3% i A TR SS BRFNAZ AR MOAS 7] £
J2 (8] e AR It 9 R B )2 R TR 2 N (P <
0.05) , RN S Z 5 H A TS AR O ~ 20 em -
A R B RS PSR B, 0 19,59 pmol - g7 - d T2
APRBA R I 1 J5c 1K, 4 5. 08 pumol - g7 - A7 2
ARARAN [] - )23 [R] 1 R il 15 P 2 5 2% (P < 0.05) 5
HASTE RS K O ~ 20 em - 338 35 480 b S0l 05 M I
R 3.45mg g7t - hT AR 40 ~ 60 em 314,
PTG M A%, 70.20 mg - g7 - b BRARFA AR
Hh, Fofth 3 Bhobsr & 1 )2 )i S 1k SR 1 2 A A
2R (P <0.05),
2.4 AEHSLERESZEITM

K ERLST 3 HrREAS R AR 53 17 Fofp 4 458 ot 1 F
WABAR I A R WL S o SRR FHEER T 1 1
FHTA 3 A, B 2 5TERFEA 3 88. 471 % AR 4
& FE R Z U7 22 DT R T 85% Iy B Af fz i &
SR PR R, BAWTX 3 > 3 B4 e 08 HE4E A W)
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FE A3 PR ey B K, AR S 7E L 3 B0 A AT R
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fRbRIfivE ok, RS ATALSE 1 s h BE AL
BB LI (KRR AL A R A
Sl AR IR kA U | R A R Y
IEfTER, RHER R pH B BE i a2k, AR 3R 6
H R I - 48 0T = AN 8 A R TIAH OG 2 BT 45 SR AT
BESLBEE BALB R B KRk E AR 2R
TR 2R Al ORI PR T () LA S S A ek (P
<0.05) , 4% A pH BLAY W25 A G, D I 7
XSGR AR H s H P ey 2 e K B B KK i pH.
ANf/ VRS , A AL A TR AL A A
Norm {EL ARt %, HA HLETXT T 13K 55 8 S
PE BT ST TR0 RE DA A i AR HAA A
SN, AT DA 2R A bl S b A 38 o s RO, A LT L 4
RIS A TR A e B A R NECH AR 5
2 ER AR A BRI o A S
AR IR, A BRI L AL A LA
2R O, TR I 7 3K S 4 A s B - fr 3 K

11 S A S R S/ N S, 5 A A ]
LEPS RN T oy RGN S 2N €/ SR CIBE (K
R R IR B FLBRE A RO AR I 2R A S5t
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Table S Principal component analysis of soil quality index

B e AT A

R bR Matrix of principal component Norm fff
. . . . orm
Soil quality index rotation loadings
value
1 2 3
+ % Soil density -0.885 0.148 -0.225 2.896
EEHFLERE Capillary porosity 0.820 -0.441 -0.275 2.778
T Al Wi

FERARE -0.077 0.408  0.542 1.030
Non-capillary porosity
BEALEEE Total porosity 0.890 -0.273 -0.017 2.919
B == E=N
BORFAR . 0.976 -0.128  0.076 3.172
Maximum moisture capacity
pH -0.946 0.077 -0.161 3.077
AHLFE Organic matter 0.939 -0.140 0.248 3.072
4% Total nitrogen 0.957 -0.184 0.181 3.127
Bl fi A Available nitrogen 0.968 0.152 0.155 3.155
4Hf Total phosphorus 0.954 -0.162 0.092 3.106
AW Available phosphorus -0.428 -0.222 0.812 1.822
441 Total potassium 0.277 0.717 0.427 1.581
AR Available potassium 0.758 0.538 0.021 2.607
Wk HEE Urease 0.660 -0.415 -0.403 2.311
B2 phosphatase 0.450 0.689 -0.501 1.962
AL A il Catalase 0.591 0.716 -0.281 2.272
REMETE Invertase 0.968 0.124 0.086 3.147
FHF{E Eigenvalue 10.508 2.611 1.921
ﬁ%m?ﬁkﬁ - 61.810 15.359 11.302
Variance contribution/ %
Rit 2 AME 61.810 77.169  88.471

Cumulative contribution rate/%

BT BRI B i E 1Y B /NI s SRR T
AIASCER 530 R 80, AT A 2 e /N BB £ TP 43 16
SR T JEE AN F AR, T T R 2R B PP R A
WP Lo MNP 1 Al AR Y, A [R) bRy 4 398 5o 45 2K
I 0.267 ~0.792 ZJa], HR/NER iy H A T
FABK (0.792) > Sl B — H A % M i 58 AR
(0.639) > F~ARM(0.353) > FRAnAk(0.267), R
4 TR rf FAR 5 A b M R A e, RO 5
wR - AT AR IR SSAR A2 AR, R AR bR 4 38 Jo

Ko
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Fig. 1 Comprehensive index of soil quality in different forest types
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SR B AR o S R S e B S Y
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BRI ML S AT O e Ak, 1 RN
SR TN 1 | K 8 05 R DL K S AR
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N ANTRIAR 73 b 38 AL Bt 8 I )2 TR B 14 3 i
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TR EMTE R R L A

3.2 AEMS LELFERFE

4 Fhbksr A2 pH R 2 B{EA T 4. 13
~5.07 Z[8], PRt 43, H b6 L 2 5 R PR A,
JEU PR R R AR AR A 2 Ve A o i R rp 2
FELEA LR , I R 1 B 5T 2 A, bR
HERIRYES WA DR R Y] pH A % R
TFIEE (BSP) pese™) o A HLIT AR + 5208 Iy
(Y SR AR Z — , AR R 70 A b SR ) A i T
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