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Abstract: [ Objective | This study aims to investigate the effects of mixed plantation of Cunninghamia
lanceolata and Schima superba on soil fertility. [ Method | The changes and relationship between soil pH, soil

nutrients (organic carbon, total nitrogen, available nitrogen, available phosphorus, available potassium)and soil

Yrfm B HE:2022-12-26 &8l HH#A:2023-01-26

BT 500" F SR I H (2021YFD2201303) A7 8 4 O 4 L 1% TR B0 H (PAPD)
Project supported by the National “14th Five—Year” Key R&D Plan (2021YFD2201303) and Jiangsu University
Superior Discipline Construction Project(PAPD)

PEHEB AN AN ILDT, 1A=, oreid. org /0000-0003-1593-6074,2631397400@qq.com; WEMEE oo, 209%, 4
ST, SR BRAR TS, orcid.org /0000-0002-4625-4490, yeyu@njfu.edu.cn,



- 518 - RN AN I 3 %45 &

enzyme activities (protease , sucrase, catalase , acid phosphatase , urease )in different soil layers (surface layer: 0—
20 cm, subsurface layer: 20-50 cm) of 23—year Cunninghamia lanceolata and Schima superba mixed forest,
pure Cunninghamia lanceolata plantation, and pure Schima superba plantation were explored. [ Result] The
results showed that: (1) Soil nutrient properties and enzyme activities of three types of forests showed obvious
“surface aggregation” trend. In the 0-20 cm soil layer, the contents of soil TN, AN, and AK in the mixed
plantation were significantly higher than in pure Cunninghamia lanceolata plantation (P<0.05) , and were
66.67% ,44.32% , and 8.25% higher than that in pure forest respectively.Moreover, soil urease activities in the
surface soil layer of mixed plantation increased by 1.99% respectively as compared with pure Cunninghamia
lanceolata plantation; (2) In the 20-50 cm soil layer, soil TN content in the mixed forest was significantly
higher than that of the pure Cunninghamia lanceolata plantation and 64.86% higher than that of the pure
plantation (P<0.05). Additionally, soil sucrase and acid phosphatase activities in the mixed plantation
increased by 50%, 14.42%, and 4.92% in the pure Cunninghamia lanceolata plantation. (3) Correlation
analysis showed that soil protease, sucrase and acid phosphatase activities were significantly positively
correlated with soil SOC, AN and AP respectively (P<0.01). [ Conclusion | Overall, the mixed forest of
Cunninghamia lanceolata and Schima superba can effectively improve soil fertility not only in the surface soil
but also the TN content in the subsoil. The results demonstrated that the mixed forest afforestation is an
effective measure to alleviate the soil fertility decline of pure Cunninghamia lanceolata plantation. Moreover,
there is a close relationship between soil enzyme activity and soil nutrients, and it plays an important role in
improving soil fertility. This study deepens the understanding of the mechanism of soil degradation mitigation
by afforestation of mixed forest of Cunninghamia lanceolata and broadleaf trees, and provides scientific basis
for the construction of mixed forest of Cunninghamia lanceolata and broadleaf trees and the sustainable
management of Cunninghamia lanceolata plantation.
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Tab.1 Basic overview of forest land survey and test plots

Mt i/ o oan WA, A PR Em FERE em 5 0E/m
SEREIC) 5 5
Forest land (yr) (Ff-hm™) Canopy Average tree  Average Average
Slope  Elevation
types Age Current density  density height DBH crown

KA
Cunninghamia 19.5 209 2254 0.8 13.1 14.4 54
lanceolata pure forest
A "
Schima superba 20 210 1904 0.8 11.6 13.6 6.8
pure forest
TRASHK

Mixed forest 20.5 239 1978 0.9 15.6 18.2 6.5
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WZE 2 7R, 0~20 em + )2, IR A AR 5 pH TN AN AK & 52 R4k #2557 (P<0.05) , H.
+HETN AN AK &1 52 AR 4R HE 2 342 50 T 66.67% 44.32% F1 8.25% 5 55 A far A MA L , TR 28 AR
3 AK B E R 40.01%. BLAh, ARy 4l bk £ 458 pH AP AN 3 8 3 5 IR 28 MR (P<0.05) o 20~
50 em + )2 IR SR L4 pH TN L AK & & 52 AR 4if i 3 22 5 (P<0.05) , IR 2SR L3 TN & i 512
ARG AA LT T 64.86% , AK &5 | i 2 FR&AIK T 25.02% ; 4 + 3% AK, A faf 4li#k + 3% pH AP AN | AK
TR E S TR (P<0.05) o [Fl—MH A 4 240 L, 3 Fhobki + 357 0 & m b & )2 481k #a
AL, pH.SOC . TN AP AN AK A9 7% 1 3% bifi 5 - 498 TR B2 A9 388 hm ifig B 1 o JH P A2 R 4l bR 12338 pHL
AN, AR FF4i bk + 3 SOC AN AK, VA S IR AZ ARk 432 SOC TN  AK B30 i [ )2 + 358 250 T2 15
% (P<0.05) .
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Tab.2 Chemical properties of soils in the three forest lands

A HLER/ o) g AR AL

M 27 +JZ/em H{&
,r P (g-kg™) (g kg™ (g kg™) (g-kg™) (g-kg™)
Forest type Soil layer pH value
SOC TN AP AN AK
ARG 0~20 4.51£0.025" 23.85£6.17* 0.57£0.14* 1.05£0.07™  58.94+4.49™ 33.33+1.57"
Cunninghamia

20~50 4.43+0.04"  19.96+6.43" 0.37+0.32"  0.09+0.40™  43.35+1.68" 30.93+3.71"
lanceolata pure forest

IR N 0~20 4.45+0.10"  23.97+1.80" 1.52+0.28™ 2.35+0.37" 160.97+8.61" 25.77+1.78"

Schima superba

20~50 4.37+0.06"  17.26+1.49" 1.13+0.21™ 1.88+0.24" 93.02+13.81" 15.46+1.78"

pure forest

IRASH 0~20  3.47+0.05™  19.14+2.19" 0.95+0.16™ 1.42+0.25™ 85.06+4.33“ 36.08+4.49™
Mixed forest 20~50  3.53+0.05"  12.24+0.81" 0.61+0.10" 0.98+0.40™ 53.36+1.02" 24.74+6.44"

ARG ERA R — 1 2R RIBc 2 (7] (924 5 535 (P<0.05) , AN Rl /NG S REAC 3R [F]— AR AR 7] 1 J2 22 (6] Y 24 5
2(P<0.05)

Different uppercase letters represent significant differences between different woodlands in the same soil layer (P<0.05) , and

different lowercase letters represent significant differences between different soil layers in the same woodland (P<0.05).
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SR I R TR A N AN R 1) TR R v T AR AR, Hrp R AR SR G PEAR LA A
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Tab.3 Two-way ANOVA table of effect of forestand,soil layer and their interaction on soil enzyme activity

. E4El TN T i E AL T P W T it I it
e PRO INV CAT ACP URE
Factor

df F P df F P df F P df F P df F P

A 2 3423 0067 2 5768 0018 2 0062 0940 2 19309 0.000 2 84250 0.000
B 1 10955 0.006 1 36142 0.000 1 2188 0.65 1 16829 0.001 1  50.328 0.000

AxB 2 1265 0317 2 0541 059 2 0371 0698 2 1.633 0236 2 2012 0.176
A BRI | 4 JZ L, AXB W R W 22 (] 9 52 EAR A

The A, B represent forest type and soil depth ,the AXB represent interactions of forest type and soil depth.
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2 (P<0.05) ; PRO: Protease , 75 [ [if§ ; INV : Invertase , i Blifitf; URE : Urease , Il fiff ; ACP: Acid phosphatase, T il P2 Tl 5 CAT
Catalase , 15 A AL S

Different uppercase letters represent significant differences between different woodlands in the same soil layer (P<0.05) , and

different lowercase letters represent significant differences between different soil layers in the same woodland (<0.05).
(ESIRCE iy 7 e e iy N
Fig.1 Changes in enzyme activities in soil ages in three forest stands
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Tab.4 Correlation analysis of soil nutrient and enzyme in three foest stands

:iiii ; F Lk e MR AR EE AR RERNE JEMERN MU IR
coelfciont S0C N AK AP AN PRO INV CAT ACP URE
pH 1

ALk soc 0.503" 1

A TN 0.116 0.357 1

R AK -0.204 0.255 -0.355 1

R AP 0.209 0.365 0.923" -0.346 1

HACAAN 0.206 0.346 0.894" -0.262 0.883" 1

E1H PRO 0.021 0.468" 0.759" 0.077 0.748"  0.736" 1

RGNV 0.338 0.617" 0.549" 0.138 0494 07137 0.506" 1

HALEBCAT  -0.016 -0.290 -0.271 -0.082  -0.112  -0210  -0333  -0312 1

FRVERERL G ACP 0.316 0.591" 0.889" -0.188 0.855" 08907  0.6747 0774”7 -0.320 1

Jik A URE 0.342 0.380 0.886" -0.312 0.880"  0.893" 06267 0701 -0.278 0.885" 1

# IR P<0.01 K- A B M 56, + 76 2R P<0.05 /K- I 8 A 56

** and * indicate significant at P<0.01 and P<0.05 level, respectively.

3 WiEER

B T A 5 i) AR TR S8 RORT A A 0% i A it R — A o i ARASE T - 8 AN RS e R A AT LA
S AR 7R AL IR REAE R AR MR AT R A 7 Y BRI UV TR AR N TR Mo (HF TR
M - SR T 1 5 AR ) 22 18] 5 R ST IR NI M, HAS [R] 4 J2 22 [R5 A R 25 SR 3 BFSE S L
FATRAZ WA AT , 255 % 8 TR AR ARFTR A% )2 (0~20 em) FEJZ (20~50 em ) +3E 375> FIEEG
PRI, FE5IHT T MM RN 5% 0 Z IR o DF5E KB, 0~20 em )2 IR A MR 14 TN AN I
AK &85 TR, BEH R T 66.67% .44.32% F18.25%320~50 cm + JZ 1, IR AZHR 1+ 5 TN &4
FEAZ AR Gl i 25 15 0 64.86% (P<0.05) , Ui BAAZ AR AR g 1R 28 0] LA B33 T+ 2 AR 2 R 33 o0 da b &
TR A M 322 FIR 2 A R AR 6 ik 6 R A Wl I 0% e 22 1, R b R )2 R R it A Sl 25488 Jn (<
0.05) , BaHAAZ AR AR BR3¢ AT LA T 3R )2 AR )2 L R o Bt M o 3k 5 BRA 48R 8 IDe B 3 VRN = e
SR A — B BLAM A LT alAR RIS AR pH i B E AR T AlAR 3 5 R OL S I 5 4
AN, 3% BB [] R 45 5 — 5 T S TR S AR OC , A S50 th B i 12 A2 R 5 RFTIR AC , HIRZSHIE A 23 a,
PEAMR AT 2SI RN S A e o 25 2 S ECR RIS I E N

F£0~20 em 2 IR AR 8 TN AN AK % 5 582 R 4O E i 25 5271 (P<0.05) , 23 348 = 1
66.67% 44.32% 1 8.25% , 1t WA 1R 38 i i 35 $2 A2 AR 4l bk 36 12 1A F7 33X 5 Rk FLAE B Aiff 9 245 R —
o SRR L, RIS HENREGE AT B B R S . FERMRAES RSP, K2 S
JRVEY 5 U V5P 00 B B 0 o I 35 5 45 R 4 Il U B R R B AR R T e T A
B L IME 53 i B K P 5 1Y) 5 T TG A 500, 6 LU Vi 400 4 ik 8 R AR T ) AR ) 9 % b 5
BRI 5 A8 VE SRR LAY, 5 TReE Y g™ Rk, TR A5 17 P v i i A8 1k mT R
AR T4 R, T 3 RIS T 4 T o FEASESR i R 4libR 38 AP AN AK ¥ 1 2575 TR
MR (P<0.05) , B A f7 RE i 8 45 i T3 AP AN AK &, BRI TR AS AR 38 vh 352 43 i TH 5 R fF i
FIAXZREY] .

£ 20~50 em )2 H IR 15 TN AK & 5 52 ARLIMAG 2% 22 5 (P<0.05) , T3 AK & & [LAZ AR
SEMRFEAR T 25.02% , IR 3R - HE TN & B 52 R LIMAH UL = T 64.86% , UBHIRAC AU BB R R ZAZ AR
AREHENE Ty, i H e R E R R R TN & i, 53R)Z H AL RS AR H R 1 R G R
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P Tt AN DR T 04 15 PR R4S B4R i o o, TR S PR SR I P 235 5 T A2 AR 4k (P<0.05) , B - MR g 5
TNAHIC K ZR 3™, UL IR R 25 5w TR 2 L TN ik, TR K RIZFNRZ 355 70 MG
PERYAS RS20 a] BE -5 H mi ik A Je LR S OV A G 0 53R IE BN TR], IR 332 U v 0 60 52 i AT
XIS, TS AR 2R 03 ) Je 3R 2 5% 3 WO E RO A s R TR A TR 2 e P AR 22 23 i Wy v ad
I BRI (RS R BRI R HERE . RR I IR JZ IR o0 B 8 Al B TR = R o
BEIRBL .

FASCII M b, B G | TR T TR TR B A DR P05 5 1238 SOC AN FIAP B 5 IEAR G .
FER I, - SFERGE T Z [A) A AE b 25 O 35 AR DG L X S 2R AR A R BIE S 2 AR . 2R AR B 94
LI L 20 A AR SR 2 R A RO K AU S Bk i S R . SR BRI
B PR 5 HEROC A VIAR G, 1 MBSO, 38 v m] B SO 9 RO SR 22, iR -5 - e A
Py OC™ s b SRR R L M b OO0 1 B P AT L B B M AN A A TR /N o3 T i
BSR4 5 - S AR R AR IR I A Al AR, 2 el ste 55 4 v IR 0™ RS SRA BE,
FECTFAZ ARG, 1RSSR b 22 AR - e 1 e ORISR A1 Tl 1 0 P 2405 2 oy, HL 38 TN AN
EE AR R, Al DRSNS R G R, U IR A S A SR PR S TR S v L SR
AN Z — o i S8 AL SR D 3 A Ao St g 68— b, A 2R 0 7 i AR A )™ A2 9 HL0,, 3
LR BE ST, IR BEA ALY 0D ARSI i S U B PEAE AN [R] 1 JZ AN [RI AR 2R Hh I f 25
Ze5t o NWFFEIUREI A1 8 A 03, B A IR BE T3P0 0975 3l (HBe I AR R e A7 e v W), A
INFEIFTENN AR N TAREL 4—5 A B 7% o, AR 20 A2 AR AR RS MR AR FP I SO
153 AR B i, BAZARGEMA 7 Y0 TR, ERLERRINLZEAEAT , AMe Rl bid 2R,
i A SR TR AN A

A P AZ AR A R SR A TR 0 e S A A BIE 5 4 B, A2 AR AR A 1R 52 RE S 25 B R AZ AR MR = TR
JER) IR I 7 SRS PR & i, ELRE RS 2R T Z B R Y] . ER)2 D IR
$eTH T L HETN AN AKG 7EIRZE e iR S I 5 42 T 7 R HE TN & 4, PR 2 AP B 4R T T iR
BEHGE o EAN ARSI AT 2, SRR Al AR I Al 1 e A1 JOR 5 785 0 TN AN AK 455
BFIEARSC, LR M PE AR T T RE (2 2E TR 0 s o DRI AR G R S U LE T A2 AR Al
ARNT LT BGERT , T G2 A SRS AR 0T L A T BRI
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