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Effects of Soil Remediation and Changes of Plant Diversity in Burned
Areas Under Different Afforestation Patterns
CHEN Xiaoxue, LI Hongli, DONG Zhi, CHEN Peng, QIU Sugian, GAO Ya

(Forestry College of Shandong Agricultural University , Mountain Tai Forest
Ecosystem Research Station of State Forestry Administration, Tai’an, Shandong 271018)
Abstract: Taking Quercus acutissima -Cerasus -Robinia pseudoacacia mixed forest (MYC), Quercus acutissi-
ma -Pinus thunbergii -Acer mono mixed forest (MHW) ., Quercus acutissima -Pinus thunbergii -Cotinus cog-
gygria mixed forest (MHH), and Quercus acutissima -Pinus thunbergii -Ailanthus altissima mixed forest
(MHC) grown in the burned area of Weihai as research object, soil properties and species diversity were sur-
veyed under four different afforestation patterns with naturally updated woodland (CK) as the control. The
effects of different afforestation modes on soil remediation and the status of subforest vegetation renewal
were analyzed. The results showed that: (1) MHH had the lowest soil bulk density in 0—40 cm soil layer,
the best soil aeration performance, and the best soil water retention. MHC was the second and MYC the
worst. All of these three were different significantly from CK (P <C 0. 05); (2) The soil organic carbon, car-
bon nitrogen ratio (C/N), total phosphorus, total potassium and available potassium contents in MHH were the
highest in 0—40 cm soil layer. MHC had the highest total nitrogen and available phosphorus contents in 0—40 cm
soil layer. There was no significant difference in soil organic carbon, carbon/nitrogen ratio (C/N), total phosphorus.,
total potassium and CK between MYC and MHW (P < 0. 05). (3) MHH’s Margalef index, Shannon-Wiener in-
dex, Simpson index and Pielou index were relatively higher; (4) After comprehensive analysis, it could be
concluded that MHH had the best soil remediation effect on moderately burned land, and the regeneration
rate of understory vegetation was the fastest, followed by MHC. MYC and MHW could improve soil physi-

cal properties obviously, but had no obvious effect on soil nutrients and understory plant regeneration.
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WF5E DAL T 11 7R 48l 7 T A R X8 5 A 1Y B
Bl &k T, oK 53 kR S LA AR By (Pinus densi flora
Sieb. et Zucc.) Hl B #% ( Quercus acutissima Car-
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JRAR 6.02 10. 36
MHW LLPUN 2.02 4,42 0.35 23 6.85 4:3:3
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KR B T CK(P<<0. 05), & Emei 4 2+
HEM R K A T 23, 63~37.20% . 7 0—40 em + )2
o MHH - 35 + 840 Fn 5 7K & fe i o0 34. 0976, MHC
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2.2 FENEWAE I AR H + 5 5 5 B R0

2.2.1 EXHEBEALAEFLMHL WNE2ATUFH.0—40
em + 2 AL 4 B AR X 4 A BLEk & = O MHH
(14. 89 g/kg) >MHC(14. 10 g/kg)>MHW(4. 90 g/kg)>
MYC4. 14 g/kg) s N\ T T8 J5 45 Mt -+ 584G HLAK 75 5
B CK A s B MHH 1 MHC 4p, 45 CK %
FARE (P>0.05); NBEAS T K F , fr MHW
A HAR 25 PR A PLAR & 5 38 0—20 em™>20—40
em + 23, R BE T )JE R EE B0 # T MHW iy
THAPUE T A R R EMA R KK AP 5 WY
R FEAMGETE 20—40 em + 2 FE LA T 2B DLk
SREETHREN . S 0—40 em HEN TIEL R
M 0.46~1. 33 g/kg, Hoth MHC £ & Eoh 1. 24

g/kg, MHH &2z }1.08 g/kg, MYC 1% # 0.51 g/kg,
H¥Y5 CK 273 B2 (P<0.05), HHEAVBRA SN
FUAE (C/ND J& Sz e - e 55 43 Rl AR A E B G h L 45
WM 0—20 em + 2N TR A L (C/ND) 2y 9. 10~
14.97,20—40 em 12 AR A L (C/N) A 5. 25~12. 66,
MIEE I [ F 020 em = JZ Bk & H (C/ND 3 &5 F
20—40 cm £ JZ ;s N2 R MK 5 W) F . 0—40 ecm +JZ
W MHH # A e (C/ND Jesy . B R P2 505000 14, 97 F1
12. 66, kS MHC, I F #2454 11. 31 111, 39,3%
WIIX 2 B i ARASE XA AL B AL PR 950 R0 A - 8 iy e DR
AE AL A AT RERE . H MYC A
MHW 5 CK Z[u] J i 2 22 5 (P>>0. 05), ik & Lt
(C/N)JH 8.35~8.85,
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RN M2 020 cm 2040 cm 0—40 cm
MYC 5.3340. 26cA 2.9440.19cB 4.1440. 32be
MHW 4.1640. 27cB 5.640. 35bA 4.904£0.51b
THEF YL/ (g - kg™ MHH 16.3341. 39aA 13.4540. 74aB 14.8940. 76a
MHC 14.9940. 64bA 13.2020. 50aB 14.1020. 29a
CK 4.1640. 12cA 2.8640. 27¢B 3.5140. 19¢
MYC 0.4740.01cB 0.56=0. 03dA 0.5140.01c
MHW 0.4640.02cB 0.66+0.01cA 0.5640.02¢
THEHEWAE/ (g kgD MHH 1.0940. 06bA 1.0640. 03bA 1.0840.05b
MHC 1.3340.01aA 1.160. 02aB 1.2440.02a
CK 0.4140.05cA 0.3940.02eA 0.404+0.04d
MYC 11.4540. 78bA 5.2540. 23eB 8.3540. 43¢
MHW 9.1040. 29cA 8.60+0.12cA 8.8540. 19c¢
+ 3Rk A L (C/ND MHH 14.9740. 45aA 12.66+0. 28aB 13.814+0. 38a
MHC 11.3140. 53bA 11.3940. 19bA 11.3540. 24b
CK 10. 2741, 09bA 7.26+0.30dB 8. 76=0. 68c¢

ERPARF/NGHKE 53 5 [ — L2 A [ i Ao 2R R — 3 Mo U R 2 2 ) 22 57 i 3% (P<<0.05) . Rl

22,2 XA FhostEEM BE3IAH.AF
TR 2 - A S R 0. 192 8~0. 315 8 g/kg,
CK 7 0.186 3~0.261 6 g/kg, Hh MHH 4% & &
B ,0—40 cm + )2 ¥ 0. 264 0 g/kg, MYC &
IR 0.202 8 g/kg, Wi & &5 # 19 1. 30 %, H A
R 7] 2% 5 5 35 (P<<0. 05) ofH CK 35y s T
MYC Hl MHW, i it 7] LUA H . fk MHH Al MHC 41, H
flby 2 FpARA X+ e 4 Wl i 0T TC W 2 S e . A [R) E ARRE
A -4 B0 5 AR b 5 i — 2, MHH il MHC £
WA IR K, 0—40 em )23 & 84510 19. 5,
15.7 g/kg,f& CK ) 1. 39, 1. 12 % AN [A) i AR = 4 B0 5
R/ MHH (19, 50 g/kg) >MHC(15. 70 g/kg) >
MHW(14. 30 g/kg)>CK(14. 0 g/kg) >MYC(11. 00 g/
kg) , X ATHESE K MYC A A 46 D\ -+ 58 A gl K
IR RS AR R AW B M IE Y AN R T
T e SR I

2.2.3 XERHAASLETEAL BHEHMFESH N
S IR — T4 (A AT DL T 4 A R R
RAEYAER T EFRCEN EERIE. & 3 AL,
020 em + 2, MHC TR & & m N
1.774 4 mg/kg, H¥k & MHH 2k 1. 079 8 mg/kg,
MHW FAKh 0. 665 7 mg/kg, £ A ] & CK [i] 3
A 25 7 (P<C0. 05)320—40 cm 1 J2 4% 15 Mo X
M AR AR R 0. 615 9~0. 876 9 mg/kg, H A
T AR R P I 22 R B 2 (P=>0. 05) , i il U
RO A HIERZRE 020 em T RBE
FE T 2040 em + )3 N [FIARAY 2Z [i] SR B i 2

SRR TARE S . B TE & AR L 2 L
MHH & & 5. E T™WZE2 5N 160. 67, 108. 00
mg/kg. i & m T HAL & AR (P<C0. 05) , #5712
fE 020 cm 42 JZ A HACH & 5535 2 MYC,.MHC
M MHW /89 1.74,1.95,2. 11 %,

2.3 AEEREXRTEBFHZYMS G
2.3.1 #WTHABMRAKMSHIE KTYF L
AL DL S b D i 2H A A A B H Rk R R A X
EREYERA B XL XA AR Py ) Rl R 2 41
JIL ] A 45 3R N AR S R WL MY C AR TR R 2 )
Fsf)E 4 B 6 J& 6 . S LW B AL ¥ (Lespedeza
Formosa (Vog.) Koehne) . Il & (Albizia kalkora
(Roxb.) Prain) ., ¥ £ Ml ( Zanthoxylum simulans
Hance. ) .56 4k (Daphne genkwa Sieb. et Zucc. ), K
2% (Magnolia lili flora Desr) . # % (Sophora fla-
vescens) s LA IE TN SR A L HFp , EZAE S 0. 251 2;
T RARRES)E 6 B9 J8 9 i, LL& Y 2 (Coreopsis
drummondii Torr. et Gray). B B ( Echinochloa
crusgalli (L.) Beauv.) fl /N & ( Cirsium setosum
(Willd. ) MB.) A% Fh . 2 53 51 2 0. 181 7,
0.167 6,0.153 9. MHW M F i e AH IR 4 B 4 R
4 o, S SEM AL T 1B KRB (Morus alba 1..) .
A4 (Quercus dentata Thunb. ). T 2 AH 43 5] A
0.178 3,0.164 5,0.050 3,0. 045 8, L 3 [ i 4% F F
AU PEHEF AR TZ SRR 6 BL 11 J& 11 Fh, LISk
M3 2k 3¢ (Lysimachia pentapetala Bunge) . il &
(Conyza japonica (Thunb.) Less. ) 7> (Miscanthus
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sinensis) M1 & B (Setaria viridis (L.) Beauv.) &
P #, T EAH 4 51 R 0. 303 2,0. 160 4,0. 158 1,
0.1527, MHH Ak FERAY F ) 2 B 3 )8 4
i, S AL G I AT I AL E IR (Ln-
digofera kirilowii Maxim. ex Palib) , DA #AZ T F1 1L
ER LS, HEAE N 0. 155 8 0. 102 4; FA 2R
6 8k 10 J& 10 i, L) B 2L 35 ¥ BL (Themeda japonica
(Willd. ) Tanaka ) | 85 B (Gypsophila oldhamiana Miq. )
i e #, B AR 43 51 k0. 214 3,0.166 5,0. 160 6, MHC
MTHETTZSRE 6 BL 6 J& 6 A, 430 £ WAL T/
MFM(Celtis Sinensis Pers.) 7 G AR W | L6 3K 78 A Bk
(Sageretia thea (Osbeck) Johnst. ). B £% #L, DL ZE TR &7
BT /N AR R ROR 22 e g3 Dy 0. 178 1,
0.1339,0.129 8;EEARZRESHE 9 & 9 A, B K
(Athyrium filiz-femina (L.) Roth), 3 #f] ¥ &

(Eriophorum comosum Nees), 1 3 3% (Ixeris
polycephala Cass. ) N LT Fh, T EAH 43 %]k 0. 170 0,
0.163 4,0.137 7, CK K TH#EAREYFFRE 2 2 |8
2 Tl s ) A A EROR R, DL R O L A,
HEZAE A 0. 243 3; 5A & 10 B 10 J& 10 4, LI
W F 08 ¥ B (Commelina communis 1.) ., /)N 2 ¥
(Conyza canadensis (Linn. ) Crong. ). Bf 3¢ ¥ (Ozxalis
corniculata L) (5L, B BE 43 %1 0. 315 5,0. 302 6,
0.259 5,0.186 5, Fh I » A TS 7 AR 0 5K SR 557 Ak st
HEAR)ZE FE DL R A F AR ISR SE SR
PEFA, LU ARSI AER N RO . N T8
AR FEAS 2 32 LA 4 X9 3 /NG | 0 o 3SR AR A
FERIBLR 12 R 5 B8 AR AR S I H B R
AR BE Th T SR S0 MR Ml R A 2 AN 4 B T i 28 45
Z BhE A 3 i

R3 FREMEXTEFSEE

EiER A 0—20 cm 20—40 cm 0—40 cm
MYC 0.209240. 0026eA 0.223340.0022bB 0.216340.0037d
MHW 0. 248540, 0044cA 0.192540.0037dB 0.22074-0.0016cd
T/ (g ke ) MHH 0.2379+0.0017dB 0.2900+0.0031aA 0.2640+0. 0020a
MHC 0.3158740.0052aA 0.202070. 0020cB 0.258974-0.0028b
CK 0.2616+0.0015bA 0.1863+0.0019¢B 0.224040.0030¢
MYC 11.100040. 41cA 10. 900040. 44dA 11.000040. 37d
MHW 15. 100040, 88bA 13.500074-0. 75¢B 14. 300040. 82¢
Tt/ (g kg ) MHH 19. 3000 1. 37aA 19. 600021, 43aA 19.500040. 13a
MHC 15. 500020, 68bA 15. 900040, 72bA 15.700040. 35b
CK 14. 80000, 57bA 13.100040. 39¢B 14.000040. 48¢
MYC 0.931240.0138cA 0.674740. 0046bcB 0. 803074-0. 0092¢
MHW 0.665740.0320dB 0.87694-0. 0123aA 0.771340.0102¢
R/ (mg « kg D) MHH 1. 07980, 0046bA 0. 80060, 0184abB 0.94024-0.0115b
MHC 1. 774470, 0275aA 0.615974-0. 0332cdB 1.595240.0778a
CK 0.538640.0159eA 0.470040. 0045dB 0.504340. 0070d
MYC 92. 00005, 35bA 94,3300 3. 86bA 93.170043. 42b
MHW 75. 67002, 62cA 49. 67004 1. 70cB 62. 67000, 47¢
T HEE R/ (mg - kg™ MHH 160. 670049, 03aA 108. 0000+ 6. 98aB 134.3300+7. 32a
MHC 82.3300+5. 79bcA 46. 33004 2. 05¢B 64. 3300+ 3. 92¢
CK 53. 00004 2. 94dA 42. 67004 3. 30cB 47,8300+ 2. 62d

2.3.2

RR#EMRXTHY S HRIBR YIZHE

5 MYC } CK 225 2 (P<{0.05) (3% 4), Shannon-

PR R S 2 A JCT P05 AR VR 52 15 o e Y o
ebrz—"% . Margalel 35 FF 45 %k . Shannon- Wiener £
FEPEHEEL . Simpson Z2HE P45 £ Pielou ¥ 5] B 45 4510537
SR T R S 22 1 0 R B R BB AT A 2
JIT o5 LA KA 1A B30 A A% T 26 ) 3 T LU A7) 79 22 50
gl MHW . MHH #1 MHC ) Margalef $§ %% [t %8 32
.43 AR 3,225 1,3.057 6,3.019 2, M TR £ &, A

Wiener 1 Simpson $§ %t # 4 4 MHH &% &, 4 5 M
1.998 8F1 0. 856 1, Ak T AH Y Z2 AL R K-8 MHC ¥k
Z R0k 1,898 5 0. 838 3,2 FbkAl 5 CK WA b3
%5, MHH 5 MYC #il MHW 2 [i] 2% & i 3 (P<<
0. 05) ,Shannon-Wiener $§ #{ #1 Simpson 8§ %0 7 4 Fh 1k
M K CK 2 i) A5 Ak #5 AH ], Pielou 4§ %5 CK>
MYC>MHH>MHC>MHW,CK # F %55 B i 25
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% 33 &

490. 996 6, H 5 HAth 4 FhARR 2 0] 22 7 i 2 (P<<0. 05),
MHH ()= & B 48 50 2 P38 5O 3 &) B 38 B0d ab
TR A MR A B H R O e . CK B9 2 kR

5 RO B4 2 B 1 A ey K TR D R 9K BT R M A4
BRSBTS 71 TG KR B AR R
BRI R AR S AR K

R4 FRERERX K TEK B EHE

Mo Margalef Shannon-Wiener Simpson Pielou

Bl T AR Z AR ZREVETR AL o) B AR R
MYC 2.591240.13b 1.7767+0.09b 0.81554+0.01b 0.9646+0.02b
MHW 3.225140.05a 1.8032+0. 06b 0.816740.01b 0.926740.02¢
MHH 3.0576740. 10a 1.9988+0.02a 0.85614-0.01a 0.9612+0.01b
MHC 3.019240. 09a 1.8985+0. 11ab 0.838340. 02ab 0.953440. 01bc
CK 2.349440.07c 1. 882240. 10ab 0.830940. 03ab 0.996640.02a

H: FHAR R/NG 78 3 7R A [A] Mo 2 i) 25 57 18 3% (P<<0. 05) .,
3 W

e TS PR M A /N ER B, S B B
IRl Fe 40 o B R A A 635 0 4520 5 3ot % o
ST R PR 8 5 M K T 95 IR A e B L o e
M - 2 T ARG AL BRI R A B e
J Rk AR S N b e T A MR BT 5T
B VR KRR e R A LB 4 Al O
SRR I R R A L AL 25 B 9 B K
2 B S T 0T YRI5 B ) 1
TUTAS /N o AHEGE F W1 L o J2 3 3 A7 AT e
SR T 7 T L7 R Pl i 3 - 9 B R 4R S
WU B Fe 4 B PR ) s At - Al
544 A7 A 15 4R T T AR A 0 25 St 4% R R
B — SR — BB PRAE 4 B AR b A B
SEE B 7 SO LR R (C/ND 4l 2
BT A B T3 i B R AR T M M 7 A
T F KO B 4 Sy A B
Tt RIS AL AT A 5 K SR A K S R e A
B AR T I 3 B M A L T
WK R 2 5 T W AR A S R SR R
5 HLER U A5 R AR 10 5 R R 4L 3 25, 38
bR A AR L BT — AL — M R R — B
F— T F MR 5 % 8K T M M A e 7E - T
7 T AT ) BB AL 7E A BB 5 H (C/ND A
A4 IT T I TC I 22 91 . 2 LRI BLA T F B R ik
F AR 25 R 1 0% K Bl T B 38 K e T s - 4 g
I 5 L 9 2 R LR R T B

IS 2 B T AR MR S R G R LR L 25
HIRa R MRl 2 REEC | ARG R B, A T
J5i e 8 M AR T A b R L &
BEPE I 0 45 A A ARG AT . JBRRE — SRS — B A K
P 2 S TR 05 TR TR A L W
TR H L P H AR T A J2 R 2 MR (R

PR — B — S MERZE Y MR E L T R
BB, RRAR — R — AR MOUE R Z E RO S R
SREEH A BT BRBR — JRAS — RS AR fe Ao
e — 2 PR I TR /N AN T A Filr, KR TR AR
BISTREREHOm 5 o RBR — P AL — WA ARAE 5 A kb
FEBY TR 0 i 25 3 5 6 8L 5 A5 BIE g 4 R — B fib
AR 55 T A IR 28 MR SR RICR A, AR — R
Fis— TR R AR — RR AL — SLAR ORI K SR BT Mk dth 5 L
fiby 2 oA 396 O 1R 1 3o AR 00 1T 56 S T R AL 5 AR
TA A TR Pk A5 B A R T BT

- B PR BT 2l 5 RN A R 2 v Y AR A
5 R4 PR B2 00 G I IR 0 TR T O 5 AR 1 A AR
A AR — B — BTN S - R A
A2 1K ARt BT T 2 B A S B R R R R R
B R4 MR W R RE VR R, HOBEhT B R 1y
MO B ANAE  JEAE AT AR AR AR, RRAER —
FEF — SR MO K58 300 b A& 52 50RO T R AR — 2B
iy — BEARR (R 7R (i 2 - 48 4 R0 RN S A Kk R T
IR 5 o A2 KOBE I M G B Y i MR 2 — o AR —
PEAE — AR AR AR B — FEAA — T AR UM kB fe 1
ey R o ok R SOR B L (A B SR A R
M T R AN R DN B IE Y T A
FH o KBRS — B R AR, S E RN
Z M A O T 2R B A R T RS R T )R
S PR R R A A AT, DAIDT R A [R] Xl k5 0 b 7 K A
R RS %,
4o

(D5 RAREFA . 4 Fh T8 55 4 A I 3 2
F T Y AR RT, E A E RN B S R K
RES N . BB O 4 M B A K L DD K R (H 4 AN
TR B S - A LR LBk AL (C/ND L 2Bk 4
B HURLCEP S AR A e A S5, DL MHH X 3R
O3S IO B3 . IR Z o MHC Bial, B KR E
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A B RIE R M MYC fl MHW 5 K88 o 5 6
W25,

(2)MHH #1 MHC By A8 8% 587 1% 0 5 R SR BT
BRI XM A R SR BT . MHH () Shannon-Wiener F1
Simpson 2 F P48 80U 5 KIRTE BT Pielou ¥57
R G =

(LA MHH X o Bk be 3 i + 318 5
RUCR S A A A T 3 e PR L R W) b 2 AR K
Iy S EAR L B 8 IXC 2k g 0 b i 3 A N T S
R, MHC %2 s MYC il MHW 5 K 4R 5 9 75 + 4%
25T A M O 25 R R (RAE R AR A MR
FEL ) 5 5 T8 O T W R ek AR

¢
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