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The influences of mixing with Cinnamomum cassia after different cutting intensities in a
masson pine forest on soil microbial functional diversity. YU Su-fang' >, SHE Guang-hui',
LI Yuan-fa>, CHEN Li-jin’, LI Li-juan’®, YE Shao-ming”* ('College of Forestry, Nanjing For-
estry University, Nanjing 210037, China; >College of Forestry, Guangxi University, Nanning
530004, China; ’Central Station of Forestry Seedling Management in Guangxi, Nanning
530022, China).

Abstract; Mixed forests play an important role in improving protective efficiency and stability of
forest stands by establishing multilayer or thick-canopy structures. In this study, a 20-year-old
masson pine ( Pinus massoniana) plantation was harvested with 5 different cutting intensities
(clear-cutting, heavy, moderate, light and very light grades) , resulting in the canopy closure of
0, 0.4, 0.5, 0.6 and 0.7 respectively. Then cinnamon ( Cinnamomum cassia) was planted equal-
ly to the quantity of removed masson pine. After the treatments for seven years, the BIOLOG-
ECO method was applied to analyze the soil microbial functional diversity. The results showed that
the soil physicochemical properties, AWCD ( average well color development) and microbial
community functional diversity index in mixed forests were superior to both the masson pine and
cinnamon pure stands. The values of above-mentioned properties were the lowest in the cinnamon
pure stands, while the mixed stands developed from the treatment of light cutting intensity (with
a canopy closure of 0.6) had the highest values, being significantly different from those of the
masson pine pure stands. The functional diversity of soil microbial communities decreased with
the increase of soil depth. Principal component analysis showed that the utilization characteristics
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of soil microbial carbon sources were not significant among different mixed patterns but obviously

different among different forest types, mainly contributed by amino acids, carboxylic acids and

sugars. The differences of soil microbial carbon source utilization in different stands were signifi-

cantly affected by soil water content and organic matter content. Also, other factors such as soil

water content, organic matter content, total nitrogen content, total phosphorus content, total po-

tassium content and the ratio of carbon to nitrogen had important impacts on soil microbial com-

munity functional diversity. In conclusion, the microbial activity and functional diversity of soil

were improved by introducing cinnamon to grow in the masson pine stands, which would offer a

reference for transforming masson pines pure forest into mixed forests.

Key words: mixed forest; canopy closure; soil microorganism; functional diversity.

TIERUE YR A S R G TR IR T R
KHEAEH], & = R A PL A 5 0 2 HES )
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YRS L 3] 1) 2 R s PR N T 22 S MR I IR A A, 7
AR JE HEATXT EURSE , OF9E B . (1) R % L2 AR
Xif A W D RE 2 REVE R I ; (2) AR AR AR 2
R, HEBEY IR 2 PR 22 55 (3) A IRIAR ]
JERMET, LM E T Re Z R B £ 2R E R

21
1 ARMXEHRTGE

L1 s

ARSI M e TE b PR B iR AR T
ARl B 22 WF 58 Fr il e Ak 37 (110°3' E—111°22"E,
22°37'N—23°13'N) , i X i T AL 3y 22 S
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21.43% 22.73% 26.90% , NAELEM AR A L AL,
HA A A FRBR AL S CK C W 22 5, AR AL BR
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Table 1 Soil physical-chemical properties of different treatments

Qb L)z T2 ToKE HHLB 25 3 El C/N

AR (em) (%) (g-kg™h) (g-kg") (g-kg™") (g-kg™)

Cp 0 0~10 17.64£0.55 ¢ 11.27+1.30 b 0.51+0.07 a 0.18+0.08 a 1.13£0.36 a 13.66+1.73 a
10~20 17.01+£0.36 ¢ 8.32+1.06 b 0.44+0.08 a 0.17+£0.09 a 1.06+0.16 a 12.48+2.37 a

M1 0.4 0~10 23.02+1.06 a 35.95+4.62 a 1.05+0.12 a 0.27+0.04 a 1.61+0.21 a 20.45+1.17 a
10~20 21.21+0.53 ab 25.90+3.30 a 0.72+0.15 a 0.25+0.03 a 1.46+0.07 a 22.49+1.54 a

M2 0.5 0~10 22.35£0.57 a 36.66+1.92 a 0.86+0.10 a 0.29+0.03 a 1.39+£0.07 a 26.19+£2.53 a
10~20 21.32+0.28 ab 28.03+1.72 a 0.58+0.07 a 0.26+0.02 a 1.48+0.12 a 30.00+3.86 a

M3 0.6 0~10 22.19+0.77 ab 35.32+2.92 a 0.81+0.12 a 0.24+0.03 a 1.44+0.13 a 26.99+2.44 a
10~20 21.35+0.62 ab 25.27+1.64 a 0.66+0.08 a 0.24+0.03 a 1.47+0.11 a 23.32+1.70 a

M4 0.7 0~10 21.25+0.42 ab 34.28+3.33 a 0.89+0.18 a 0.30+£0.04 a 1.51+£0.20 a 23.03+2.93 a
10~20 20.62+0.57 b 23.29+2.22 a 0.57+0.10 a 0.32+0.07 a 1.99+0.63 a 25.64+3.11 a

CK 0.8 0~10 21.72+0.41 ab 33.95+5.24 a 0.80+0.21 a 0.23+0.03 a 1.35+0.38 a 25.13+7.86 a
10~20 22.11+£0.32 ab 22.10£1.05 a 0.56+0.15 a 0.22+0.03 a 1.45+0.11 a 21.02+£3.74 a

CP: REAlbR M1 : EJZARATEE 0.4 ThIEFA AR N TAZ M M2 BIZERMIEE 0 0.5 SEAA AR N TR )Z M M3 FJRARMIBE D 0.6 AR A
R NTAZJZEM G M4 FJZARMIBE S 0.7 Bh R AN PR N LA )2 MK CK X B Ly AR 4k, AR/ bk RoR Al — 4 2 AN R A B 22 53 . 35 (P

<0.05), FHE,

REIRE LA 24 h AL BRE) AWCD B 478 1k 1 R
HBAR/IN, K557 24 h J5 AWCD BEA P IE K, H 2
96 h, LAl A 4 HL AT FE ) A Aot i i V0 P ek
FIH L BEJG AWCD 3428 1k o Rk 22 | IF 2 i s T
FaE

F P 1] O AN ) Ak g - 9l A 4 ko i R
FHRREAFAE — € [0 22 53, 4Fh TR A2 40 B A%y i Y5 1)
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Fig.1 Changes of soil average well color development of

soil microbial community with time in defferent treatments

and soil depths
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REIH 0~10 em +JZ K M3>M2>M4 ~M1>CK>
CP;10~20 em +JZNH M3>M4~M1>M2>CK>CP;
M3 7E 0~10,10~20 em + )2 T IERUE W) R IE A H
FREEH hferm , CP A%, H M3 5 CK .CP 22 5% .3
(P<0.05), Bk CP 41,0~96 h PRk 4K 3145 kb B
AWCD HAREI N 0~10 em>10~20 cm, #HF A FFa
WG S AL BRI JZ AWCD (EECR IR
2.3 TIEMAYIRIE IR

R i 50 AT PR AR AL AR IR, 1B IR Ak 3
TFRRRESRE 96 h MOG(E A Shannon F5%K | Simp-
son T840  McIntosh 8%, MFE 2 7 LIF 4 PR
LIJERR 0~ 10 F1 10 ~20 em + HEf AL By REVE (1
Shannon F5 %X \Simpson FEECFN Mclntosh $8 50 & T
CK, H# /46505 CK 2 3% 25 % (P<0.05) ; 1fii CP
Y Shannon $5 %%  Simpson $8%(F1 Mclntosh 8 ZCAR K
T CK, AT WL o o i 1 25 A 0 5 R M P R
TEZHEAEAFFEE B3 m T 3w )
REZ AR, Hoh M3 0~ 10 1 10~20 em + 2+ 380
H W BEE B9 Shannon 45 %X, Simpson 8 %1, McIntosh
FREH = T HANANEE, H S CK .CP 122 7343k 8] T
BEFEMIKF(P<0.05), HAh 3 NEAZAE B, M4
0~10 em+ )2+ ERE Y HEYE Shannon $5 %1, Simp-
son FEELA McIntosh FEEI £k, {05 CP 2 5% .3
(P<0.05) ;10~20 cm )2 +HEMA PV Shannon
FEHCM Simpson 88 M1 B A% , McIntosh 85 M2 5
ik, MFEALHERTE £+ )2 W) 3R HUE Y BEY% Shannon
T8 UM McIntosh 8 80 £ L N0~ 10 ¢m>10~20 cm;
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Table 2 Diversity indices for soil microbial communities of different treatments

12 (em) b3 I AL AWCD FEERK (RZDEE W) R AR

0~10 (01 1.19+0.06 ¢ 3.24+0.01 ¢ 0.958+0.000 ¢ 7.62+0.27 b
Ml 1.84+0.03 ab 3.29+0.02 abc 0.961+0.001 ab 11.41+0.16 a
M2 1.90+0.05 ab 3.31+0.02 b 0.962+0.001 a 11.47+0.24 a
M3 1.98+0.11 a 3.31+0.02 b 0.962+0.001 a 11.97+0.53 a
M4 1.84+0.12 ab 3.28+0.02 abc 0.960+0.001 ab 11.39£0.61 a
CK 1.73+0.06 b 3.25+0.01 ¢ 0.959+0.000 be 10.85+0.27 a

10~20 CP 1.39+0.05 b 3.24+0.01 ¢ 0.959+0.000 ¢ 8.77+0.23 ¢
M1 1.66+0.06 ac 3.27+0.01 abe 0.960+0.000 abe 10.29+0.32 ab
M2 1.61+0.08 abc 3.29+0.01 ab 0.961+0.001 ab 9.84+0.48 abc
M3 1.76£0.09 a 3.29+0.02 a 0.961+0.001 ab 10.73+£0.44 a
M4 1.66+0.09 ac 3.26+0.02 ab 0.961+0.001 ab 10.19+0.45 ab
CK 1.47+0.06 be 3.25+0.01 be 0.959+0.000 ¢ 9.26+0.27 be

W12 Simpson F8EE LT .
2.4 FEWHSHH

FIHEEFE 96 h 1) AWCD {3 17 32 B4 20 B
(PCA) , Fi¢ [ 32 5 43 45 BU A — i JRE 0] (R 2R 55,
2003) , 7€ 31 A F BRI T 1 FRsr,
0~10 cm +)Z2HEAY 6 4~ F A4 Bit 5Tk F h
86.39% ,10~20 cm +)Z4HA 7 A~ F s Bit o
HRFE N 89.91%, Hh,0~10 em LEME 1~6 £
BT (PCL~PC6) HTTRRR 53311 45.66% ,19.01% |
7.68% 5.73% 4.84%F1 3.47% 3;10~20 em 12155
1~7 R (PCL~PCT) (I TTHR R AT 51 4 47.35% |
15.41% .8.35% .6.27% 4.93% 4.06% Fl 3.54% . %I
T TR 10% P4~ £ R4 PCL AT PC2
— o KB 2) . M1 M2 M3 Fl M4 1 0~ 10,
10~20 em Y47 F PC1 B IEJ5 18], 734> B 800E 0 ~
1.13Z [0 ;CP 1 2 A~ LJZ¥ T PC1 771 ;CK /Y
2ANHEBIN T PC2 Ty, BARE K, WY
TEAR I 2 BEPE SRR AN ] L 2 AR P B %) 5 SRS PRI A
ANTEZRZAAAE S RN B RS 52
Paalib | PRRESlAR S [ 43 B . FT 0L, PCT AT PC2
FEA b BE IX 3 AN [RIRR 43 28 R 4 338 Bl A ) 00 B R
FFAE,

91065 288 A PR S e 5 R FH 45 8 1 AR 6 2R
B, 8 R R | R I RN 3 A3 1) S e R R
(M8 45, 2010), 5 0~ 10 Fl 10~20 em 2
PC1 PC2 HLA 4 i AH e A IR WL 3 3, % 0~ 10
em 2PN R R o S ) R A R
25 FRIRZE WIS FBEZE I 10 ~20 em 420 3%
SEEIMIE RIS TIPS, AL 0~10 em
)2 R, AN R Ak B 2 A A R SRRk JR IR

AT TorMr (R 4) . AFEACEERY L3850 ) AR
PR FEEA R A IR RIS e R L Kb
AR T (HAE P [ L [R] SOOE A 2 AR FMSr +
B E R IR A RSB T o 5
2.5 TAEWIRRIEA E R T 2R AR 1 R
53 PR 2 [ A 1

TR A YRS 2R bR S g
PR BUA SCPE A g R KW (R 5) . PCL . PC2 5+
HE S5 5 A -8B 43 1E AH G, &8 2 SURH ¢ TAWCD |

2

0~10cm o CP
o Ml
X g B
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Fig.2 Principal component analysis for carbon utilization

of soil microbial communities in defferent treatments and

soil depths
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%3 BIOLOG-ECO #i#%iE7# PC1 1 PC2 FHIZL 15 {E (r>0.6)

Table 3 Correlation analysis of different carbon source utilization with PC1 and PC2 (r>0.6)

0~10 cm 10~20 cm
%y Tl r F g {3l r
PC1 FHIEFRIE Amino acids PC1 IS Amino acids
L-Threonine 0.958 L-Serine 0.923
L-Arginine 0.922 L-Phenylalanine 0.847
L-Phenylalanine 0.892 L-Arginine 0.814
L-Serine 0.780 L-Threonine 0.794
L-Asparagine 0.624 Glycyl-L-Glutamic Acid 0.741
b7 Carboxylic acids R Carboxylic acids
2-Hydroxy Benzoic Acid 0.914 2-Hydroxy Benzoic Acid 0.930
D-Glucosaminic Acid 0.895 4-Hydroxy Benzoic Acid 0.877
Itaconic Acid 0.793 Itaconic Acid 0.854
4-Hydroxy Benzoic Acid 0.780 D-Glucosaminic Acid 0.849
a-Ketobutyric Acid 0.730 D-Galacturonic Acid 0.764
25 Amines {52 Esters
N-Acetyl-D-Glucosamine 0.857 Tween 40 0.943
Phenylethyl-amine 0.844 Tween 80 0.915
Putrescine 0.743 Pyruvic Acid Methyl Ester 0.791
g2 Esters %25 Amines
D-Galactonic Acid-Lactone 0.835 Phenylethyl-amine 0.796
Pyruvic Acid Methyl Ester 0.756 Putrescine 0.727
Tween 80 0.654 52 Acohols
B Carbohydrates D, L-a-Glycerol Phosphate 0.862
D-Cellobiose 0.809 D-Mannitol 0.746
Glucose-1-Phosphate 0.681 $EJS Carbohydrates
25 Acohols D-Cellobiose 0.896
D-Mannitol 0.860 PC2 Eor e Carboxylic acids
PC2 IR Amino acids D-Malic Acid 0.685
Glycyl-L-Glutamic Acid 0.846 v-Hydroxybutyric Acid 0.678
B Carbohydrates S Carbohydrates
a-D-Lactose 0.836 a-D-Lactose 0.825
B-Methyl-D-Glucoside 0.711 D-Xylose 0.685
%25 Amines
N-Acetyl-D-Glucosamine 0.770

Shannon F5%§ , Simpson $§% . McIntosh 5% 55 1- 8 5%
SAEFRRIEMAHELER, HP.0~10 em 1) PCI
5T KA A HLB B L 3 IEAH G ; AWCD
K Mclntosh 48805 H &K & AL, 2E 4
B B0 Bk AL 3 IE AR DG ; Simpson 48 885 5K
W AHLBR R EME, 10~20 em £2 0 PC1 5
AT BT I 5 1E A 5C 5 Shannon 4850543 MLT %
A i35 IEAH G ; Simpson F8405 1R A HL 2 B %
IEAEG,

34 i
IR WA P A LS ) HE

B, AR R S B - STk W Ve A7 A R A 5%
Wi ( Zak et al.,2003 ; Monson et al.,2006) ., KHAF+E

LR Analibi s g =R YY) T 2R A
B o T R I e A AR AR IR (R R,
1992 ; A 1993 ; Xu et al.,2002) , AWFIE LI,
TE 5 AN AR ol i) A% - S A W T P (AWCD)
ML BEZFEMERY Shannon $5 %X, Simpson $8%% . McIn-
tosh FEEXI RN . Z)EMS E AN LA S WAL,
VLR ASHA F T4 e Y 2 . MR
A Ko Pk e 4 i nT RE 2 AR Y 2 AR 1L
M FEZIK B A F (Waid, 1999) , AAF57 4 & R, 7F
I AR B ] A 0] S R AR R 222 (0~ 20
em) FIERA P 2R 28E5 &, MY T6E

FEMEFE 2L S LI R bR Y B IEAH GO R (R
5), T ULAE S AR N FRAE PR S 3R S S
T AT B i - A MR DI RE 2 M X AT RE S
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Table 4 Main carbon substrates utilized by microbial communities in different treatments

JLEL PC1 PC2
Ccp N-Acetyl-D-Glucosamine ( JZJ$ Amines) a-D-Lactose (##2& Carbohydrates)

L-Asparagine ( RILFRZE Amino acids)
D, L-a-Glycerol Phosphate( &3S Acohols)
4-Hydroxy Benzoic Acid( ERl7ES Carboxylic acids)
L-Serine ( ZFMIE Amino acids)

M1 Glucose-1-Phosphate (2§ Carbohydrates)
Pyruvic Acid Methyl Ester (g2 Esters)
D-Galactonic Acid-Lactone ( fi§2% Esters)
Putrescine (#J$ Amines)
Tween 80 (g2 Esters)

M2 a-Ketobutyric Acid (JRF&ZE Carboxylic acids)
Glucose-1-Phosphate ( 2% Carbohydrates )
L-Threonine ( ZFEMRIE Amino acids)
D-Mannitol ( B3 Acohols)
L-Serine ( BRI ZE Amino acids)

M3 N-Acetyl-D-Glucosamine (J}¢Z& Amines)
D-Mannitol (%2 Acohols)
D-Cellobiose ( 2 Carbohydrates )
Glucose-1-Phosphate (2% Carbohydrates)
L-Asparagine (‘2322 Amino acids)

M4 D-Cellobiose ( 2% Carbohydrates)
2-Hydroxy Benzoic Acid (R Carboxylic acids)
L-Phenylalanine (R IERZZE Amino acids)
D-Glucosaminic Acid (R Carboxylic acids)
L-Arginine (%%M?@ Amino acids)

CK Glucose-1-Phosphate ( # 2% Carbohydrates)
Pyruvic Acid Methyl Ester( B&2% Esters)
L-Threonine ( &£ fRZS Amino acids)
2-Hydroxy Benzoic Acid( JRRZS Carboxylic acids)
Putrescine ( i Amines)

2-Hydroxy Benzoic Acid (FRA&ZE Carboxylic acids)
i-Erythritol ( 25 Acohols)

a-Ketobutyric Acid (&IRZE Carboxylic acids)
L-Threonine ( & JLfRZE Amino acids)

a-D-Lactose (##2 Carbohydrates)
y-Hydroxybutyric Acid (JRARZE Carboxylic acids)
a-Ketobutyric Acid (JRFAZE Carboxylic acids)
L-Serine ( ZHEMZZE Amino acids)

i-Erythritol ( B£3¢ Acohols)

Glycyl-L-Glutamic Acid ( ZFEFRIE Amino acids)
2-Hydroxy Benzoic Acid (JRE&ZS Carboxylic acids)
Glycogen (##iZ% Carbohydrates)

i-Erythritol (B¥3$ Acohols)

Ltaconic Acid (JREZZS Carboxylic acids)
L-Phenylalanine (ﬁ%@f@’g Amino acids)
Phenylethyl-amine ( il @S Amines)

L-Arginine (%%ﬂﬁjﬁ Amino acids)
Glycyl-L-Glutamic Acid (%%Mﬂé Amino acids)
B-Methyl-D-Glucoside ( ##2% Carbohydrates)
Pyruvic Acid Methyl Ester (T&Z% Esters)
D-Cellobiose ( #2& Carbohydrates)

L-Phenylalanine ( Z£#22E Amino acids)
Glucose-1-Phosphate ( ##2& Carbohydrates )
2-Hydroxy Benzoic Acid (ﬁﬂl&‘?% Carboxylic acids)
y-Hydroxybutyric Acid (FRA&ZE Carboxylic acids)
Ttaconic Acid (JRFRZE Carboxylic acids)

L-Serine (&M Amino acids)
B-Methyl-D-Glucoside (42 Carbohydrates)
D-Xylose (#fiZ5 Carbohydrates)

RS5 WAEMRERARERF . SHEREYS TEBEAERMEXYE

Table 5 Correlation coefficients of principal factors and microbial community functional diversity with soil characteristics

+ 2 (cm) F B FRIHE AL K AP £ B el C/N

0~10 PCI 0.930 " * 0.975" * 0.786 0.770 0.776 0.887*
PC2 0.076 0.005 0.167 0.252 0.241 -0.187
AWCD 0.933** 0.967* * 0.814* 0.821" 0.813* 0.837"
Shannon 54X 0.700 0.674 0.581 0.641 0.598 0.592
Simpson F5 %X 0.812* 0.812* 0.666 0.709 0.659 0.727
Melntosh $5 %% 0.939** 0.979 * * 0.828* 0.825" 0.825" 0.840"

10~20 PC1 0.716 0.816 " 0.639 0.620 0.708 0.721
PC2 -0.588 -0.272 -0.461 -0.398 -0.336 -0.154
AWCD 0.582 0.777 0.519 0.517 0.587 0.723
Shannon 54X 0.578 0.828 0.350 0.621 0.634 0.901**
Simpson F§ %X 0.482 0.766 0.275 0.524 0.542 0.852*
MeclIntosh #5454 0.596 0.772 0.561 0.512 0.586 0.692

#* P<0.05; * * P<0.01,

TRSHRBEIE M ARAR AV ) (R KK, 1993 B 0%, S A B R IERA LY B 20 BURTR R 20 W) o AS R A
2005 ; B 54 ,2006; Wen ,2014) , HANFIBF I EY  5&(Karoline et al.,2015)
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TEAS[R) L JZ B B 1) R s PR A A 2 MR Ab L
], L EARFEE Dy 0.6 Y& T MA Y T ae 2 4
PEFEAR 8 i T HoAth 3 AN HE, FZ AR N 0.4,
0.5.0.7 FEAAHIT , BT v 55 B2 i A 1Y) 2 B A KT
F PRI B T2 2O B8 i 3B 2 e 1
BCRARXS B0, FRATT AT I 5T A & I (B R HEAE
2015;Tao et al.,2015) , FJZABAIEE N 0.6 & JZ M
) R AR Wt R, PRV T ) AT 23 A R
1) Fr it e e , W P T BESHE B A R T R G AR )
B Ud B v B B A R T B e SR O 0 T R
KUIBEZAENE . BTN RUAE (2009 ) 7R & R, 55 B £
g E R TR AR 2R 2, X
SRR 2 S5 H SE AR SRR | 1617 52 e 321 3
&) | R AR A R, T X SE RS R F-7E
23] 1 25 5 0 LA T R A M AR
i

T IRGE Y DR 2 FE R A TR B ISR O i
SR 52 IR S R A i 3o s P R, G A A
FEEWARIE T AH LA 78 45 0 (R WG4, 2013,
Chen et al.,2015) ,¥IA R TIEF & & | R
SR B - R R B AR AR T AR b, DTS ) A
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