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KEREXNEZEAREZATIHRAREN S
RS FFERS I

ARSI, A, JRDEAE, XUETY, Bk 3O, e

(1. fR AR S L AR TR, A M 350002; 2. EZEAMFIR RIS AR TREARBIFE PG, @ fmMH 350002)

HE: [ BA ] BN TARIEEARERARGRE N AARAE Y JOESRHERN 2 57, SRR AR A K 5%
HEREERIER, LU X TR A N TMER g B IRAUSaEE e 2%, [ i ] DIEJUEZ IR AT
MONBFFEXS 4, 2011 4F 8 H 5Lt 4 RO [FRARGR E (He & AR T4 o0 th BE AR 34.6% . TR 1K 48.6% .
Wi BE P AR 67.6% F1EF £ 100%) k5, I SRR, ZARIKE Sal5, RAMRHMES 22 (0~10.
10~20 cm) FRETE AR AR AR (< 2 mm), SHTRARSREEXT 0~20 om + /2 4HAREAE Y ik BOE A FRIE RS20
[ G558 ] R B AR B AR Wi 3 9l 22531, 257.96 gm™2, H5RFAK (219.35 gm?) ZRALE (P>
0.05), HEOR B AR AN R4 31 LR SR AR B PR AR T 47.0% F1 66.3%( P < 0.05); 4R & 180T iR HEAR K
MRS R R BEE R (P>0.05), BRI AR TR D BER KT 41.5% Fl 71.2%(P < 0.05); AR
2 R FIAR 3R T RR % B it R A B 18 KM AR A A 5 AR B A W R AR — 3, IR R AR L AR AR50
J 2R T 51.9% F1 46.9%(P < 0.05), BARLLARMLSH B E IR T 54.9% T 49.2%(P <0.05). [ &it ] 12
RS N TMAFRRARHREE 5 a )5, Hh BEFISR BE PR AT REAE R MOR AR AL B RNWOOK 3 5 3R 43 0, iR s
JEREAR AN AR B RIS WA AR EMOR IR A K AR, DU S EOR AR AN B e i

B

KRR RAGREE ; AARAEYIE; AVER; RSN

FE 4 25:S718.5; S752.2 XHEAREE: A

TERMESRG D, WEALHY S T EZH
HEAT ) Jox 58 45 I RE U 3 B AT 22U, AROR ZE AR
(< 2 mm) WK 43 RIS S B 2 T AR HLA= BT
R, XK SR AR . (R AR
BV 45 A AN TR PR I, B s
HEARE X AIRE R R PRI R, &
TR 2 AR oy, HA5 M 5 D REAFIEA AL R AP SRR
BEa e As, Hrp, 40 AR I 54k
RA IV EBEOIAG, HATE AR fb 5% i H ) fig &
T,

MAR R BT Z AATOGES, DIEA R

ks H: 2020-09-02  EEIHW: 2021-04-03

XEHS:1001-1498(2021)04-0128-06

FRWBFSE F BT [ AR DR X AR A 52 w1, i
MR RARA PR AR A= 4 153 A0 s e R BIFFE BE 8 HT)
SR AR, RERIE X AR TE SRR 5T 0 A A
U SRS WA R R R 2 5 . Noguchi %5 B
AR, 1044 H AR M (Chamaecyparis obtusa
(Sieb. et Zucc.) Endl.) [H]fX 3 a J5 (A1 E 65%),
/NT 1 mm 4R EAE P SRR, (X 4IRS
MYSZMR AN G Ul T pE SR, P R A A
(PREBARABE 0.7) 51T, ¥ (Pinus tabuliformis
Carr.) MRAARL G . AR 2% B AR SR T AR
FRIR BN K ARG WFIR R, BRI LI ARER

HEEWH: ERAKBFIEEE LWH (30972359 ); HAEMOLTRASESH (AR [2012]2 5 K8512001 ); fERHUET A 2584
TiH (JA14124); HREERMARFETLAHT-E % (pth13002); HEAMRFERHL QI LW 4TH H (CXZX2016036)
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& 40 a J5 (FFAGRIE 40%), A RFARRMLAPEK
AP AR AE Y R E R AR B =51
R, RIL 7% WK (Larix principis-rupprechtii
Mayr) [E14K 10 a J& (58 BE 20%), ARHR A4t [
fiX, Weshiure%,

K2 K (Cunninghamia lanceolata (Lamb.) Hook.)
TR E Oy RS AR R, FETR E ARG
AP R A S R G A S, FEARL
A A R R S FRE T AR B
WHtERM S, a4k, N TAREREE
AR BN E AN RIS R AR FE X ARA AR (14 52 e 7
JE R ILFZma L], TN TR R E
BB, HERITAT AN TMCRARZEE X AT
MAE = A S R E MR G2, ik, DA
W AUAZ FTR A N TSRS, BB AR AR
FE 5 a R AEY i L RRIEE R, BIERITR
A B0 AR A A SE e DA S BRI B, X
X IAZ FER S N TRl 2 B R A A At A i
2%,

1 R

TR BN (117°58'~118°57" E, 26°38'~
27°20'N), HuARMYT e, sEILMKAREETH . R
LB PG . 322 DX S S5 A v S B Vg PR 2R X
S, AERR 18.7°C, AEXFEIK R 1 733 mm,
EFIZE KR 1450 mm, AESAHXIHE R 80%, 4FH
HEBTEL 1 612 h, I TEFE 286 d 1),

e AR B T BH MO SR 5 47 FREE 08 K
PE 40 /NEE, JE I R E , 3K 250~350 m,
T HO IR LT e NPEE AU 8.4 hm?, EAREE

JER 3300 Fk-hm 2, BEMAFCAZARTIAST (Schima
superba Gardn. et Champ.), ¥RECLHI RN 1:1.53, T
2011 4F 7 H @I AZ TR A N TARERAR 5 33 )
PRER S S, AR 184 AE 2 IR ZE N T
MR, ARG FAST SR AR —F5 1) el M T A
T 2 B 51.88% Fial I AE L 46.78% A2 K
1.34% LA (Pinus massoniana Lamb.); T EHEAR
H A (Loropetalum chinense (R. Br.) Oliv.), 4 ¥
K (Adinandra millettii (Hook. et Arn.) Benth. et
Hook. f. ex Hance), — {64 (llex triflora Bl), 2R
AR (Camellia cuspidata (Kochs) Wright ex Gard.)
1l B2 48 (Cerasus serrulata (Lindl.)) G. Don ex
London) &% ; F R ARG 4114k M 42 (Eurya nitida
Korthals), T 17 % (Miscanthus floridulus (Lab.)
Warb. ex Schum. et Laut.). i & (Woodwardia
Jjaponica (L. ) Sm.), T-H (Dicranopteris dichotoma
(Thunb.) Berhn.) #1 iR AT 0 (Lophatherum gracile
Brongn.) %5,

PR Z AR 2011 4F 8 H AT AR IR, Mksr
FEE K, R REE B T R AR S R s T
FrA B B 55 PR, T 2011 4F 8 H SLiitith EE#:
o (MD), 3B PR (HI), B B2 £ (BHI) F1%
R (CO), BP0 N 34.6% . 48.6%.
67.6%. 100%, W il B % A5 B 73 5 35.9%
50.1%. 74.8%. 100%, JfLIARRAK (NC) MR,
AR AR BE I B T AR 800 m*(FE L. R
Pr4515E 13 20 m x 20 m ARifEdE bl , R HB DO M
FHAK DR I 22 ), g MR AR H R4 3 AR K
U KAk SalfFT 20164 7 HiHfT T 24, ik
B MR 23RN - SRR L3R 1,

F1 AERMKRE S a FiXIHHELR
Table 1 Geophysical characteristics of the experimental forestland under different harvesting intensities after S years
Wi W) oA T AL
AL Slope gradient/(°) Slope aspect Forest factors Soil physical and chemical properties
Harvesting 4% SIw=n % JiF bzl Vi bl N P
e Ly vm o b Fw B i T i LR 4 4
To Bottom To Bottom DBH/ Height/  Density/ Temperature/  Moisture/  Organic matter/ Total N/ Total P/
P P em  m (Fehm?) % % (gkg’)  (eke!) (ekgh
NC 31 32 w S 12.7 12.0 3213 18.52 30.67 34.20 1.07 0.18
MI 32 32 W S 14.8 13.2 1638 19.50 31.01 3531 0.99 0.22
HI 31 31 SW S 13.5 12.2 1717 20.52 29.46 35.11 0.75 0.15
EHI 32 29 SW SW 12.9 11.0 1313 21.33 28.50 34.77 0.85 0.12
cC 29 30 SW SW — — 23.18 26.69 21.65 0.41 0.05

VE: NC: ARfk: ML HERHMK: HL #BEHFMK: EHL: RSRESFMR; CC: Bfk. S: mM: W: #; SW: Fip. FFE.
Notes: NC: Non-cutting; MI: Selective harvesting at medium intensity; HI: Selective harvesting at high intensity; EHI: Selective harvesting at extra-high
intensity; CC: Clear-cut harvesting. S: South; W: Western; SW: Southwest. The same below.



130 Mook B

R

i34 4

2 BRI

HERYARERE ok USSR RIS Ly .
H) . FHNIE, SHMLEE 1 A AREGRE s . BURE
ML REAS AL 10 cm, =B 10 cm; BUREIRIE R
FIEFIZ 0~20 em(f% 0~10, 10~20 cm 43 2 JZHL
), BURERTSEIE R - RITE Y . KRR AR
JE A b A ) EBORE A 1 TR — £ 2 1 B AR A e —
A, PRI 3 MNMEAHES, ARSI SS . T
FRE MR SR, LRV KR, R
Pe, it 40 HIH R Bk R B KRR SR,
RAEARAEE . MY . 3dE . MRS o B
Dy REFES N AFANBR TR AR ZE R (B RAZ AR
FIARM) < 2 mm TE AR . 12 F WinRHIZO(Pro
2009¢) MR R EUR T R GE, X402 6 AR I 2
KR HAR. REBPRIRTEEARL; K5, &
ZHRRRE S ABERS , 80°C ML T B, M T
KRR T i (R R 0.001 @), 4IHRA:9)
it SOE SRR 2% 3G [7]. 53317 2016
10 AM2017 4F 1, 4, 7 AERBAEHIETTT 4

URYIARIBORE , ARV IBURE A S0 28 Ab B ik H AR )
iz | Microsoft Excel 2007 #4750 35 47) 25 4% 3
T, 32 H SPSS 19.0 Bda mFrc i, XA R
PR R AR R e I AR A T B R R Ty 25
I3 HT (One way ANOVA) 7, Jf-45 & e/ i Pk 2
Stk (LSD) fa i e Sk m) 22 54 (P < 0.05),

3 ERE0H

3.1 HREMETWL

F2HRW . 7E0~10cm +)2H, BEERALR
JEMRE R, AR AL i B e K5 D8I AR TR R
H, R EROR (175.40 gm™?), R/ (45.51
gm?); 7F 10~20 cm + /2, AR AW ffR AR
SRR K RISk, R, R
K (116.64 gm™>), 5 B £5 AR 2 1R 2 B I8 T R
G BACRKRE T, IRAYREIN 0~10
cm HEET 10~20cm +)2; PEMRERL 0~
20 cm 2R B RIS AR, HE S5 ARK
ZRAREIE (P>0.05), i BEPeHR AR 5 AR
(P<0.05), 735l A RARFENR T 47.0% F1 66.3%.

F2 ARERKEESa FRAREDNETN
Table 2 The change of fine root biomass under different harvesting intensities after 5 years gm™
+2 KA Harvesting intensity
Soil layer/cm NC MI HI EHI cc
0~10 141.66 + 10.64 175.40 £ 19.35 141.32+9.80 92.17+16.79 45.51 £ 16.16
10~20 77.69 = 10.66 4991 +4.84 116.64 + 25.33 24.07 +5.18 28.37 £ 6.06
0~20 219.35+19.39a 22531+2344a 25796 +22.20 a 116.24 +21.10b 73.88+21.15b

e B £ WHER A TART R EREEP<0.05). R,

Notes: Mean + S.E. Different letters of same row indicated significant difference (P < 0.05). The same below.

3.2 ARESHFLET

HZE3IAH: £ 0~10cm L2, HE R
SR FERE R, ANAR FUAR K A Eb 2 1 AR L el )N S 1
Kbk, mEREAE/DN, BRER; WK%
JEE IR % T R 2 88 R AR5 B 11 3 R R e K s
WM A R, R, BREN.
10~20 cm £ )21, 4R HEAR RN b2 1 AR BE R AR
58 B (R HG RM AZ AR 5 0~10 em )2 9728 4k
FUEARRL s AR 25 B AR 2 T AR B B R AR B 1Y
WKW, MEEAEE, Hf, s
BEAR B I W 8

16 0~20 cm )2, 40AR FEAR K AN L 26 i FR

(%l 1A) ZH LA SRR . 30 BlR AR B (2
FEFLAARAL, AR R 25 Tl B BRI 5 AR AR
ZRANRFE (P>0.05), (HEKEERKTFRRE P
<0.05), BARYIHR AR AR b 26 A2 51 Fe ok
FARERE T 41.5% F1 71.2%; ARH 25 B FIAR 2 A AR
R (K 1B) ZHE LA R R R AR
F AR REEARRL, Y33 A b BE A B B 5ok
KARZFAREE (P> 0.05), [HAHEEBEAS K
IR EREAL (P < 0.05), HE BB AR 2 B AR
T FRE 3 | LU ARARFEAR T 51.9% Fl 46.9%,
B FROMR A 2 TR 2 T FR 28 82 43l L oA SR AR B AR
T 54.9% F149.2%.
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Table 3 The change of fine root morphological characteristic under different harvesting intensities after S years
. MARTE S HHAE Fine root morphological characteristic
T2 KAV
Soil Layer/ Harvesting IS FE R AR R H MR TR i
cm intensity Specific root length/ Specific root surface area/ Root length density/ Root surface area density/
(m-g") (em*g") (m'm™) (m*m?)
NC 11.15+1.34 154.29 + 15.67 1447490 + 1 396.24 20.24+1.53
MI 10.84 +0.58 155.14 +7.01 18 629.82 + 1 841.71 26.59 +2.63
0~10 HI 7.82 £0.65 123.72 £12.90 10 528.82 £515.24 16.38 £ 0.86
EHI 8.31+0.57 135.25 +8.07 734133 £1321.97 11.60 £+ 1.82
CC 17.14 +2.09 273.26 £29.56 6 626.72 +2 058.15 10.11 £2.92
NC 10.48 +1.97 156.12 £ 23.07 6 141.37 +199.10 9.73 £0.22
MI 934+1.11 158.95 +15.33 4566.11 +765.31 7.50 +0.89
10~20 HI 8.10£0.96 127.11 + 13.69 9 146.54 + 2 453.84 13.96 + 3.49
EHI 10.94 +1.23 192.47 £ 16.86 2581.45+711.69 433+1.04
CcC 12.04 +1.72 236.51 +33.24 2 674.24 +441.28 5.13+0.73
- B UL BE Root length density =
A g - 4350 = B_ 14000 - O HGRIHBUEE Root surface area density  _ 5 NE
~ m AR K Specific root length = P a @ a 1 5
;D 16 o F 1 B Specific root surface area a 4300 % g 12000 F . o I{ a % ‘?
=~ o = . =}
2hr 250 5 £ 10000 b ] : {{ =
by 5] 17} B 414 <
= 12 b 2 = . ' 5]
RS £ 2 X ; q12 §
3 10 4200 2 = 8000 [ . 2
2 b 3 =4 410 £
g 8 Jis0e 2 6oo00 | ls 2
2 6 =t g g
& 4100 8 & 4000 | 46 2
w4 g = {4 =
B, ds0 = % 2000} =
Ex] E X 1?8
0 0o ® = o L : : - o =
MI HI EHI CcC ey NC MI HI EHI CC ‘1‘5
KX i Harvesting intensity KX i Harvesting intensity =
T ARITFRFERZEFEE (P<0.05), Note: Different letters indicate significant difference (P < 0.05).
Bl1 AERERESa FHRESFLEER (0~20cm )
Fig. 1 The difference of fine root morphological characteristic under different
harvesting intensities after 5 years (0~20 cm soil layer)
‘\ Y 2 [25] A N . 2o y e
4 i SR EC S I AT R SR

AR A MR AR 2
i%%ﬁﬂﬁk%ﬂéﬁﬁmgﬁzgﬁnm

AR, fRAEANAR
— T HERARG H

BUOREANIRSET R A, ANHRZEW RN 55—
J7 MR AR MO Z AR, SRR, Y

MEIPRITE TR, AR AR, iR
K B ] AOHERS A5 LB 1) AR AR
5 BHEIRIy Ky IR SRR A A UIAR 5,
T AR A ™ SRR RO 2R M F RO ARG
FEREW, HARIFEERE R, BEARE L
AR A Wy )RR ) R
38 R 2 SE I RS AR L I ) it Py e T i ik
AU LR CRAR S 2R S A W B R AR S R R R 22

SRR 2 TR Sl 2 2 57 LA RS [ 2R A i HE K
SIS K. AEIERIA, AR N TR
g PR A — R A T MR AR Ay i
KEERREZESRALE, RPN AR
ARARAE Y R AT R T BRI 4%
(BN PR TR, ARG bR i
V0 i 187 /51 N o e S 1 1 1 4 a2 N
WL RIS AU, R AL B AT IR
=, ARAS Y 2 BB AR, AL
SRAD T AR LI NS AR AE T 5 AR 5L
PR T, S5 ERHDGI . KIFNFRIFEE IR
R C LT L A ) 1 STORTRAS 707 W
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MR EDEE AR AU, AR IR A )
RS U

BEE PSR, M AU SR R A
A, DASR g HO SRR PR A A 1 0 1 5 4+ E
I AEY AR E SRR T i AR R e R i
BORMTEDY, LR ERZ M, MAIREK
SHME, AR, RSN TARAIR AR
K LU T AR B A5 i BE #2415 AR AR TS
WEZER, EWAREN A XA RERPAIZ FETRAS
ANTHERIE AR LR, TSR R =
(G 1), AR ZF HOFT 24 4y B o 5 T AR LEAR
KA R MBORR S IR IR, O T 3554
P QTERT TR 0l 3 B AN 1YL o AR
AR HSOK I3 FIFR 53 B BE I AT Hh AR 8 B FIAR S 1T AR
WA, AWFSERM, A2 RIE N TARIIR
AR T AR R B R i B R TR A LR S AR R BE 1Y
ARAERLERE— B, AR v B R R A SRR
RICE 25, Mo BEFR ORI R 2]y, i
EICf s BT RARL . i B A A
LT AR K FIFR I B RE ST, AR A
Py AR A S Bk o

AT Z 2 AF IR, AZRRTRSE N TN AR
TRIRSE 5 a )5 i Jm THR, U T IeARMBRZ
(0~20 cm) {EAIRAED AL ERFAEZE SR, R
BARRMRORAIML . AR A AR L S FEANRSS . ARbK
PSR E I ERAE, ASRRIXIAZ RN
TR T RN A R R R A, T
Xof AN [ 5 B SR AR S AR MBAE Bl . R P R - M TR R
SWENTIKE S, WRAYE . . B
IR S SR L AR E R S BB TR T
IR BRI IN TR E Z R AR G R A
RABIESE

5 i

FZRRZ N THAF RS E Salm, X
0~20 cm 1 2T AP FPIG A0, R R i AR
AR SR EE I KA S AR ESFARE (P>
0.05), AMRFLARE . HeRmAL AR MR &
Y 5K REE R A EE (P> 0.05), £WH
JEE R PR A AR EMROR AR AL K, REAERRAN
WA RSO 5 53750 He 015 IR B AR A
RIS A . HR A 3 R 3 1 R
H 5 EAR TR RAR (P < 0.05), 72 WML BE B AR RN
BRI TR, BEAR T 4IAR A= 9 i

WOk 53R REST, FEIMAMELIRE . NI, AT
AR HEMROAR AR A KA M B &, R
AT R i AN A 5 A
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Effects of Harvesting Intensity on Fine Root Biomass and
Morphological Characteristics of Mixed Plantations of
Cunninghamia lanceolata and Broadleaved Trees

WU Zhi-long'?, ZHOU Cheng-jun'?, ZHOU Xin-nian"?*, LIU Fu-wan', CHEN Wen', LAN Jian-hua'

(1. College of Transportation and Civil Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China;
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Abstract: [Objective] To compare the differences in fine root biomass and morphological characteristics of mixed
plantation of Cunninghamia lanceolata and broadleaved trees under different harvesting intensities, reveal the rela-
tionship between fine root growth and harvesting intensity, and provide basic data and theoretical references for the
management of regional mixed plantation of Cunninghamia lanceolata and broadleaved trees. [Method] A mixed
plantation of Cunninghamia lanceolata and broadleaved trees in northern Fujian Province in China was used as the
research object. Selective harvesting at medium intensity (34.6% removal of growing stock volume), high intensity
(48.6%), at extra-high intensity (67.6%), and clear-cut harvesting (100%) were conducted and non-cutting as the con-
trol in August 2011. After 5 years of natural recovery, the basic data of biomass and morphological characteristics of
living fine root (= 2 mm) of tree species were collected from two soil depths (0-10 ¢m and 10-20 cm) via root
drilling methods. The influence of harvesting intensity on the total biomass and morphological characteristics of fine
root in the 0-20 c¢m soil layer was analyzed. [Result] For the total fine root biomass, non-cutting, selective harvest-
ing at medium and high intensities were 219.35, 225.31 and 257.96 g-m %, there was no significant difference among
them (P > 0.05). But the total fine root biomass under selective harvesting at extra-high intensity and clear-cut har-
vesting were significantly reduced by 47.0% and 66.3% respectively compared with non-cutting (P < 0.05). For the
specific root length and specific root surface area, there was no significant difference between selective harvesting at
various intensities and non-cutting (P > 0.05). The specific root length and specific root surface area under clear-cut
harvesting were significantly increased by 41.5% and 71.2% respectively compared with non-cutting (P < 0.05). The
changes of root length density and root surface area density with harvesting intensity increasing were consistent with
their change of total fine root biomass. The root length density and root surface area density under selective harvest-
ing at extra-high intensity were significantly reduced by 51.9% and 46.9% respectively compared with non-cutting (P
< 0.05). The root length density and root surface area density under clear-cut harvesting were significantly reduced by
54.9% and 49.2% respectively compared with non-cutting (P < 0.05). [Conclusion] 5 years after harvesting, the fine
root biomass and the ability to absorb water and nutrients of the mixed plantation of Cunninghamia lanceolata and
broadleaved trees can be maintained under selective harvesting at medium and high intensities, but will be signific-
antly reduced under selective harvesting at extra-high intensity and clear-cut harvesting. From the perspective of ef-
fectively maintaining and promoting the growth of fine roots of forest trees, it is recommended that suitable harvest-
ing intensity of similar forests should not exceed the selective harvesting at high intensity.
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