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Abstract: [Objective] This paper studied the fine root biomass and morphological characteristics a-
mong main tree species at different forest ages,understood their correlation with soil nutrients in subtropi-
cal secondary forest and investigate the difference among different stands and competition among tree spe-
cies to provide basis for the management of subtropical forests. [Method]) In this study,the 23-year stand
with artificial seeding after clear-cutting and 60-year stand without disturbance were selected in Huangyan
Mountain, Zhejiang Province. Ten 10 m X 10 m quadrats were set in each stand with 20 quadrats in total.
Three sampling points were randomly selected from each quadrat. Root-drill method was used to collect
root samples and soil samples of main tree species in the 0 — 20 cm soil layer (Cyclobalanopsis glauca ,
Schima superba , Lithocarpus glaber and other woody roots). Biomass and morphological characteristics
(specific root length and root length density) of fine roots with different diameters (D1. >0—<C0. 5 mm,
D2. >0.5—<C1 mm and D3. >1—<{2 mm)were studied. Ammonium nitrogen,nitrate nitrogen,total phos-
phorus and organic matter of soil were studied,and their correlations with biomass and morphological char-
acteristics of fine roots were also analyzed. [Result] (1) Total fine root biomass increased with forest age.
The total fine root biomass in the 60-year old stand was significantly higher than that in the 23-year stand,
and that of 60-year stand was 1. 3 times of that of the 23-year stand. This significant difference was only re-
flected on total biomass of other woody roots. There was no significant difference in total fine root biomass
for three main tree species between the two stands. (2) There were significant differences in fine root bio-
mass with different diameters, but the differences varied by tree species and forest age. Fine root biomass of
C. glauca with D1 and D2 diameter classes in the 60-year stand was 82. 1% and 51. 1% higher than those
of the 23-year stand with significant differences (P<C0.05) between them. There was no significant differ-
ence in fine root biomass of different diameters of S. superba between two stands. Fine root biomass of L.
glaber with D1 diameter class in the 60-year stand was 55. 5% of that in the 23-year stand with significant
differences. The fine root biomass of other woody roots with different diameter classes in the 60-year stand
was significantly higher (P <C0. 05) than that of the 23-year stand. Fine root biomasses of the 60-year
stand were 1.5 times (D1),1.9 times (D2) and 1.9 times (D3) higher compared to those of the 23-year
stand. (3) There was no significant difference in specific root length and root length density of S. superba
and L. glaber between two stands (P>>0. 05). However, there were significant differences in fine root mor-
phology of C. glauca and other woody roots between the two stands with different forest ages (P<C0. 05).
Specific root length with D3 diameter class in the 60-year stand was 1. 4 times and 1. 3 times of that of the
23-year stand. Compared with the 23-year stand,root length density of C. glauca in the 60-year stand was
increased by 58.36% (D1),41.96% (D2) and 49.57% (D3),respectively. Compared with that of the 23-
year stand,root length density of other woody roots in the 60-year stand was increased by 44.76% (D1)
120.21% (D2) and 111.31% (D3),respectively. (4) There was significant correlations between total fine
root biomass and soil nutrients,and the correlations were different between two stands and among tree spe-
cies. In the 23-year stand, total fine root biomass showed significant or highly significant positive correla-
tions with soil ammonium nitrogen, nitrate nitrogen and soil organic matter. In the 60-year stand, there
were significant or highly significant positive correlations between total fine root biomass and soil ammoni-
um nitrogen,nitrate nitrogen,total phosphorus and soil organic matter. [Conclusion) The total fine root bi-
omass in the 60-year stand without disturbance was significantly higher than that of the 23-year stand with
artificial seeding after clear-cutting, but nutrient shortage was more likely to occur. With the increase of
forest age,C. glauca had better adaptability and competitiveness.
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Table 1 Basic information of two subtropical secondary forests at different ages

WEAHEZEE/ X WAL/

Simpson 3§ %{

i/ a . . 3 Simpson index Ik 1) A W/ () 4K /m
Coverage (¥k « hm %) . A
Forest age . Exposure  Slope position Slope Altitude
of shrub Density of shrub F A Arbor #E A Shrub
60 40 5025 2.01 0.79 ViR SW F1 Middle 17~20 55.7
23 27.5 4 375 1.49 .73 Pidt NW T Bottom 11~22 75.4
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Table 2 Basic information of main tree species in two subtropical secondary forests at different ages

W/ R Bl RO o AR B BR B L/ 2

i/ a F2 i M 42/ em FEIR R /m R/ (m X m) , ; NS
. . . . (B » hm—2) Percentage of main tree species in
Forest age Tree species DBH Mean height Crown width . .
Density the total number of arbor in stands
H X C. glauca 11.94 9.63 2.50X2.80 650
60 KA S. superba 10. 83 9. 30 4.18X3. 34 525 66.17
ik L. glaber 10. 37 8.83 4.97X3.13 500
HX C. glauca 11.60 8. 60 5.89X4., 26 250
23 AKfaf S. superba 11.01 7.43 4.18X3.48 475 86. 82
fikk L. glaber 11.04 8. 60 4.20X3.63 800
F 3 MK 2 AR E G TE R R E RS T R B ARRFE
Table 3 Basic characteristics of soil in two subtropical secondary forests with different ages
TR/ AR T TR Wa KA
Ml /a % w fi§ SR S/ (g kg D) J_*ﬁ’éll{m:’fﬁ/ LB i/ j:g;elmkff“%
Forest age (mg + kg™ ) (mg « kg™ 1) Total phosphorus (g kg ) (ge+cm %) Soil moisture
Ammonium nitrogen  Nitrate nitrogen ) 7 Soil organic matter  Soil bulk density content
60 6.59+0.54 a 3.55+0.38 a 0.31340.011 a 47.524+3.050 a 0.67740.06 a 39.71+4.11 a
23 6.05+0.40 a 6.89+0.97 b 0.36740.023 b 35.712+2.709 b 0.8540.04 b 32.83+3.26 a

T - 5 9 B R AR A [ /NS 5 R R R 28 5 i 3 (P<<0..05)

Note: Different lowercase letters in the same column represent significant difference( P<C0. 05).
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600 A —I—
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g 2 Ab
Re
eyl o Am
ﬁi—: 200 Aab Aa Anp An
T T Bp
Ac | |
0
#KX AR A H i R Bk
C.glauca S.superba L.glaber Other woody roots Total

EHE EARA R RE T 1R IR 2 AR 23 [0 AR )B4 AR 2E 4 B BT I 35 25 53 (P<<0. 05) 5
B AR /NG B 73 ) — AR 3 S [ 3 b 240 AR A ) o B W 35 4 22 57 (P<<0. 05)
Different capital letters represent significant differences in fine root biomass of same tree species between two stands at different forest ages;
Different lowercase letters represent significant differences in fine root biomass of different tree species in same stands
BT 2 SRR PR T TR A AR S 32 B2 R 20 AR A 1 LA
Comparison of fine root biomass of main tree species in two subtropical secondary stands at different ages

KAPR.

Fig. 1
2.2 AEAMRSGEZERBREVENLILE
2 ASBRUS PR S3 F2 S b AS [) 428 5 400 AR A ) o 4
R4 2AMBHRLSTIEMMABERAREVEMNILR
Table 4 Comparison of fine root biomass of main tree species with different diameters in two

subtropical secondary stands at different ages

) Fifr MR/ a MAREY /(g » m?) Fine root biomass
Tree species Forest age D1(>0~<<0.5 mm) D2(>0.5~<1 mm) D3(>1~<2 mm)
W 23 15.27+2.16 Ac 41.35+8. 16 Aa 78.19+ 14,55 Ab
C. glauca 60 27.8143. 04 Ba 62.48--6. 37 Ba 105.17-512. 94 Aa
PN 23 26.47-44. 27 Ab 38. 3845, 08 Aa 56.83£6. 60 Ab
S. superba 60 25.47+3.76 Aab 36.77+5. 20 Ab 66.45-10. 83 Ab
bat 3 23 32.87413.75 Aab 67.20426. 45 Aa 125. 96-£45. 46 Aa
L. glaber 60 18.25-1.78 Bb 51.34=+4. 83 Aab 81.04=+8.09 Aab
JefR 23 9.871.34 Ac 17.36£1. 73 Ab 28.94+3.89 Ac
Other woody roots 60 14.76+1. 68 Be 33.523.55 Be 55.09-6. 41 Be

T« [ 50 B 5 A5 AN ) R 5 o B 7 () — W o 14 200 AR A 0 A 2 A Rl AR 43 18] 22 57t B 3 (P<<0. 05) W R AN [ /N B 7 B R R 6] — A bRk 4 9
S [ AR e T] A AR 2B ) i 25 57 B 3% (P<C0. 05) .,
Note; Different capital letters in the same column represent significant differences in fine root biomass of same tree species between two

stands at different forest ages. Different lowercase letters in the same column represent significant differences in fine root biomass of

different tree species in same stands.

H 2% 4 AP0 7E 2 SRRy b s ) — B b 40 AR A 4
1 Bt 40 AR A2 ) B O, AnAE 23 AR AR ARy
WL X D3 R R ANAR A ) i 43 Bl & D2.D1 B
1.9 F1 5. 1 4%, ARG A 1y o 1Y) 25 5 DR A A R
MR RIS AN ] L 60 4F2E B4 v 35 X D1,D2, D3 42
G0 AR A= W 3 T 23 AR AR AR A A B T

82.1%,51. 1% F1 34. 5% ,{H 145 D1 1 D2 #2440
A Wy 5 A8 2 A K O [ A7 A8 B 35 Pk 22 5 (P <
0.05),1ff D3 72 R AR A Wy it B ¥ 2 K,
By 24w K A RIINTE 2 DA H] 22 57 A %
(P=>0.05) ; f #5032 30 AH S g B0 B 60 45 A Ak
43h D1.D2.D3 48 4 4l 4R AE 4 & 54K T 23 4F A bk
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BREMRAEY R 2 DM ZRH TR EER
(P>0.05), BLAM, 60 484 by 22 4R D1.D2.D3
PR A ) i X 3 T 23 AR AR M4y (P <
0.05) , 4r Bl 23 4F A M4 1. 5.1, 9 FIL. 9%,
My 3 A TR PR ANAR K 4R 1 S R
WAFAE 2 S HHTE 2 DA i R A — 3.
TE 23 AEAE MO A BR T XS R ) AR 2R ) i
2 S RIAE DL ARG, A8k AR 43 32 XY 2. 2
LT A% HE 60 AFEA M, K D2, D3 12 G 4 AR
R EARTR LT M 165, 2R 8%E(P<
0.05), 7E 23 4R A by v, A Bk D3 R R ANAR 4= 9
R EE TH X L6 A RS (2.2 £5),60 4E4:

MR DI AR R AR A= P i 25 (P<<0. 05) IR F 75
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YRR EMT 3 EER A,
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BRI E 2 7. B3R5 ATALTE 2 A har
[Fi] — A o 200 AR 11 B AR B AR R 9 B 347 i 4 AR A% R 1Y
BTN AR 23 AFE AR X DL AR A AR
B EEAR K S D2 f1 D3 2% 4. 3 F1 23. 7 %5, D1 12
AR AR % 2 D2 . D3 124 1.9 Fil 4. 8 £,

RO 2AMBIERATRERDETERMARIEVKAORKEENILE
Table 5 Comparison of specific root length and root length density of main tree species in two
subtropical secondary stands at different ages

] Fefp Wi/ a AR K /(m ¢ g~ 1) Special root length MK /(m +» m™?2) Root length density

Tree Forest D1 D2 D3 D1 D2 D3

specles age (>0~<<0.5mm) (>0.5~<1mm) (>1~<2mm) (>0~<0.5mm) (>0.5~<1 mm) (>1~<2 mm)

H X 23 26.50+1.50 A 6.10+0.43 A 1.124+0.08 A 219.53%+52.09 A 117.04+21.31 A 45.67%8.57 A
C. glauca 60 24.55+1.29 A 5.59+0.32 A 1.614+0.15 B 347.64446.81 B 166.154+19.41 B 68.31£9.92 B

A faf 23 29.57+1.15 A 6.30+0.31 A 1.2740.07 A 406.02459.09 A 126.23+13.50 A 40.92+4.51 A
S. superba 60 33.17+1.86 A 7.371+0.40 A 1.4740.15 A 457.29496.79 A 145.58434.07 A 53.13410.53 A

£ Bk 23 27.81%£2.32 A 5.464+0.47 A 1.1640.24 A 480.72+213.44 A 153.94+44.41 A 82.53£32.15 A
L. glaber 60 29.3941.58 A 6.41+0.40 A 1.46+0.11 A 272.15+37.61 A 178.31+24.59 A 60.84+9.89 A
Z&# Other 23 27.76+1.23 A 6.07+0.31 A 1.2440.08 A 151.98423.79 A 52.39£5.60 A 18.9242.45 A
woody roots g 28.17+1.22 A 6.464+0.28 A 1.60%0.13 B 220.00430.24 A 115.37£16.62 B 39.98+5.02 B

T« [ 50 BOE 5 B AN 7] RS 7 g 327 [7] — A i 1 AR A SRR G 85 BE AR 2 A PRI AR 4 ) 22 55 B 35 (P<C0. 05) .

Note: Different capital letters in the same column represent significant differences in specific root length or root length density of same tree

species between two stands.
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Fig. 2 Correlations between total fine root biomass and soil nutrients in two subtropical secondary stands at different ages
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Table 6 Correlations between total fine root biomass and soil nutrients in
two subtropical secondary stands at different ages
Ml /a i SR SR EXz T A LT
Forest age Tree species Ammonium nitrogen Nitrate nitrogen Total phosphorus Soil organic matter
H X C. glauca 0.085 <20.001* " 0.476 0.012~
23 KA S. superba 0.039* 0. 848 0.159 <0.001*~*
ik L. glaber 0.054 0.236 0.924 0.181
Z& 8 Other woody roots 0.453 0.956 0. 054 <0.001**
#H X C. glauca 0.002"* 0.127 0.001"* 0.001"*
60 KA S. superba 0.323 0.025* <0.001*~* 0.017*
itk L. glaber 0.017" 0. 260 0.053 <0.001" "
% Other woody roots 0.012* 0.058 <0.001** <<0.001**

Heox . WEAKEP<0.05), * * ., & B FH & (P<0.

oL,

Note: * . Significant correlation (P<Z0.05) . % * . Highly significant correlation (P<Z0.01).
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