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Diameter frequency distribution for 0—5Smm roots in six mid-subtropical forests

subject to different regeneration approaches

HU Shuangcheng'®, XIONG Decheng'>* | HUANG Jinxue'?, WANG Weiwei'”>, HUANG Chaochao'”, DENG
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Abstract; Diameter is an important structural trait for root systems, with roots of different thickness havings different
physiological functions. Root length is a significant index of root function, while root diameter frequency distribution
provides useful information. Thus, studies on the characteristics of root diameter frequency distribution

enhance our understanding about the root exploitation strategy for soil resources in different plant or forest systems, as
well as the interaction between roots and the soil environment, allowing us to model projections. Using the soil coring
method, the diameter frequency distribution characteristics of roots ( <5 mm in diameter) in six forests was determined
using different regeneration approaches. The forests included: the nature forest of Castanopsis carlesit (NF) , the secondary

forest of C. carlesii through natural regeneration (NR) , the secondary forest of C. carlesii through natural regeneration with
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anthropogenic promotion ( AR ), the C. carlesii plantation ( CC), the Pinus massoniana plantation (PM), and the
Cunninghamia lanceolata plantation (CL) , in Sanming, Fujian Province. Because it is different to differentiate between the
roots of different species, the study was conducted at the community level. There were three main conclusions in this study.
First, root length density (RLD) and root biomass density (RBD) for all the three diameter ranges ( <1 mm, <2 mm,
and <5 mm) decreased from NF, NR, AR, to CC. Out of the three plantations, the highest RLD and RBD wereobtained
in CC, while the lowest RLD and RBD was obtained in PM. Second, out of roots with 0—5mm diameter, 87%—98% and
65%—88% were represented by 0—2 mm and 0—1 mm diameter roots, respectively. The roots of NF, CC, and CL had
the similar root diameter frequency distributions, with a maximum frequency of 0.7 mm diameter. The root diameter
frequency distribution of AR, NR, and PM was also similar, with a maximum frequency of 0.3mm diameter. The root
diameter frequency distribution for all six stands was unimodal, and fitted well with the cumulative lognormal distribution
function, with the determination coefficient R* being above 0.99 for all stands. Third, the fitting parameters of W and ¢ in
the cumulative lognormal distribution function represented different foraging strategies for soil resources in different stands.
w and o were strongly negatively correlated, which showed a trade-off in the fine root resource acquisition strategy. With the
increasing tree species diversity, w tends to be smaller, while o tends to be larger, reflecting the growing competition for
nutrition and water among the roots of different trees species. w and o were distinctly different among different plantation
tree species, showing differences in the exploitation strategy for soil resources among plantation tree species. In conclusion,
the cumulative lognormal distribution function well reflects stand level root diameter frequency distribution, in addition to

root exploitation strategies for soil resources.

Key Words: forest; fine root; root length; diameter frequency distribution; exploitation strategy for soil resources; log—

normal distribution
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X R TAPIFERREE KRR RATTE, IR X2 PR B AR R AT BAK X
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Table 1 Main stand characteristic and top soil (0-20 cm) properties in the six studied stands

M2 Stand type NF NR AR cC CL PM
Z545 ¥ Longitude and Latitude 26°11' N, 26°19' N, 26°19' N, 26°09' N, 26°19' N, 26°19' N,
117°28' E 117°36' E 117°36' E 117°28' E 117°36' E 117°36' E
TR Altitude /m 315 330 335 305 301 313
Wi Slope/(°) 35 40 38 35 30 38
TE BT ]/ a ~200 35 35 38 36 36
X /m 11.9 10.8 13.7 14.2 18.2 18.3
¥R/ em 20 12.2 16.8 16.6 15.6 18.3
AP BE/ (Kk/hm?) 1955 3788 2158 2042 2858 1500
Shannon-Wiener 1§ %1 2.23 1.24 1.01 0.62 0.62 0.61
Simpson 154X 0.81 0.60 0.36 0.23 0.22 0.26
Pielou %5 0.57 0.41 0.30 0.19 0.19 0.23
HHLRA#E R/ (/hm?) 75.67 58.38 50.14 56.27 51.76 50.84
TN/ (g/kg) 1.34 1.12 0.98 1.02 0.6 0.8
TP/ (g/kg) 0.39 0.45 0.34 0.37 0.52 0.35

NF. KAERKIRIK Nature forest of Castanopsis carlesii; NR KA R ER T B bk Secondary forest of Castanopsis carlesii through natural regeneration;
AR KAt AR AR Secondary forest of Castanopsis carlesii through natural regeneration with anthropogenic promotion; CC: KA AN T MK Castanopsis
carlesii plantation; PM; B3 BAA N TAHK Pinus massoniana plantation; CL; F2AR N T M Cunninghamia lanceolata plantation; J& B[] formation time;
SEHIRE Mean tree heigh; “F3J 1% Mean tree diameter at breast height; #K43% B Stand density; Shannon-Wiener $8 %{ Shannon-Wiener index;
Simpson 8% Simpson index; Pielou ¥§%X Pielou index; £ HLE& i Soil organic carbon reserve; TN: 4% Total nitrogen; TP 4:#f Total phosphorus
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AT B (BP 0—0.2 mm 0.2—0.4 mm------4.6—4.8 mm . =4.8 mm) , AU ASFIARHE 2 10 B AR M40 10
1.3 HdEab

FIF SPSS 17. 0 BAXTEHRIATEE 00T, SRS 207 22 90 W Al e/ B 3 2580 (LSD) K 36 & 42 4
TEL PRI AN [ B o R A 230 R A e 2 P ) 22 5, B B MK R E A = 0.05, SR A ARk [l U3 rp A X 50 25
A4 ZAE%L (CDF log-normal )
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KA R SR BRE KA R R T AR KA AR BB AR KA N TR AR PR FIAZ KWK 331 R . 87.8% . 83.3%
65.0% .81.3% .79.3% 81.8% 1 97.7% 92.8% .87.2% 94.8% 92.6% 95.3% , % ¥iH] 0—2 mm, 455 & 0—1
mm AARAE SR B B o F A BRI, KA R SR MRS KAt SR TEBTAR KAt AR BB AR KA N Tk
Ly AARFIAZ AR R4S AR5 0—2 mm HHAR A= £ %% B 09 LB 5 0—5 mm 20 AR AR 49 45 % B 53 331 R 60.4% |
48.0% ,48.7% ,64.0% ,49.4% Fl1 58.5% ., MAKAHRIRIR KAl KARTHAR SKAE AL BRTAR SRR A TAK, =4~
TG T (R R A 288 RIA A A 2 P 30 Wb 25 BRI, SR W B A TR R B (R 15 I, AR A6 7™ I B A, 7E = Fib
N TR, DIAZ BRI AR 58 3 R AR 40 o 5 e T R A PR ) R 36 32 R 2 0 i 2 B WU B/ N

6 PRA3H KA R IR AR K 25 BEAE 3 NRGGE BN, A8 S e m 2 5 W3 . AR A
Pyt % BEAE 0—1mm Fl 0—2mm ARG BN 5 H B ) 22 7 0 2 H B & PR 45 AR 9] 56 TR 25 B2 RN
Y EEEN2E TR 2,

F2 6 MK REARRIRRHIRKEE (RLD) LB E (RBD)
Table 2 the RLD and RBD of different diameter roots in the six stands

o2y RLD(m/m*) RBD(g/m?)

Forest type 0—1mm 0—2mm 0—>5mm 0—Imm 0—2mm 0—5mm
NF 6238+92h 6958+91b 7125+61b 201+18b 448+4h 741£11ab
NR 3498+46¢ 3898+83c¢ 4199+83c 214x4b 440+ 16b 915+20a
AR 2524+20d 3383+51c 3882+80c 137+5¢ 305+ 16¢ 626+33b
cC 1954+ 71de 2280+90d 2404+92d 102+5¢d 221+26¢d 345+ 15¢
PM 1482+25¢ 1731+30d 1869+24d 76+5d 164+8d 333%15¢
CL 7482+70a 8719+104a 9146+74a 273+10a 539+15a 921+12a

[Rl—ZNAHFE /NG F R R R T 225 (P > 0.05) 5 NF: KA§ KIXMK Nature forest of Castanopsis carlesii; NR: KA TR B Hr bk
Secondary forest of Castanopsis carlesii through natural regeneration; AR: K Aiff A {2 B #7 #k Secondary forest of Castanopsis carlesii through natural
regeneration with anthropogenic promotion; CC; k& A\ THK Castanopsis carlesii plantation; PM: 2 Hs A T K Pinus massoniana plantation; CL; FZA
NTAH Cunninghamia lanceolata plantation; RLD; AR Root length density; RBD; R4z H % Root biomass density

2.2 REREBRI

M1 AT DU AR R IR AR 3 2 N AR AN IR 02 2 T AR RIAR 3 (R Bl R IR BR KA R IR T
R KA AR BHTAR) | IS B — TR AR FPAR 2 CREEN TAR AR N TR S RSN TAK) PR KR &
BELARSIR A AG 1 2 B  0 HUE RS A . 0—5 mm ELARAIAR AR K o3 A R EAE P F 0—2 mm EARTERIN, 6 Ff
MO AARTE 2 mm EARAL ) BBUIURBRAME R AR I 95% 40, How 5 B kar 34383 95% LA I, it nl L&
H, < 2 mm ZUARAY REMKAE 0—5 mm BRI A 4axd Oeds, ik b L 0—1mm ELARE Y SR
BRI KA R IRAR KA R IR TR Kb A2 SRR OKRBEN TAR A2 AR N TAR S A TAR0—1 mm H
12706 Bl BREUIREIAE 70% L) F 53508 74.7% 77.9% 81.3% 75.9% 714.7% 1 78.9%

KAHERIRBR KBEN TAREL RAZARN TAR = E R A ELAR S A AL, BIE ELAR 0.7 mm AMRK HEE ok
T AR A BB AR Kl R SR BH AR 5 B M N AR =& (AR R BRI A IR B AR, 2976 0.3 mm B ARAL
PR L E AR R (K1)
2.3 RBUSRI BN IS

KX BUE 257041 BRI Z 3 4 B ( CDF log-normal ) % 6 FAKZ37E 0—5 mm EA2 T Bl P BLAR AR 73
A BAICRIEAT B0 G R B (3 2) , g 250 R*H5A5 0.99 LB 600 % s B0 IR I 405 AR B 5%
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Fig. 1 The root diameter frequency, the cumulative frequency and the fitted curve in the six stands
(a) NF; KA K SEMK Nature forest of Castanopsis carlesii; (b) NR: KA KK T B Ak Secondary forest of Castanopsis carlesii through natural
regeneration; (c¢) AR: HA# AMEEHi MK Secondary forest of Castanopsis carlesii through natural regeneration with anthropogenic promotion; (d) CC:
Kt N THK Castanopsis carlesii plantation; (e) PM: ZEH AN TAHK Pinus massoniana plantation; (f) CL: A NTHK Cunninghamia lanceolata

plantation

HE 2 AT LUE 1, 6 FobRsr i w (B o (652 RAFIZ MR ¢, R? =0.8787 ,p=0.006, i p {H
/N o ELRIN: Sz BRAE 0 B8O 25 0 A SR ARS8 00410 pR S0 B 1 90 s AR R AR 0 A1 B8 2 (1 4 rh FE AR S/ 1N
AR, HILER K, BEE w (E3E K o (BN, R R0 ATE L T TR /N AR, X % W
XA SR BB ARG D R AR AL AR F AR R TR IR AR IBOR S T REAEAE A — AU A, B w (5 AT o {ELER B
[G] A5k S Bl AR 2R G VR AR A7 (scale) S5 4 (precision ) Z A AL AE 4L o[BI, MOZAUg s gk n] DIAR
U AN R AR O3 A AR R 250 00 S EE AR R B 7 43 A BRI 1Y) 22 5, BIOKA AR BRI AR R Ak 9K SR R
LA N TARECARLL , KA R IR KA N TARFIAZ AR N TR .
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WIRU, A5 PG 6 RN [R] SR T sURRAR 0—Smm AR AR ARSI A1 7

R3 6MHLH pE. cERERME

3 e
Table 3 The value of ., o and R? for the six stands
3.1 MR IHR R BRI BEER  wm e
TER MK |, — BB R B AR 25 pmameten
%ﬁ}ﬂﬁ%%iﬂ@gﬂﬁ;ﬁ,Hﬁ:éxﬂ-ﬁﬁj&ﬁ}’ﬁ[]ﬂO z'gﬁﬂ: n 0.596 0.418 0.380 0.561 0.442 0.652
GERI AEMSRIE L AR 10 T GRS T R voos 099 09 0o9s 0999 0oos

WA A3 A1, FFIRRE I BOE S M Rl & . AR
B FEIN I AR A3 LA 20 A AT I AT 2L 52 X 7
A3 EFATT R BLAEAR 3 RUBE b 300 o XL 280 43 A O A
B ke R o AR RUBE B il R 40 AR AR A0 )

NF: KA KSR Nature forest of Castanopsis carlesii; NR: Khf
PN Secondary forest of Castanopsis carlesii through natural
regeneration; AR KA A€ B H M Secondary forest of Castanopsis
carlesii through natural regeneration with anthropogenic promotion; CC:

Kbt N T MK Castanopsis carlesii plantation; PM: A AN T K Pinus

massoniana  plantation;  CL: ¥ oK A T & Cunninghamia

ARt TG, BT RAR ERBIRIAES TRA
LM S IIREAR Z 07 A R 8, AR AR Y AR )
Ais ML ASRFAE AN 23 SORF A8 55 I B AR R AR o A I 10

lanceolata plantation

AR
MR 507 BT BRG0P A R M R L5y 09 2
1 XTI B MR R AR S 08 Y N
o 5E etk I AN - SR IRE Rk p e N DL S AR S R ;TE 0.7 y=-1.1568x+ 13775 CC
GO [ A 4 T BRI g os 0 e
SPHE A 404 ERUMI BT A S5 (o (5 o zj

{ED) P ARG A8 75 A 28 09 00 S R RIS 23 R S A
JRA] SR ZR SR N ARG 2 iR o A o
{8, e 7R R BA S MR R RV R A R T
filf- £ F JE (herringbone ) B3 SZ 4544 5 TR B w (EL ALY
o {8, R R BA KRR FME B, 73 345 31 BEPLEY
AR = 53 4584 ((dichotomous ) o AR A4 43 S 45 F4 1T LA i L 3% 43 AR BRI 5% 4l Bouma 267 (9T
B ik 0B 2 00 SRR R 3 O R SOSCR B vy, BB B A BT R IR 5% 2 B iy, XA 37 00 e 118 H I rhr ] o
Tegr ERYPLH . SR, — o3 SCAS I RT ARG B R -3 5 I s () R T 7, 76 - 38837 03 i = 1) A= 356 7T LA R
segr RO

ABFFE R IR , FPEOE S 5340 BB R w (B o (A2 IR G0 R ¢, 2B Ph IR 128 1k, 32 I
PIASZH0n] BE S e 1 AR 2R BEUEUR SRS A8 — AUl . 3k vl BB 5 —Se PS8 48 1 AR 2R ORI R A AR AL
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