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Spatial heterogeneity of fine roots in a subtropical evergreen broad-leaved forest

and their sampling strategy based on soil coring method
HUANG Chaochao'*, HUANG Jinxue'*, XIONG Decheng'?, LU Zhengli'>, WANG Weiwei'”*, YANG Zhijie'*,

CHEN Guangshui'?
1 State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China
2 Institute of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China

Abstract: Fine roots, commonly defined as roots <2 mm in diameter, play an important role in nutrient cycle and energy
flow in forest ecosystems.Tree fine roots are highly spatially heterogeneous, so only a large number of samples can be valid
to study such heterogeneity. However, the minimum sample numbers and the proper sampling strategy is unknown yet, which
results in uncertainties in fine-root studies.In this paper, by using the soil core sampling method, 96 soil cores were taken
randomly in a subtropical evergreen broad-leaved forest located at Sanming, Fujian Province.Every soil core was divided into
four parts according to soil depth; 0—10 ¢cm, 10—20 c¢cm, 20—40 cm, and 40—60 cm.Fine roots in different soil depth
were washed and picked, and was further separated into different diameter classes of 0—1 mm and 1—2 mm.Fine roots
were then scanned for measurement of morphological characteristics, and oven and weighed for biomass.The objectives of
this research were to; (1) understand the spatial heterogeneity of fine root biomass and morphological characteristics; (2)
estimate the sample sizes required for getting various fine root characteristic values.The results showed that, as diameter
class increases, the coefficient of variation (CV') of fine root variables increases, and the required sampling sizes increase
accordingly.The CVs for fine-root biomass, length and surface area per unit ground area of different diameter classes were

unanimously between 40%—60%. At the same time, fine-root biomass, length and surface area at per unit ground area
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declined with the increases of fine root diameter class. With the increases of soil depth, fine-root biomass of different
diameter classes per unit ground area decreased, and their CVs increased, while the required sampling sizes increased
accordingly. Except for fine-root biomass of 0—1 mm per unit ground area in the surface soil which had a CV of 48.61%,
the rest of fine roots from different diameter classes and soil depths had CVs of biomass per unit ground area consistently
between 80%—90%.Under the condition with confidence level of 98% and precision of 80% , for fine roots of 0—1 mm
and 1—2 mm, collecting 16 and 42 cores can meet the determination for fine root biomass per unit ground area, 17 and 31
cores for fine root length per unit ground area, and 25 and 33 cores for fine root surface area per unit ground area,
respectively. By comparison, most reported root studies using soil coring were insufficient sampling sizes.The Shapiro-Wilk
test showed that among different diameter classes, only fine-root biomass per unit ground area of 0—1 mm conforms to the
normal distribution; among different soil depths, only fine-root biomass per unit ground area of 0—1 mm in the surface soil
conforms to normal distribution.Thus, for field data on fine-root biomass and morphology by soil coring, data transformation
were generally required to meet normality.These results provided a scientific basis for minimum sampling sizes and sampling
strategy in subtropical evergreen broad-leaved forest and are therefore helpful to belowground studies.More studies should be

conducted to further determine factors affecting the minimum sampling size of soil coring.

Key Words: evergreen broad-leaved forest; fine roots; sampling size; soil coring; spatial heterogeneity; subtropical
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Table 1 Statistical characteristics of fine roots of different diameter class in a subtropical evergreen broad-leaved forest

- "R’/ T2 B RZE %

i B/ gy PEECpw pw EA® o

. . Diameter Standard . . Coefficient .

Fine root variable Mean L Minimum Maximum L Distribution
class deviation of variation

BT RV R (g/m?) 0—1 187.66 76.93 41.08 347.24 40.99 1EZS Normal

Biomass per unit ground area 1—2 119.70 79.07 11.81 384.80 66.05 JEIEZ Non-normal

PR/ (m/m?) 0—1 172.36 72.46 54.73 495.89 42.04 3F1E 2 Non-normal

Length per unit ground area 1—2 17.20 9.74 1.99 49.712 56.63 JEIEZ Non-normal

BN BRI RY (em?/m?) 0—1 315.04 161.80 79.70 1052.45 51.36 3F1E 2 Non-normal

Surface area per unit ground area 1—2 72.52 42.46 10.80 200.78 58.55 JEIEZ Non-normal

A AS T YR 5 RO, FE AR M A AR BRI 23 [8) S R M R4 | AR AR R B P S5 R AR S L R R AR G AN AR P37 T
By KEMRMA T REEAR— B 40%—66% 2 18], BB R R A, % AR 0728 7 R B R R R s (%
1), SRS R, HA 0—1 mm 40AR A9 AL BUE W RAF & IS0, ML BRI AT & IES S (R D),
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Fig.2 Frequency distribution of fine root length per unit ground area for different root diameter class
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Fig.3 Frequency distribution of fine root surface area per unit ground area for different root diameter class
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Shapiro-Wilk 16504210, FUAT #2248 0— 1 mm RS o RV B0 WA & T4 500, SUAR I RVER AR A 6 T BUE 4 it
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Table 2 Statistical characteristics of fine root biomass at different soil depth in a subtropical evergreen broad-leaved forest

bRl REFS

HRTR T +2 /em 24/ mm AT /M [N ] TR AS R
. . . . Standard i . Coefficient e
Fine root variable Soil depth Diameter class Mean . Minimum Maximum . Distribution
deviation of variation
BT EARA PR/ (g/m?) 0—10 0—1 107.41 52.21 18.78 233.56 48.61 1EZ4 Normal
Biomass per unit 1—2 68.41 57.42 2.80 358.61 83.93 JEIEZ Non-normal
ground area 10—20 0—1 37.47 30.20 0.99 214.94 80.59 4l IEZ4 Non-normal
1—2 42.93 34.56 2.20 129.60 80.51 4l IE4 Non-normal
20—40 0—1 33.29 27.01 1.65 127.96 81.14 4 IEZS Non-normal
1—2 31.52 27.53 2.14 108.46 87.34 4l IEA Non-normal
40—60 0—1 21.04 22.12 0.38 105.44 105.13 4l IE4 Non-normal
1—2 43.78 58.81 1.92 251.46 134.32 4 IEA Non-normal

32 AARECRERCE AT
321 ARFEEYARBOE SR AT

CREAR S N AR AE R R WY TEAR R A9 B AR AP RS THRS LR, AR SRR AR AR 25 65k DRI [) AR i s FAS [R) AR AR G T A
FRIXA, BEE AN, 4548 Bk R 0 BBORE RS 188 5 57 A1, A 7K ST RO RS Rt o | 4548 b 7 2 14 BBURE 50t e 7 3
(&3,

®3 —EEFAESHETHHEETHARERAERNEHSE

Table 3 Required sample sizes for different root diameter class at various confidence levels and estimated precisions

MiiKEE (95% B A5 KF) FEFHKG 1 (909 B 5 7K )

HHRTEPR A%/ mm Estimated precisions Estimated precisions
Fine root variable Diameter class (at 95% confidence levels) (at 90% confidence levels)

95% 90% 80% 95% 90% 80%
AR A i/ (o/m?) 0—1 258 65 16 182 45 11
Biomass per unit ground area 1—2 670 168 42 472 118 30
BN B/ (m/m?) 0—1 272 68 17 191 48 12
Length per unit ground area 1—2 493 123 31 347 87 22
BN R EBY (em®/m?) 0—1 405 101 25 285 71 18
Surface area per unit ground area 1—2 527 132 33 371 93 23

2 B HURE R (5 AL 3 T A B 2 ] AU , DA Ry AR BRURE SR PR LR /K 95% K BE Dl 80% MR A48 i LU AR B . AT,
TEZEEACE ARG EESR T 2% 518 0—1 mm Al 1—2 mm BOAHHR , SR 16 F 42 ANEE AT L 2 30 5 B A7 i R AR 4 B
SRR 17 131 AR ST LA F 0 B T R B R SR AR 25 1 33 MR T LA SR B I AR R TR (R 3)
322 R[E L Z4MRBE SR Al

ZREARE R NIRRT LR AR YR BRI 25 R W] 12N, A8 N i R e s 7 [F — 2 B
BRI K MRBEECRIS 2 53 56 BAR KR TR B R s R R 12 75 ZE R BORE S R A B i (R 4) , 7
BEAGIKTH 95% K5 EEH 80% T, M2 0—1 mm ANAR HLA7 FT AR AW i ,0—10 em [ AT HURE 23 A4, {0 40—60 em N T HUEE 106 4,
IRBRESET KT A S f5(F£4),

4 it

REMFRERFZW, NEAERIE FERRA/NUE B, RBTEKTJ7 m B2 AE T 15 ) b, H AR R IR BN &)
2 SRR PR B MR R AR s ) S o 7 A 1 DR AT R o B S AR 1 s 1A S T, A AR A3 S R A v 2
AL SR IR S RS 2 SR AN AR A S T A E A —E RS R R TE 10 Y 23 ()
ST T A SR B AZ RN R KA R SRR (N FRAr KA e B R (IR FLBRE ) SRR R Y ARSI A
SAUESE T MR G R R AR A A 5 B Y 2 ) S B MR (1,3 2) .

TEANR AT A AEAE 25 8] (KPR AR B ) Se BRI 5514, S sRAS X AR T 4 - S (E 1 AT S Aot , TR 225 IR BFAN AR 1) &
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PRICRERCR: . 6 T AR IBORE S 10 5, HRTIFIRAR D . Metcalfe %5112 Xof 40 TR ARBIF 58 % TR, 76 815 /K 0 95% AhiTHKG By
90% HY LT, AR (<2 mm) 75 R IURERIC N 44 11, T SEBRICREBCRE A 1322, 165 Metcalfe 250 MR B9 8 A5 K SE Al 114
BEFAET A S AUAR SR I BUVE P i ARSI B A U R - HARSR 0—1 mm A AIAR T BURE 65 4>, HARF 1—2 mm
MIANFR T IURE 168 4~ (36 3) , MHELZ T, ARBE P IT R MBS T 2 IR T RES R A Z R A L, SRAMMEEER N
4.05 cm, ML Metcalfe 2572 ABFSE TR B A HA2 (14 om) B/MRZ . — BT, A EARBOK , BRI (W AR B 22 | I (4 B
BEBCRR D R Al B AR N IT T A BORE R R A 221 B IBORE B3 i A2 BORE PR B B2 i 7 (W1 BE, th mT i 5 bR A 28 0 O,
Metcalfe %" 75 (0 S AR RAR , A 5 2 S0 30T JCER 5 S W 6K, AR [0 40 A6 2 248 1R SHL AR ol 4L i b 445 0 0 - 9 LA e J 6
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Table 4 Required sample sizes for different soil depth at various confidence levels and estimated precisions

o RS BE (95% B AR K F) RS BE (90% B AR K F )
AARFE T +J2/cm S mm Estimated precisions Estimated precisions
Fine root variable Soil depth DI:I‘:::“ (at 95% confidence levels) (at 90% confidence levels)
95% 90% 80% 95% 90% 80%
WA Y R (g/m?) 0—10 0—1 363 91 23 256 64 16
Biomass per unit 1—2 1082 271 68 762 191 48
ground area 10—20 0—1 998 249 62 703 176 44
1—2 996 249 62 701 175 44
20—40 0—1 1012 253 63 712 178 45
1—2 1172 293 73 826 206 52
40—60 0—1 1698 425 106 1196 299 75
1—2 2773 693 173 1953 488 122

SRR (1) BEEARGIGIN , AR AR AR AL S 3 R AL B BORERCRE R N (3% 1,36 3) o X AT RER P AR 2/ RO AR )
MR 73 TR B S B R, DRI 28 HUA T 0 o 0 b J s [ 3 A AR e 4 2 5 AR SR i AR 2 28 S A A, 2
Ay L AT RE SR v TR RS (7 F A Rl PRI TS 82 18] S M, (2) B SR BE 1 o, 5457 T AR A AR A ) A S o R 0
I RS P OB Bt SR AN (3 2,36 4) o ORI R HEFR 4y AR h7ESRZ L NI AR AR R A vh e LR E
AR TR )= 4, 32 AR A 24 50 5 RS2 4 b A 20 AR A B R 85/, T ELAZ R AR AR RN AR A R BE BT
NE T JRR RIS AR, P EUR R SRR A Y R S RO IR, BT A SRR, TR0 AN AR BURE B I,
FEIT 5 EAN TR AR A - 2 AR X HORE B ZOR A 25 5

ARBSE , BRI R 96 A, TE QIR M BURE S i T, Shapiro-Wilk #5352, HA 0—1 mm ZIAR 1 507 AV H) A A IE S
OMAR T E R PR G IS0 s A HEA ] L2, A R 2 AR 0—1 mm (1 A AR LA T AR A i 75 45 IE 2
G, Ay SRR AR B S TR AR A i R A 5 TEAS A0 A0 (61,38 2) o PhaBIRAE ™ X i AA Al R 2 )2 PO AR ( <2 mim)
AR, Y UREHCE Sy 82 I AR A P A A BLIEZS A0 . TR/ S s FORE RS A AR A3 S BEALIR 5t 41 4>
FT40 A~ Z5 2R A BPT AR M AR (<2 mm) AR B AN R IEAS 0 A, AR X A AR IE 25 70 A (Rl 2 AR BRI AR ) 7T g
ARHLARHR B AR BEAL M AT 5% | RIVRT BESZ BB A /NI 45 DR 3R A S T2 B0k — s AL A - phy T AR A A RE AL
PR RFSNBURE IR | WA 252 AT S A A TS A A A LR A REARAT AT IS BOREAS . TEARBFFE P, 0—1 mm HYZHHLAR LL
1—2 mm (ARS8 73 o 46 3 2 (] [ I3 2 4R AR HL R = AR e A SE X 2 OF BRSO R 22, N IR = i 90N
0—1 mm AR A S G BN ES A, WFFERI], AR RO TS 00T | AR AR W 0 A1 A 2 52 IR TE 00 A i R 20
FEPE/NBORE R (30 LR BrafAs O A0AR A= W) AR A AN BE W R 1E A0 A0 B ZER , PRMTAR G ZEAEAR DY B9 IE 856 e . 5K 0—1 mm
A2 AR A PR T AR )k B T AT (B B A7 T AR A AR T AR 20 WU 52 A Al A, IO AN IE SO0 A . X5 AR
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