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Spatial heterogeneity of fine roots and appropriate sampling methods in a

subtropical Chinese fir plantation
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Abstract: Because of its high level of spatial heterogeneity, the fine root biomass of forest ecosystems can be accurately
estimated only by adopting an appropriate sampling strategy. In this study, 100 soil cores each 1 m in length were taken
from randomly distributed locations in a Chinese fir plantation at Sanming, in Fujian Province. Then, the soil cores were
each divided into ten 10 c¢m sections. The cores were then washed with tap water, after which the roots were removed and
separated into two diameter classes (0—1 mm and 1—2 mm). Dead roots and large living roots were discarded. In order to
design a sampling strategy suitable for the study of fine roots in forest ecosystems, we examined the spatial heterogeneity of
the distribution of fine roots of different types ( Chinese fir, undergrowth vegetation, and total fine roots). The minimum
sample sizes required to estimate fine root biomass were also calculated. The coefficient of variation (CV) and the required

sampling sizes for different types of fine root biomass all increased with increasing diameter class (0—1 vs. 1—2 mm). As
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soil depth increased, the fine root biomass per unit ground area decreased in both diameter classes, and their respective CVs
and required sampling sizes increased accordingly. With the exception of the 1—2 mm fine roots of undergrowth vegetation,
which had a CV of 120% for biomass per unit ground area, all fine roots from different diameter classes and different root
types had CVs of biomass per unit ground area consistently between 40%—90%. Meanwhile, the biomass per unit ground
area of 0—2 mm roots of different types was characterized by medium variations. With the exception of 0—1 mm fine-roots
in 0—20 cm and 50—60 cm soil depth, which exhibited medium variations in biomass per unit ground area, all fine roots
of different diameter classes and different root types were characterized by high levels of variation. The total fine roots (0—2
mm ) exhibited high levels of variation in biomass per unit ground area at all soil depths, except for the 0—10 ¢cm and 10—
20 cm depths, where there were medium variations. The Shapiro-Wilk test showed that, among different diameter classes
and root types, only the biomass per unit ground area of the 0—2 mm fine roots of Chinese fir and the total fine roots were
normally distributed; the roots of other diameter classes, soil depths, and types conformed to a noticeably right-skewed
distribution. The minimum sampling sizes were estimated using the Monte Carlo simulation, at a confidence level of 95%
and with a precision level of 80%. To determine the biomass per unit ground area of 0—1 mm, 1—2 mm, and 0—2 mm
roots, 95, 96, and 32 cores were needed for Chinese fir roots, 98, 98, and 63 cores were needed for understory roots, and
93, 93, and 18 cores for the overall roots. To estimate biomass per unit ground area for roots from the top soil layer to the
lowest soil layer (at 10 em intervals), 39, 63, 117, 97, 119, 94, 613, 318, 478, and 532 cores, respectively, were
required for the 0—1 mm fine roots, 97, 168, 207, 302, 219, 333, 769, 598, 722, and 3168 cores, respectively, were
required for the 1—2 mm fine roots, and 38, 59, 103, 125, 120, 123, 382, 262, 432, and 628 cores, respectively, were

required for the 0—2 mm fine roots.

Key Words: mid-subtropics; Chinese fir plantation; fine root biomass; spatial variation; sampling size
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SW25° BHE 30° AV REN 1200 B b, FEINIRE 24.9 cm , FHIRIE 21.4 m. ARHBHHHIREE N £ 5
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Table 1 Statistical characteristics of fine roots biomass of different diameter classfor different type

. mkt R SRR FRRRCwe gy
type class Maximum Minimum Mean deviation Median of variation Kurtosis Sknewness
AR 0—1 352.71 5.86 123.05 76.51 109.63 62.18 0.25 0.84 <0.001
Chinese fir 1—2 408 0 105.12 84.21 74.32 80.11 2.54 1.5 <0.001
0—2 692.99 20.89 228.17 131.58 203.14 57.67 1.43 0.99 0.063
A 0—1 379.72 5.25 82.83 69.95 70.52 84.45 4.35 1.91 <0.001
Undergrowth 1—2 254.06 0 41.32 49.6 27.62 120 5.64 2.12 <0.001
vegetation 0—2 492.69 2.25 124.14 98.6 95.43 79.43 1.93 1.44 <0.001
YR 0—1 489.68 45.91 205.88 100.49 189.89 48.81 0.63 -0.06 <0.001
Total 1—2 448.34 14.42 146.44 93.23 132.84 63.67 1.1 1.22 <0.001
fine root 0—2 948.03 49.48 352.32 161.82 330.9 45.93 0.67 0.68 0.086

FEHFIEIN R, YA R R B CV) <10%J8 55788 M, 10% < CV < 100% )@ 4578 Sk, CV=100% J& 58 728
SN ARG A A AR I A Y R S R BON B AR G (FEEE 0—1 1—2 mm) ARSI SR B
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Fig. 1 Frequency distribution of fine root biomass per unit ground areaof different root diameter class for different type
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Table 2 Statistical characteristics of fine root biomass at different soil depth for the total fine root

%% o o NEZE ARRE
R ol RoME psmE R g PUEREC
. Diameter . o Standard . Coefficient . . P
Soil depth Maximum Minimum Mean L Median C Kurtosis ~ Sknewness
class deviation of variation
0—10 0—1 284.99 0 77.63 50.63 69.86 65.22 3.15 1.37 <0.001
1—2 229.55 0 37.49 39 28.59 104.03 8.7 2.5 <0.001
0—2 364.23 0 115.13 69.13 97.25 60.05 2.58 1.36 <0.001
10—20 0—1 126.83 0 32.6 26.99 25.6 82.79 2.08 1.42 <0.001
1—2 264.36 0 26.18 35.65 16.61 136.17 19.57 3.5 <0.001
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tREem R g m wmr PEE g EEREC e
Soil depth Diameter Maximum Minimum Mean Star.lds.urd Median Coefﬁ.cu?nl Kurtosis ~ Sknewness P
class deviation of variation
0—2 391.18 0 58.77 51.44 54.98 87.53 16.87 3.07 <0.001
20—30 0—1 238.22 0 27.87 31.37 19.9 112.56 23.32 4.1 <0.001
1—2 171.21 0 22.33 33.63 9.99 150.6 7.88 2.64 <0.001
0—2 338.9 0 50.2 53.7 37.12 106.97 11.19 2.91 <0.001
30—40 0—1 88.66 0 16.43 16.54 12.08 100.67 4.47 1.83 <0.001
1—2 255.69 0 18.86 34.57 7.82 183.3 23.96 4.26 <0.001
0—2 275.82 0 35.3 40.02 25.76 113.37 12.91 2.86 <0.001
40—50 0—1 114.5 0 16.58 18.56 11.64 119.94 9.43 2.5 <0.001
1—2 87.8 0 11 17.78 2.01 161.64 6.46 2.38 <0.001
0—2 138.45 0 27.58 30.78 18.34 111.6 3.12 1.75 <0.001
50—60 0—1 62.17 0 13 12.85 9.38 98.86 2.9 1.54 <0.001
1—2 192.61 0 14.6 28.38 4.99 194.36 14.95 3.59 <0.001
0—2 205.61 0 27.6 32.29 18.65 117 9.39 2.61 <0.001
60—70 0—1 174.57 0 7.71 20.11 0 260.99 48.54 6.22 <0.001
1—2 69.2 0 3.75 11.05 0 294.47 15.63 3.72 <0.001
0—2 174.57 0 11.38 23.37 0 205.36 23.84 4.09 <0.001
70—80 0—1 71.74 0 6.65 12.25 0 184.28 8 2.51 <0.001
1—2 59.11 0 4.07 10.44 0 256.35 10.43 3.12 <0.001
0—2 78.83 0 10.64 18 0 169.17 2.86 1.85 <0.001
80—90 0—1 47.18 0 3.71 8.35 0 225.31 9.69 3 <0.001
1—2 127.8 0 7.05 19.85 0 281.56 17.85 3.94 <0.001
0—2 134.22 0 10.62 23.11 0 217.61 9.95 2.96 <0.001
90—100 0—1 52.94 0 3.7 8.78 0 236.97 13.16 34 <0.001
1—2 25.45 0 0.81 3.68 0 452.22 61.39 7.47 <0.001
0—2 99.26 0 5.1 13.42 0 263.14 25.76 4.51 <0.001

322 AL 2R BRI

SRR B GEI TRy 1 R B (R — - J2 S AR Bt 2 3 A 7 8 BURE B 1S 0[] — AR 4 S AR B 1 )2
IR R I (R 3) o TEEAEKT- R 95% KGR 80% KL T ,0—1 mm #2244 3R )2 BIEJZE 73
TEBRE 39 4~ .63 4~ 117 4~ .97 4~ 119 4~ 94 4~ 613 1~ 318 4~ 478 A4~ .532 /7 Al il /& I 52 B [ AR A= )
HT K 5 1—2 mm AR R JZ 3% )2 53 il 75 2 BURE 97 4> (168 1~ . 207 4~ .302 1,219 4>, 333 4~ 769
A~.598 A~ 722 A~ 3168 /> A I A TR AR W o A 5 oK 5 [RTE 0—2 mm A2 20 41 AR DA 3R )2 21 IS 2 HURE 2
HAH18 38 4~ .59 4~ .103 4,125 4~ 120 4~ 123 4~ .382 4~ 262 4~ 432 4~ 628 Al i L E TR (% 3)

£33 5RERFKTES 0%MITHEETARLESARMELE

Table 3 The relationship between probability and sample size for different soil depth at a certain confidence levels and estimated precisions

2% (mm) +J/Z(em) Soil depth
Diameter class 0—10 10—20 20—30 30—40 40—50 50—60 60—70 70—380 80—90 90—100
0—1 39 63 117 97 119 94 613 318 478 532
1—2 97 168 207 302 219 333 769 598 722 3168
0—2 38 59 103 125 120 123 382 262 432 628
4 itig

FI AT AR A= i 25 0] A2 S OB ok Uik = A5 R A AR5t T B2 AL 9 0 PRty B A AR 2R Wi A7
fhit AR SEE AT R AZARN TARPRNAZAR AR AR S AR (A2 AR+ AR AR AR AR 9 A [R] 4 2= B T AR
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Fig. 2 Statistical characteristics of fine root biomass at different soil depth
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