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The estimate of root biomass in upper soil layer of Fraxinus mandshurica

plantation by geostatistics method

SUN Zhi-Hu, WANG Qing—Cheng (Forestry College, Northeast Forestry University, Harbin 150040, China). Acta Ecologica
Sinica,2005,25(4) ;923~930.

Abstract ; Semivariance analysis of Geostatistics was employed in the quantitative study of the spatial heterogeneity of root
biomass in upper layer of soil under 14-year-old Fraxinus mandshurica plantation stand. The method used for the estimation of
the root biomass was kriging interpolation of Geostatistics and definite integral. The results showed that (1) the
semivariograms of fine root (< 2mm), coarse root (==>2mm) and living root of Fraxinus mandshurica and total root biomass
were best described by spherical model, while that of living root of other plant species, and the dead root of Fraxinus
mandshurica and other plant species, submited exponential model and linear model, respectively. The spatial variability of dead
root of Fraxinus mandshurica and other plant species was primarily the result from random factors, while that of fine root,
coarse root and living root of Fraxinus mandshurica, living root of other plant species, and total root was mainly caused by
structural factors. The spatial heterogeneity degree of those indices induced by structural factor was moderate (with spatial
structural ratio between 25% and 75%). The scale of spatial heterogeneity in coarse root of Frazxinus mandshurica was 13. 2
m. That of fine root and living root of Fraxinus mandshurica, total root and living root of other plant species was greater than

33. 9 m. Estimation from the parameter of theoretical models indicated that the scale of spatial heterogeneity in fine root and
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living root of Fraxinus mandshurica, as well as total root was 61m, and that of living root of other plant species was 183 m.
(2) The t-test of pair samples showed that the kriging interpolation, based on the results of semivariance analysis, could be
used to estimate the root biomass on every location in Fraxinus mandshurica plantation stand. The relationship between those
estimated root biomass and the values of its corresponding coordinates was best fitted by bivariate order 10 cosine series
polynomial. Based on the result of definite integral to those polynomials (integral range was limited to plot size), the total root
biomass of the stand was 1.5926 t/hm?®; the fine root biomass, the coarse root biomass, and the living root of Fraxinus
mandshurica was 0. 6865, 0.1913, 0. 9105 t/hm?, respectively; the dead root of Fraxinus mandshurica and other plant species
was 0. 3303 t/hm?*, the living root of other plant species was 0.2127 t/hm®. Using the kriging interpolation method of
Geostatistics » combined with multiple regression and definite integral, provide a new optimal alternative for the estimation of
root biomass in Fraxinus mandshurica plantation stand.

Key words ;: Fraxinus mandshurica; root biomass; geostatistics; semivariance; heterogeneity; estimate
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Table 1 Descriptive statistics of root mass in soil surface layer (0~ 10cm)
B axm P RME RAE WWE kR ME  RE  ERAK K-S
Mean Min. Max. N Stand. dev. Kurt. Skew. Co(%) K-S value
7K A 4 AR FRA (< 2mm) 72. 56 7. 39 130. 83 81 29. 00 ~0.4298 —0.1723  39.97 0. 0490
A i HE AR CRA (Z=2mm) 33.77 0 168. 28 54 - 37.61 3. 3177 1.8556  111.37 0. 2168*
K EMETE R LRA 95. 08 7. 39 257. 45 81 45. 54 1. 4217 0. 766 47. 90 0.1147
HETHEYIER LROP 35.57 0 532. 23 81 64. 99 43. 3964 5.9415  182.71  0.2921**
Kl R EHEYIEMR DRAOP  37. 63 0 88. 15 81 18. 40 0. 1331 0.5916  48.90 0.1541"
+ &M TRS 162. 5 48. 41 317. 96 80 52. 56 0. 3288 0.2659  32.34 0. 0687
K HPHAR Y CRA 2. 89 0 5.13 54 1. 38 0.3136 —0.8563  47.754  0.1425
HERYERC LROP 2. 83 0 6. 28 81 1. 32 0.1368 —0.3953  46.644  0.0696
KR e YIRS 5. 90 0 9. 39 81  1.68 2.5646 —0.8123  28.474  0.1003

DRAOP

* o % % PHIRR a=0.05 M «=0.01 KF L, JEETHAH; OFRFTEM 1 EHTERMBEHRNHEGR:; OFHFBREBRENSGR; FRA
fine root of ash; CRA coarse root of ash; LRA living root of ash; LROP living root of other plants; DRAOP death root of ash and other

plants; TRS total root in soil; * and * * are normal distribution at a=0. 05 and a=0. 01 levels, respectively; (I represents the result of

napierian logarithm transformation of original data plus 1; @ represents the result of square-root transformation
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Fig. 2 The semivariogram of root mass in soil surface layer (0~10¢m)of pure ash stand
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Table 2 The result of semivariance analysis for root mass in soil surface layer (0~10cm)
=35 é:lg 3 2
R*E;Eﬂ l\;ﬁ;ﬂ [ Nﬁﬁ{ﬁc S'%f{—% C Ran?gi pfaﬁeter Propt?rlt:?on iﬁif’tif ;‘ {El*
oot type ode ugget o e ag C/(Co+C) determination vatue
KB AR FRA KR 511 1934 61.0 0. 736 0. 68 17.16
(< 2mm)
KB BIELAR CRA BROR 0. 87 2,36 13. 2 0. 630 0. 48 7.47
(=2mm)
K EIER LRA HAR 1220 4736 61.0 0. 742 0. 70 18. 23
HTEHYER LROP 5 B 1. 345 4. 098 61. 0 0.672 0. 35 4. 25
K B B B E Y FE R
DRAOP 28 ¥ 2. 64 2. 64 25.5 0O 0. 64 13. 98
+HE LS TRS BK R 1700 5916 61. 0 0.713 0. 74 22.53

¥ Fo.05(1,8)=5.32, Fo.01(1,8)=11.26; FRA fine root of ash; CRA coarse root of ash; LRA living root of ash; LROP living root

of other plant; DRAOP death root of ash and other plant; TRS total root in soil

X3 KEWEREEO~10Ccm)RBXHMESTERHMEZANLLE (n=37)
Table 3 The comparison of original data and estimate for root mass in soil surface layer(Oincm)
) S8 Real data(g/m?) f4 W& Estimate(g/m?) T
HRR - 1 R E g RE 1w -1y PR E BEEKFE
Mean Std. dev. Kurt. Skew. Mean Std. dev.
7K Bh i 4848 FRA (< 2mm) 30. 47 46. 44 11. 37 2. 99 17. 32 7.7 0. 1090
K B CRA(Z=2mm) 58. 03 29. 70 ' 16. 03 3. 39 72. 64 2. 82 0. 0560
K& LRA | 88. 49 58. 67 7. 10 2. 37 102. 92 6. 85 0. 1520
LEHEYIER LROP 29. 95 60. 22 16. 93 3. 87 19. 00 1. 32 0. 2761
ﬂcmmm;& Y5 DRAOP 32. 79 19. 42 6. 83 1. 97 28. 58 0. 50 0. 1981
TS TRS 151. 2 77. 11 3.71 1. 78 158. 49 6. 94 0. 5828

FRA fine root of ash; CRA coarse root of ash; LRA living root of ash; LROP living root of other plant; DRAOP death root of ash

and other plant; TRS total root in soil
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FHEFERHMARRRE, EKMMARKHMER KM EREEYIER . A HERETH, i EREETE/ANS
437 A 0.6865.,0.9105,0.3303 1 1. 5926 t/hm?*, 52 ESAFHEFTER L WAL BB EE 0.6806.0.9161,0. 3566 F
1. 5896 t/hm’® #Hirfil. 7E/KEHVDHEBR A K EEYER FE, w BREHEF R R (54 0. 1913 # 0. 2127 t/hm?) 52
AW EREE RN LR (G H 4 0.3243 F1 0. 3368 t/hm>)AHEE K FHZE 0. 1330 1 0. 1241 t/hm?),

x4 KBEWAgaHERE O~10cm)BRFITER

Table 4 The estimate of root mass in soil surface layer (0~10cm) of ash

-

R85 B Original data iR 4L 11 Estimate by model
iy @
ok Y- 3#{EP Mean - $1{H? Mean R RERHEC , RE® Root
Root type Root mass FE®
(n=281) (t/hm?) (n=117)(t/hm?) Coef. det. mass{t/hm?)
(t/hm?)
K44 FRA (<22mm) 0.7256(0.5256) 0. 6806 (0. 3000) 0. 6865 0. 9781 2510. 7 0. 6886
K BB CRA(C22mm) 0. 3377(0. 6499) 0.3243(0. 4122) 0.1913 0. 9814 2958. 9 —
KERHIER LRA 0. 9508(0. 4554) 0. 9161¢0. 4768) 0. 9105 0. 9572 1256. 3 0.9148
HTHYES LROP 0. 3557(0. 1840) 0. 3368(0. 6358) 0.2127 0. 985 3681. 7 —
KegE R EHER DRAOP 0. 3763 (0. 2900) 0. 3566(0. 1822) 0. 3303 0. 965 1549. 5 -
T ER TRS 1. 6254(0. 3761) 1.5896(0. 6127) 1.5926 0. 9609 1382.5 1. 6052

OHTEFESFHNERBBEE=8DFHELEN t/hm? HER ;O BBRESA =117 HEHRRA N t/hm? MR ; OKIE Gst 1
W|{E , #| A Table curve SD %4, B BELIRERBNE LB AT EBE . B EER QX FEEB SNBSS EM £, FIH ArcGis 15 H
RIGER:— BIMKRITE;3#FHSPEIE NI HERZEQ according to the mean of original data (which were used to calculate the semivariance, n=

81), those results were given by transforming the mean to t/hm?; @) according to the mean of total original data (n=117), those results were
given by transforming the mean to t/hm?; (3 according to the estimate by Gs*, those results were given by integral of the multiple regression
equation with Table curve 3D soft; @ according to the parameters by analysing the semivariogram, those results were givern with ArcGis
soft;— not calculated; data in bracker represent standard deviation; the estiamte was computed; FRA fine root of ash; CRA coarse root of

ash; LRA living root of ash; LROP living root of other plant; DRAOP death root of ash and other plant; TRS total root in soil
3 Wit

B M (Heterogeneity) B R & B A E LW B (Variability)B, A EAFREHMNRLEBHEREESALHENR
T 4 BEHUR 2 (Patchiness) , i E 347 (Uniform) B ML (Random) 43 %, REMRERERA A RERRE LR RE/NR
EL . MTREALYEXNEZANEENTRRREAR, PREHRES ARAEERBIEL T KBWNEKREZREDEBFES
BIRREABER(ERLED . BEAEAYENSHRAM AN RETTREERIBEFNSHRERE . ABREY BN TEX
B EE/DAHEBEET 13mE 2), MK BIERTEANR 1.om, AR AETHKIREZEDERAERNEREAEE—
TEMSY FHRITHEUIN — B8, AERESNRRANZRKRTENRDR,

HMTFRARAZER A EEE FERTHTRESMRSWITHMAEEN T TAYERRNBUE S REOHEE . EHET
MR EYBPRE, 28RN RREMBGE S A E . (B Ut e w2 42 H A B ] 240 B0 S B8 B LA R anfar i 47
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t/hm?

NEBRANFEEEREATFAKMNEaAEERBHNMAT KBMAKEZZHBRERN 1.5926 t/hm?, K HI MR A 0. 6865
K BT AR 9 0. 1913 t/hm?, K BB ISR 5 0.9105 ¢/hm?, K P R K PSR R 0.3303 t/hm? , KEHYER AN

0.2127 t/hm?,
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