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Relationship Between Above-and Below-Ground Biomass
for Norway Spruce (Picea abies) : Estimating Root System
Biomass from Breast Height Diameter’
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ABSTRACT

This study was conducted to elucidate the relationship between the root structure and the crown
structure of Norway spruce( Picea abies [L.] Karst), and thereafter to obtain the regression equation
for the estimation of relative root and needle biomass using the tree height and diameter at breast
height(DBH) without measurement of root and needle biomass. The study site was Barbis stands
of Harz region located in central part of Germany. Five dominant and three co-dominant trees of 30
to 40 year-old Norway spruce were selected and tree height, diameter at breast height, clear bole
length, weight of total needle and branch, cross section and sapwood area at breast height for
biomass of above ground part and also the length of root, the number of root, the weight of root,
the cross section area of root etc. by dividing the horizontal and vertical roots for below ground part
of tree were measured. The significantly correlation was shown between the biomass of most of
variables of above ground parts and those of below ground parts. For the diameter of breast height
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to the weight of total root, regression equation was Y = 3.56X - 45.94 and decision coefficient was
0.96 showing highly correlation. The weight of total branches and needles, and the tree height etc.
of above ground parts showed highly positive relationship with below ground biomass. The results
obtained from this study can be used to the estimating of biomass of below ground using variables
of above ground such das DBH in the 30 to 40 year-old Norway spruce stands.

Key Word : regression equation, decision coefficient, root and needle biomass, sapwood area, diameter

of breast height( DBH)
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Figure 1. Schematic presentation of measured pa-
rameters of the above-and below-ground
biomass of 30 to 40-year old Norway
spruce(Picea abiedl..] Karst) in the
Barbis stand.

3, ¥4, A3ne FALE #AL A4
stdoh, 3" B SAS(1989)E o] Lste] A4
FEAE AN, HAAE Jehsi, =
AHE-9] ARl Fa4 A (em), FEAE(emd),
FaIHEH(CSA;end), F3(em), (ke
A Fkg) e EJWFXK)E AT TAEQ
% 8h3-ql W] A (kg), el YA (emd), el
(), 2Aol(m) 5& FHHHY)2E 89 e
o) HAN L AL, Y = £, X + £, (A8
319), A7 Fop= Y29 AReln £, 7%
7]elet,

% R

1. ZAKRQ| Qlui=el BN

Ao el Hsle] ez, FuAA, A3
, A9Y & =Alelg oni(Table 1), =&+
gl tiste] Rejze], A, ¢, kA F
S ZAEIEHTable 2). 2459 £3%: HA
19m, 3 24m(3 7 21.64m)elsith. FuA A o)
# A 13.77cme} 331 26.88cm 8|3 stz A
A& FA 9.64cmet H 18.02cm 1 Zo] t}
4 ZA Jebyed, ol RV 84571
Al B i A 2old 7 A APz}
e, 24159 Al FF 1lmolsley A7
T UWAE A FAE 3d Bded, olx
T ¥R e FBI M2 AAY A7,
M2 alegt 73 A4S B9 Zleg AlgEn,
Az A= Y7 16.89%kg} 15.70kg o2
Hl &g g Jehigl e, 7 ZARE bl k2
9 zolE novl, 283 FZA A Aat el
o} iz WARAE EAElgEd, AA &
¥4 g8 Faust AsmelAy Adywuce
Wajwo] t]Sr] 3 did £ 9le ddalely, 7}
22} Adefel fE2] olFARQ WAHe =7
o YA HBAE o] Fx g},

A5 e Zole H 46mol, 7
P2 Zolx 23mert., AAwee PF BAR
FH R (H 7 2170l u)sled A2 (FF 5871)
7t o] %ol FAHdc, el EAe YT 27.4kg 2
2 A a7t Y 4.5kgl) Bl s ¢y
12.2kgeld =, ol 9 a9 $7F HL A
H|3led w9 F& e Jehigch, a3
2eE Alelg el 12er] FAE HA 5.4ke,
3 19.6kg(FF 10.7kg)e Ve,

fo ¢ R



REHSEEE 0. 2001F 68 341

Table 1. General description of measured param -
eters of the above-ground biomass for
30 to 40-year old Norway spruce(Picea
abies L..] Karst) in the Barbis stand,

Sample TH DBH DCL CBL NC WTN WTB

tree No. (m) (cm) (ecm) m ) (kg (kg

23.7 26.88 18.02 13.0 14 31.26 29.82
21.0 15.42 12.37 9.0 15 11.96 10.33
21.6 21.36 17.75 9.2 17 2L.77 17.4
22.4 18.00 12.09 13.7 14 11.9 10.95
22.4 21.29 14,34 12.6 15 18.00 20.41
21.1 14.18 10.55 12.5 12 8.67 8.52
19.8 13.77 9.64 115 13 5% 5.3
21.1 22.56 16.36 11.0 15 25.47 22.01

mean 21.64 19.18 13.89 11.56 14.38 16.89 15.70
S.D. +1.11 £4.33 £3.02 +£1.62 +1.41 +8.22 +7.80

0O =3 O U ob QO DD —

Sample CSAB CSABH SABH CSACL SACL
tree No. (cm) (emd (md) (md  (cmd)
1 132.25 567.30 529.06 255.05 222.41
2 63.15 186.80 172.92 120.26 105.60
3 84.58 358.26 239.7 247.31 167.50
4 60.21 254.47 177.62 114.86 92.89
5 79.94 356.10 232.11 161.57 143.67
6 31.87 158.01 119.18 87.45 83.%4
7 34.08 149.00 96.73 73.03 60.43
8 73.90 399.78 339.97 210.24 178.59
mean 70.00 303.72 238.41 158.72 131.79
S.D.  £29.77 *134.95 £130.91 *66.72 +51.80

Table 2. General description of measured parame-
ters of the below-ground biomass for 30 to
40-year old Norway spruce in the Barbis
stand.

Sample LHR LVR NTR NHR NVR RNS WTR WHR
teeNo. m) M @ @® @ © &) ke
605 B N 17 o 9 5.08 .69
4.8 134 8 B B 10 129 6.10
8.8 18.81 47 7 B 2 829 9.5
3246 252 8 B KN § 149 59
8.7 21.82 M0 31 103 6 2.7 13.%
mean  46.33 22.88 &.60 20.60 58.00 7 27.41 12.16
S.D. £11.23 £6.81+30.94 £8.14+4.71 +2.83+13.97 +7.32

Sample WVR WS CSATR CSAHR CSAVR SATR SAHR SAVR
tree No. (kg) (kg) (o)  (end) (em) (em) (o) (emd)
6.81 19.59 459.99 290.07 169.92 3%.%6 260.%6 128.10
152 5% 4100 973 3 B 1Y BH
717 161 296.21 6149 24.78 163.60 59.98 103.62
214 6.8 6.3 1549 4% 4760 127 HM
49 1023 B0 M 167 17538 0.4 14.9
mean  4.53 10.73 22.12  90.21 131.91 161.65 78.19 8.49
S.D.  £2.33 +4.97 £155.71 £103.04 £79.23 +127.33 £93.36 +44.25
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Table 3. Correlation coefficients among above- and below-ground biomass for 30 to 40-year old Norway
Spruce in the Barbis stand.

. Clear Needle Twig
Tree height DBH length weight weight
Above-ground biomass
Tree height . 0.92** 0.90** 0.84** 0.90**
Diameter at breast height(DBH) 0.92*" 0.64* 0.97** 0.98**
Clear bole length 0.90** 0.64 ) 0.42 0.60*
Weight of total needles 0.84** 0.97* 0.42 0.97**
Weight of total twigs 0.90** 0.98** 0.60* 0.97**
Cross section area of twigs 0.88** 0.97** 0.50 0.98** 0.97**
Cross section area at breast height 0.92** 0.99** 0.63* 0.98** 0.98**
Sapwood area at breast height 0.91** 0.95** 0.59 0.96** 0.96**
Cross section area of in clear length 0.81** 0.96** 0.31 0.99** 0.97**
Sapwood area in clear length 0.91** 0.97** 0.64* 0.95** 0.99**
Below-ground biomass
Length of horizontal roots 0.78: 0.84** 0.55 0.82*" 0.92**
Length of vertical roots 0.97** 0.93** 0.86** 0.86** 0.93**
Weight of total roots 0.90** 0.98** 0.56 0.98** 0.99**
Weight of horizontal roots 0.92** 0.96** 0.63* 0.96** 0.98**
Weight of vertical roots 0.69* 0.92** 0.10 0.93** 0.89**
Weight of stock roots 0.90** 0.98"* 0.5 0.99** 0.98**
Cross section area of total roots 0.84** 0.98** 0.45 0.98** 0.97**
Sapwood area of total roots 0.90** 0.98** 0.61* 0.98** 0.99**
Sapwood area of horizontal roots 0.91** 0.95** 0.58 0.97** 0.96**
Sapwood area of vertical roots 0.78** 0.93** 0.47 0.90** 0.94**
*P<0.1; **P=<0.05
80 A 38 /
0 YR= 236:64594 . EE %359)(5 18.63
- © n=5 -
E E 54
14 16 1 2DOBH (GrrT) 24 W® 28 172 14 16 B DBHZO(cm) 2 24 26 28
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Figure 2. Relationships between above- and below-ground biomass from 30 to 40-year old Norway spruce

in the Barbis stand.

A : Between diameter at breast height(DBH) and weight of total roots(tWTR)

B : Between diameter at breast height(DBH) and weight of total needles(WTN)

C : Between sapwood area at breast height(SABH) and weight of total needles(WTN)
D : Between sapwood area at breast height(SABH) and weight of total roots(WTR)
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