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X Production and Structure of Under-Ground Part of HINOKI
’ (Chamaecyparis obtusa) Stand (1)

Estimation of Root production by means of Root Analysis*

Takuo Yamaxura**, Hideki Sarro***
and Tsunahide SHIDEI**
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AW o ~W g BIR EFBARAEBRCESWCHE LMD 4720 O © 4 E 813 2.3ton/ha-yr
Tholce TORIIBEERD 26%, REHFED 5.3% Y45, SEEEMCEDLROLE
BOHIEN 15% TH - T, ; , :

Summary : When the primary productivity of woodland ecosystem is measured by the

Eg

harvest method, the increment of under-ground part or the root system has been estimated

by indirect method, since the direct estimation of root increment requires many trouble-
some procedures for investigation.

This paper deals with the first and easiest step towards the estimation of root produc-
tion. ) ' '

The direct measurements of root growth by root analysis, based on the same principle
as stem analysis, were tried for six sample trees in a plantation of Chamaecyparis obtusa
aged 30years.

For the purpose of estimation of root production per plantation, the allometric relations
concerned with root increment were scrutinized. The most reliable correlation was observed
between root increment per tree (dWjg; kg/year) and its root weight (Wg; kg). This
AW r~W 5 relation was approximated by following equation:

AW r=0.0322W p1-242

This formula was just the same as what was obtained for the relation between stem
increment per tree and its stem weight. This phenomenon might simplify the estimation
procedure of root growth per plantation.

The caluculated value of root increment based on AW p~Wp relation and census of
tree size was 2.3ton/ha-year. This amount was 269 to stem increment, 5.3% to root
biomass and about 1522 to mnet production.

* Contribution from JIBP-PT No. 131 ’
% Fac. of Agr., Kyoto Univ., Kyoto EERKZZEE

#it Kamigamo Exp. For. Sta. of XKyoto Univ. For., Kyoto Univ., Kyoto
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Introduction

In Japan, many studies on the primary production
and production structure of woodland ecosystems
have been done in the past twenty years, and steady
progress has.been made in the methodology for
analysing the primary production of various types
of natural and artificial plantation. There may be
various methods to investigate the primary produc-
tion, but these methods are divided into two main
catégoi‘ies. The one is based on the measurements
of the total canopy photosynthesis and respiration
by means of gas-analyzer and other apparatus.
The other is based on  the cumulation of net
assimilation (net dry matter production of green
part) over the year(s) or vegetation period(s).
This latter -estimated method is called “summation
method”?, and net primary production can be de-
termined by sum total of the following three items
estimated periodically through the vyear(s): A)
Biomass change. of photosynthetic plant; B) Plant

losses by death and shedding of parts above and’

below .the ground; C) Consumption of photosyn-
thesizing plants by animals. In terms of mathema-
tical symbols, two procedures may be expressed as
follows?, ‘when the net primary production of a
stand is intended for estimation by summation
method: ’ ’ )
P,=4Y +L+G (Method 1)
P,=Yy+Ly+Gy (Method 2) )
4Y =Bjomass change during a certain period
L=Plant losses by death and shedding during
" a certain period . )
G=Plant losses by consumer organism during
a certain period
Y oy=Amount of plant matter newly formed during
a certain period
Ly=Amount of losses of new component by
death and shedding.during- a certain period
Gy=Amount of grazing of new components by
consumer organism during a certain period
If it is intended to assess the productivity of
plantations based on the summation method (Method
2), first of all it may be necessary to estimate annual
dry weight increment of each tree organ. The tree
body is composed of four main organs, that are
leaf, stem, branch and root. Generally speaking,
it is comparatively easy to estimate the annual dry
weight increment of three organs except root, but
the estimation of root increment is most difficult
among the four. The problems on root system and
on root growth have been discussed from various
points of view in: biological:-sciences® %, and many
studies or’investigations -have :been reported.: Al-
though the knowledges on root .growth obtained
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from these studies are of no use in the:direct esti-
mation of the annual dry weight increment of root,
that is, thére is no appropriate estimation :method
of root increment from. reliable sources. - ‘Fherefore,
in “view of the many studies progressing on the
production ecology, it becomes very necessary to
give rational estimation method of root increment.
_For.the above reasom, this review is intended to
introduce the result obtained by root analysis and
to” discuss. the estimation method of root weight
increment per stand. s : :

Material and Method .

A) Plantation and Field Survery
~ The investigation was made in the forest on the
flattish slope of Mt. WATAMUKI in HiNo, SHIGA
Prefecture. On thé slopes of Mt. WATAMUKI
Chamaecyparis obtusa plantation. patches of various
ages occupy the greater part. The longitude and
latitude of the study area are 35°0’N and 136°20/E,
respectively, and the altitude is about 440 meters
above the sea level. According to the obsavation
of 1968 at the nearest meteorological station, annual
mean temperature was 13.5°C with highest and
lowest 33.2°C in August and —7.2°C in February,
respectively, and warmth index of the year was
110°C. Mean  annual precipitation was- 1550mm
and maximum snow depth about 50cm. Generally
speaking, the meteorological records indicated com-
paratively mild climate. In this study area, a series
of investigations®~® on' the production. ecology of
Chamaecyparis obtusa plantation have been conducted
since 1966. o : : ! :

A sample plot,. in which the root analysis was
tried, about 20X 15m size, was selected in a plan-
tation aged 30, in late April of 1968. The crown
closure was fully complete,. so that there were no
plants under storey through the’ vegetatios ‘period.
In this plot, diameter at breast height and tree
height were measured on. each tree in May -and
November. According to the census on' each tree,
six sample trees were selected so as to cover the
whole range of diameter distribution in - early
November, of 1868. They were cut by stratified
clip technique in-which the depth of stratum was
one meter, and ‘then. each stratum was separated
into stem bole, branches and-leaves. = The samplés
for the estimation of annual-increment of stem ‘and
branch were -extracted frém each stratum; Srmall
samples of each part of .respective tree components
were. - oven® dried.’at "80°C; and conversion “factors
from fresh weight to dry weight were determined.

After the investigation on the above-ground part
of sample trees;.the root systems were.dug out by
stump pulling. ;apparatus.:and - then -weighed ‘withi
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beam balances suited to their size. The roots
smaller than 2 millimeters in diameter were torn
off at stump pulling. For the estimation of root
amount which was torn off, ten trenches, 0.5X0.5X
1.0m, in which the depth of stratum was 10 centi-
meters, were dug out. All roots were carried into
laboratory for the estimation of annual growth.

The biomass estimated by using the allometric
relation of sample trees and the distribution of tree
size is given in Table 1. Some other characteristics
of the stand are given in Table 1 together with the
estimated value of biomass.

Table 1. Biomass and other properties
in plantation
Ages years 30
Number of trees o /ba 3500
Mean stem diemeter at =
breast height D em 12.8
©D? N
Basal area at breast height Z( 1 ) m?/ha 46.7
Mean tree heiéht Hm 10.4
-Biomass in oven dry weight
. Stem o ys ton/ha 115.4
Branch ’ yp ton/ha 11.9
Leaf yz ton/ha 12.0
Root o yr ton/ha 43.0
-Above-ground yr ton/ha 139.3
Sum total. y  ton/ha 182.3

B) Procedures of Root Analysis

The annual increment of stem or branch has
been measured by stem or branch analysis.
ever, root analysis which is based on the same
principle as stem or branch analysis, has not been
made in the studies hitherto reported, because of
the difficulty in counting annual rmgs of root Sys-
tems,

The procedures of root analysis 1ntroduced in this
report are as follows:

A whole root system dug out by stump pulling
apparatus was conveniently divided into three parts,
that were stump, lateral roots and other small roots
(Fig. 1).

Generally speaking, it is very difficult to classify
the rooting characteristics of different species of
trees, because site and soil conditions sometimes
modify root growth so much so that species
characteristics become obscure. Recently emerged
seedlings of forest trees have a positively geotropic
radicle Which‘subsequently either becomes taproots,
is supressed or dies back. Chamdecyparis obtusa
retrains taproots, that is, the initial taproots of
this species are replaced in early years by roots
with predominantly lateral roots,

It is very hard to measure annual growth incre-
ment of stump by root analysis because the stump

How-
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———Stump

/T Tateral
"~ Root

Sméll :
Root

Fig. 1.
system of Chamaecyparis obtusa

Shematic representation of a root

forms are too complex to estimate volume increment
by sectional measurement. Therefore the stump

_growth increment was conveniently estimated by

using the growth ratio of stem (Stem growth incre-
ment in weight/Stem weight; kg/kg.year) in this
investigation. The stem growth ratio in each stra-
tum is different from each other. As an example,
Fig. 2 shows the trend of change of stem growth
ratio associated with the change of height of
stratum. The growth ratio of each layer decreases
gradually according to the increase of distance
from the tree top. In this paper, the stump growth
was estimated indirectly by using the growth ratio
of stem at the height ranging 0.0~0.3 meter above
ground, that is, stump growth increment was esti-
mated by the following assumption:

ior

Tree No. 2

©
R

0.6

0.4

stratum (kg/kgeyear-m)

Growth ratio of stem in respective ’
-
o

0.15 0.8 2.8 4.8 6.8 10.8 12.8

Height of respective stratum (m)
Fig. 2. Vertical change of stem growth rate
(Stem increment/Stem biomass; kg/kg.year)
in each stratum
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© Stump growth increment of each sample tree

Stem growth increment at the height
_[ranged 0.0~0.3m above ground

| Stem weight at the height ranging
0.0~0.3m above ground

X (Stump biomass)

The estimation of growth increment of lateral
roots was made in the following way. Five lateral
roots were extracted for the purpose of root analysis,
and then they were cut at every 10 centimeters in
length. After the cutting, the annual ring width
of each cross-section of samples was measured and
recorded. The volume increment was caluculated
by sectional measurement based on the data of
annual ring width. The volume increment was
transferred to weight level by using specific gravity.
The growth increment of total lateral roots included
in each sample tree was calculated by the following
procedure:

Growth increment of total lateral roots of each
sample tree )

_ {Growth increment of sample lateral roots>
- Biomass of sample lateral roots

X (Biomass of total lateral roots)

The small roots (other parts except stump and
lateral roots) were first of all cut at every 5 centi-
meter in length, and then divided into four classes;
smaller than 0.2, between 0.2 and 0.5, between 0.5
and 2.0 and larger than 2.0 centimeters in diameter.
Five samples were extracted from each diameter
class, -and then, their annual ring widths were
measured by the same method as lateral roots.
The volume increments were calculated by sectional
measurement based on the data of annual ring width.
The volume increments were transferred to weight
by using specific gravity. The growth increment
of total small roots were calculated based on the
same procedures as lateral roots, that is

Growth increment of total small roots of each
sample tree

_ <Grewth increment of sample small roots
- Biomass of sample small roots )

X (Biomass of total small roots)
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Result

1) Root Growth in Relation to Distribution of
new Component into each Organ

The result obtained by the above-mentioned pro-
cedures is shown in Table 2. Table 2 shows that,
against growth increments of whole root system,
about 119 distributed to the part smaller than 0.2
centimeters in diameter, about 6495 to the part
larger than 0.2 centimeter in diameter (lateral roots),
and remaining 25% to stump. The growth incre-
ment of parts smaller than 0.2 centimeter in dia-
meter may have been under-estimated, because a
certain quantity of that parts was torn off when
the whole root system was dug out. The ratio of
distribution of root increments into stump, 25%,
might have no reliable foundation, because the
stump increment was estimated by indirect method.

Table 2. Growth increment of root of
each diameter class (kg/year)

Diameter class Tree No. )
of root 1 2 3 4 5 6
0.0~0.2cm 0.027 0.062 0.086 0.137 0.059 ~ 0.046

Lateral root i ‘

(0.2cm~) 0.308 1.134 0.316 0.378 0.227 0.101
Stump 0.082 0.451 0.049 0.203 0.071 0..(‘)85
Total 0.417 1.647 0.365 0.718 0.357 0.232

Table 3 shows the growth increment of each
organ of sample tree in connection with root incre-
ment. In Table 3, stem and branch increments were
estimated by the same method which has been
employed by many investigators in Japan. The
leaf increments were estimated indirectly based on
the following assumption that leaf increments may
coincide with leaf litter falls in stable state of forest
stand. Therefore leaf increments were estimated
by measurement of leaf litter falls, in which mea-
surement was performed by wrapping the whole
crown of each sample tree with large bag made of
hempen net during defoliation periods. That the
larger the growth increment of tree (sum total of each
organ) the larger the distribution of new component
into root was found out. This trend of change of

Table 3. Growth increment & biomass of each organ of sample trees

Growth increment (kg/yeaf) Biomass (kg)
Tree No.

Stem Root Branch Leaf Stem Root Branch Leaf
1 1.676 0.417 0.314 0.523 28.900 8.120 2.670 3.079
2 4.702 1.647 0.933 1.039 54.669 18.300 7.314 5.655
3 2.119 0.365 0.325 0.714 27.523 7.100 2.007 3.061
4 3.701 0.718 0.461 1.122 42.768 13.530 4.539 3.987
5 1.369 0.357 0.240 0.476 20.137 5.800 1.570 2.302
6 0.680 0.232 0.178 0.428 16.575 4.540 1.438 2.158
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I.OF el = O— O~

Leaf /
Il /"“’""
Branch
ro. W/G
0.6+ .

0.4+

0.2+

Distribution ratio of new component
into each organ (kgeyear/kg-year)
T

0 1 1 Il Il 1 Il

* Amount of new component per tree (kg/year)

© "Fig. 3. Profile diagram showing distribution
ratio of new component into each organ

distribution into root was contrary to distribution
into leaf. This relation between root and leaf was
the same- phenomenon  observed in seedlingsl®
(Fig. 3).

2) Allometric Relation ]

For the estimation of root increments péf stéﬁd,
the allometric .relation is an available method as
in the case of biomass. Acting under this idea a
series of allometric relations concerned with root
growth was scrutinized.. Fig. 4 shows the regression
between root growth increment (4Wjp; kgfyear) and
its root weight (Wjz; kg) at respective diameter
class. . Different simple allometric relations were

T

T T =TT

4Wr kglyear

T T

[REITI L 1ot [N EEET]

[ R EERRY )

10 o 10° AL

Wr kg
Fxg 4 Correlation between growth increment -
of_root (AWR, kg/year) and root. weight of

i

respective diameter class (Wxz; kg) i

O;. Roots smaller than 0.2cm in diameter;

@ ; Lateral roots ;
_A; Stump

BHRES

obtained for the three parts of root; .the parts
smaller than 0.2 centimer in diameter, lateral roots
and stump, as follows: \

Roots smaller than 0.2 centimeter in diameter:

AW =0.337W 5122 - (1)
Lateral roots: ‘ ‘
, AW =0.0712W gt 2~ (2)
"Svtjiunp: ' i ' ) ‘
' AW =0.0178W z122 - (3)

As seen in equations (1), (2) and (3), allometric
constants were stable regardless of the parts of
root system, but the constants given by the value
AW x at Wr=1 were different from each other.
This departure of allometric equations make clear
the differences of .growth process based on the dif-
ferences of character of each part. The increment
of roots smaller than 0.2 centimeter in diameter
was about 4.7 times that of lateral roots, and 18.9
times that of stump, when we assumed that three
parts had the same amount in weight.

In Fig. 5, linear regression in log. plot shows the
allometric relation between the growth increments
of root obtained by summation of three parts (AW z:
kg/year) and ‘the root weight (Wx; kg). The incli-
nation of root growth incrément~root weight regres-

100 -
=4 -
g
£
%
w10k
B -
S L
23 L
B L
= -
1 1 ittt - ‘[ 1 ‘Wi‘!llf
; 100 o 10%
) ’ Wr Ws kg
Fig. 5. Allometric relation between growth

dncrement of root (or stem) and ‘root wexght
(or stem weight) )
AWR, Growth increment of root (kg/year)
4Wg; Growth increment of stem! (kg/year)
Wr; Root weight of sample tree (kg)
W ; Stem weight of sample tree (kg) .
O AW g~W p relation .
®; AWs~Wy relation o
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sion was identical with the value of allometric
constants in equations (1), (2) and (3), and the
equation of this regression is shown approximatly
by the following formula:
AW 5 =0.0322I¥ p1-242 (4)

The equation (4) is the same equation as what
was obtained from ‘the allometric relation between
the stem increments and the stem weight.

102

m1T7rTm

10t

Wr ke

IRET| TR L4y

0 ' 10°
: Ws ke

Fig. 6. Allometric relation between root weight
of sample tree (Wgx; kg) and stem weight
Ws; ke)
O; Relation in 30-year-old stand
®; Relation in 40-year-old stand

Generally speaking, there may be no sveparation
in the regression line of the relation between root
and above-ground part of tree. As is obvious from
Fig. 6, the relation between root weight and stem
weight could be approximated by linear regression
line in which the inclination was nearly equal to
1.0, and separation in the regression line due to
the difference of forest stand was not found.. The
formula of this relation is expresse d by the following
proportional function:

Wa —o. 3307 (5)
where, Wg: amount of root in weight per tree
(kg)
Wg: amount of stem in weight per tree
(kg)

The relation between  root . increments and stem

increments is shown in Fig. 7, in which the tangent.

of regression line is nearly equal to 1.0. The regres-
sion of this relation is approximated by the following
Dproportional expression:

AW 7=0.261 AW g (6)
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' 100 . LW

4Ws kglyear ' : :

Fig. 7. AIIo*netuc relation between growth

increment of root of sample tree (dWp; kg/
year) and growth increment of stem (4Wyg;
kg/year)

amount of root increment per
tree (kg/year)
AW, st amount of stem- increment per
tree '(kg/year) ‘
" All parameters in equations’ (1), (2), (3), (4), (5)
and (6) do not contradict from each other, _
The - above-méntioned -relations existing " among
four variables, 4W gz, AWg, Wz and Wy, may sim-
plify the estimation procedure of root growth incre-
ment. ~Especially, if the phenomenon, in which
the relation between 4Wyx and Wy is approximated
by the very same equation derived fromh AW o~Wy
relation, is found in other cases of investigation on
root analysis, the amount of root growth per stand
will be easily estimated by AW g~Wy relation.

where, 4Wp:

Discussion

* Almost three decades have passed since KIT'IREDGE

(*44) introduced the equatlon v
Y=AXn (7)

to show.the relation of leaf weight to tree diameter.
The formula is now generally called a simple allo-
metric equation; and many example .of allometry
are known, although whatever biological principle
may underly the equation remains obscure to this
day. According to this equation, the relative growth
rates of growth of X and Y are expectéd to be
proportional, or :

C14dv 14X -
Y "% ar &
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In this equation, % is the proportionality constant
between the two growth rates and called the allo-
metric constant, while A is the integration constant
given by the value of ¥ at X=1.

For the estimation of production of root and -

branch, which are too difficult to estimate by direct
measurements, the procedures based on equation (8)
have been employed by many investigators in Japan.
In these cases, the following two conditions must
be satisfied: The one is dA/dt=0, that is, A is not
related to time (¢). The other is the condition that
I is not related to time as well as A. In forest stand,
A and % are not always invariable but changeable
with the growth and development of forest trees.
Although it has been assumed that the variation of
two parameters may be negligiblly small during a
short vegetation period or one year. Practically
this assumption may be allowed considering rough
approximation. Acting on the above mentioned
idea, a simple equation for the estimation of incre-
ment of root can be easily derived from Wg~Wg
allometry, or

AWz _ o 339 4%s

A4t A4t 9

The estimated value of root growth increment
per plantation is 3.0 ton per hectare per year when
we calculate root production by using equation (9).
This value is larger than the value, 2.3 ton per
hectare per year, which is estimated by equation
(6) obtained from the result of root analysis. The
overestimation of root increment by equation (9)
is obvious from the contradiction of parameters
between equations (6) and (9). This discrepancy
arises from the property in which AW z~W 5
allometry or AW g~Wy allometry is not in direct
proportional relation. Namely the influence of al-
lometric constant, 1.242, in equation (4) appears on
the value of parameter A, 0.261, in equation (6).
Therefore the estimation of root increment by equ-
ation (9) is not appropriate, and then another con-
dition must be assumed beyond two conditions that
are dA/dt=0 and dh/dt=0, when the estimation by
equation (9) is employed.

In terms of mathematical symbols, the following
explanation may be considered: Now let three rela-
tions between four variables, 4dW gz, dWg, W and
Wy, be expressed by the following allometric equ-
ations, or

WRzAlWShI (10)
AW =AWV P2 (11)
AW = AV gz 12)

Differentiating eqaution (10) with respect to time
(?), we get

B e

AWR:Al'hl'WShl—I'AWS
=A1-Ag- by -Wghtths=l (13
From equation (10), (11) and (12) by eliminating
W, we get s
AW = Ap-(Ar)'2- (AW g/ Ag)r-halhs
=Ap-(Aph2-Wghi-h2 (14
Considering that equations (13) and (14) agree
precisely, there may be necessarily many conditions.
Let three conditions obtained by the above-men-
tioned result for root analysis be expressed by the
following formulae:

From equation (5), #;=1 (15)
From equation (4), hx=h, (16)
From equation (4), A,=4; a7

Inserting equations (15), (16) and (17) into equ-
ations (13) and (14), we get
AW = Ay AW g= A, AW g2 T
AW = Ax(A)he(AW s/ Ag)= Ax(A)heW stz (19)
What is evident on comparing two formulae, (13}
and (14) is that another condition—#,=1 is neces-
sary in addition to dh/di=0 and dA/dt=0 for em-
ployment of the estimation based on equation (9).
Above-mentioned problems may occur when the:
items of investigation increase, so that we had
better to pay attention to these points.

Table 4. Net Production* in Plantation
(ton/ha. year)

Stem . 8.9 59%
Branch 1.7 1%
Leaf 2.3 15%
Root 2.3 15%
P 15.20 100%

* Pp=Yay+Ly+Gn, Ly=0, Gy=0

The net production of this stand is shown in
Table 4, in which losses of new component by
grazing and death are neglected. The calculation.
was made based on summation-method-2. The root
occupied 1595 of net production and this value was.
2694 of stem productivity. The ratio of production.
to biomass of root—relative growth rate was 5.3%.
per year.
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