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The growth analysis which was introduced
by Watson® and his collaborates was a
method dealing with the plant growth only
in relation to total plant weight and plant
top characters. They have rarely mentioned
about root characters and the quantitative
interrelation between top and root. We
were considered more essential that plant
growth should be discussed not only from
responses of above ground parts of plant to
spatial environmental conditions but also
from the aspects of several characters of
root behavior and top-root relationship.
Some attempts on the quantitative growth
analysis from the viewpoint of root behavior
were made by WELBANK!® and HACKETT?,
using the specific absorption rate of nitrogen
and root surface area. The approach of
this kind, however, has been left unexplored
because of the difficulties of the quantitative
measurement for the root characters.

In the previous papers**, we have tried
to ascertain whether or not @-naphtylamine
(a-NA) oxidizing activity in roots which
indicates the respiratory activity in roots
can be used as one of indices for the plant
growth. So, we studied about the quan-
titative relationship between @-NA oxidizing
activity (root capacity) and root dry weight.
We have pointed out that root dry weight
was closely related with the a-NA capacity,
and was expressed as the linear function
of a-NA oxidizing activity (@-NA capa-
city?), so that the total plant dry weight
showed as the following mathematical ex-
pression;

Pw= ‘)(-‘(T/R ratio) X 7( (a-NA capacity),

* A pa;‘t of this paper was reported at the 163th
Meeting of the Crop Science Society of Japan,
on 2th, April, in Tokyo, 1977.

where Pw is plant dry weight.

In this paper, we tried to extend the
plant growth analysis from the viewpoint
of root behavior using 3 factors, i.e. a-NA
oxidizing activity (a@-NA capacity), re-
lationship between top and root and the
distribution of dry matter produced.

Materials and methods

Materials used were Lolium multifrorum
Lam., mammos italian B sp. as erect type
and mammos A sp. as weeping type. The
experiment was carried out in a greenhouse
from May to August in 1975, by water
culture with HEwITT’s solution®,

Three planting densities, 3 cmx3 cm:D
(3), 6cmx6cm:D(6), 9cmx9cm:D(9),
and two nutrition levels, 1/2 (NO,-N:50
ppm) and 1/10 (NO;-N:10 ppm) Hewitt’s
solution, were used as the treatments in the
experiment. The particular experimental
methods were the same as described in the
previous report®.

Results

1. Unit root activity (URA)

a-NA oxidizing activity in roots per hour
per unit root dry weight was calculated as
the quotient of @-NA oxidizing activity per
plant per hour divided by total root dry
weight. We call this quotient unit root
activity (abbreviated as URA). URA value
over each period among successive samplings
in advance with plant age was shown in
Fig. 1. The values were calculated by the
following equation,

Ra dInRw dRa
Rw dRw dInRa’
_A4dInRw 4Ra
 4Rw  4InRa’

URA=
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- URA— lpiRwZ—ln RW1

—Rw: InRa;—InRa,
where Ra is root activity (a-NA oxidizing
activity in roots/hr), Rw is root dry weight.

URA decreased gradually as time elapsed,
and there was no remarkable difference of
URA between nutrition levels, though the
difference of the value between planting
densities was recognized. Throughout the
experimental period, URA’s in high planting
density were always higher than those in
low planting density, ie. D(3)>D(6)>
D(9).

2. Root weight ratio (RWR)
The ratio of the root dry weight (Rw)
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Fig. 1. Changes in the URA in relation to

plant age for different nutrition levels,
planting densities and plant types.

to total plant dry weight (Pw), i.e. root
weight ratio (abbreviated as RWR) pro-
posed by WELBANK!?, is given by the ex-
pression,

Rw/Pw=RWR.
Then,

T/R ratio=Tw/Rw=(Pw—Rw)/Rw

=”>1Z—1 (where Rw/Pw=x).

The RWR value is recognized as a measure
of the distribution of dry matter produced
by photosynthetic systems of plant between
roots and tops. Calculated RWR over
each period between successive samplings
were shown in Fig. 2. The values were

calculated by the following equation,

Rw dInPw dRw
RWR= = .
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Fig. 2 Changes in the RWR in relation to
the plant age for different nutrition
levels, planting densities and plant types.

Note (1)

@ : Density (3 cmx 3 cm), Nutrition NO3-\T 50 ppm)
a:D (6 cm x 6 cm), N. 2 )
H:D (9cmx9 cm), N. 2 )
O:D (3cmx 3 cm), N. NOs-N 10 ppm)
A:D (6 cmx 6 cm), N. 2 )
O0:D (9 cm x9cm), N. 2 )
Note (2)
A: Lolium multifrorum Lam., A sp. (weeping type)
B: o B sp. (erect type)
Note (3) Sampling stage, I, II, III, IV, represent 9/VI1I, 24/VII, 6/VIII,

13/VIII, respectively.
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. RWz— RW1
InRwe—InRw;

In Pwe—In Pw,
PW2"“PW1

RWR=

where Pw is plant dry weight, Rw is root
dry weight.

There was little difference of RWR be-
tween planting densities under the condition
of high nutrition level, a considerable
difference, however, in low nutrition level.
Discussing about the nutrition levels, RWR
became larger with the nutrition level was
lowered irrespective of the planting den-
sities.

3. Root assimilation rate (RAR)

Increasing rate of total plant dry weight
per unit a@-NA oxidizing activity in roots
is named root assimilation rate (abbreviated
as RAR) by us, that is shown by the follow-
ing expression.

The relationship between plant dry weight
(Pw) and «-NA oxidizing activity in roots
per hour (Ra) was shown by the next ex-
pression, ,

Pw=cad-d Ra - rerrerrerreremrmnerrnenns (1),
where ¢ and d are constant.
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Fig. 3. Changes in the RAR over each
period among successive samplings with
advance of growth stage for different
nutrition levels, planting densities and
plant types.

From (1),
APw=d-dRa «--eeveemrermmrmmmennaees (2)
1 dPw
RAR Ra g T (3)
ta
RAR=1 1 RAR dt
dPw
tl " Ra Wﬁ'dt

J‘t?d Pw
tz—tl 11 Ra

d R d Ra .
pby—y fnal Ra (from (2))
d (InRa;—InRai)

—t, T ( 4 )
from (1)
Pw:—Pw;
d= T (5)
from (4) and (5),
therefore
— ln Raz-—ln Ra1 PWz—PW1

RAR= .
R ‘—Ra]_ t2_t1

Calculated RAR over the period among
successive samplings was shown in Fig. 3.
There was the tendency of the decrease in
RAR value in accordance to the increase of”
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Fig. 4. Changes in the RPGR over each
period among successive samplings with
advance of growth stage for different
nutrition levels, planting densities and
plant types.
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planting density, as D(9) >D(6)>D(3), and
the difference of RAR valuc among planting
densities increased as time elapsed. Dis-
cussing about the standpoint of nutrition
levels, the value of RAR were smaller in
low nutrition level (NO3-N : 10 ppm),
though the RAR’s in low density (9
cmXx9cm) in low nutrition level was
shown extremely high value more than those
in high nutrition level in the later stage
of experimental period.
4. Relative plant growth rate (RPGR)
The relative growth rate of total plant
dry weight was expressed in the following
mathematical expression,
1 d Pw
RP(}R:—EW s e (1)
The increase of total plant dry weight in
each short period between successive sampl-
ings was reasonably assumed to be fitted
the exponential equation,
Pw=Pw, - " (Pw, is constant).
So that mean RPGR’s (RPGR)
each period among successive samplings
were calculated from the following equation
based on the above assumption, and the
relationship between RPGR and plant age
(t) was]shown in Fig. 4.

over

ta
RPGR= . RPGR dt,

277l Jn

where Pw is plant dry weight,

I 1 21 dPw
RPGR=-—— — - —dt
tz“‘tl ty PW dt

1 fP“'Zde
_t2_—tl Pwi PW

_InPw;—In Pw;,
B ta—1
RPGR decreased as time elapsed, and

there was the tendency that RPGR value
increased with the decrease of planting
density, as D(9)>D(6)>D(3). There seem-
ed to be that RPGR’s in low nutrition
level (NO3-N:10 ppm) were always smaller
than those in high nutrition level (NO,-
N:50 ppm) throughout the experimental
period. RPGR in D(9), however, jumped
up markedly at the later stage of the experi-
mental period in low nutrition level,
although the tendency has not been verified
whether or not it was ordinary one.

(from (1))

5. Root growth analysis from the viewpoint
of root behavior

Considering the relative total plant growth
rate, based on the above mentioned con-
cepts, it can be expressed by the following
equation.

1 dPw_Root activityxlﬂv
Pw dt Rw Pw
% 1  dPw
Root activity dt
where Pw is total plant dry weight, Rw is
root dry weight, root activity is «@-NA
oxidizing activity in roots per hour.

In this manner, relative total plant growth
rate can be divided into 3 factors which
are connected with root behavior as follows;

(RPGR)=(URA) X (RWR) X (RAR).

Discussion

The method for plant growth analysis
was developed by WaTtson®® and others,
VERNON'? and others, HugHEsS® and others,
WHITEHEAD!Y and others, based on the
leaf area as assimilative structures which
concerned with photosynthesis, and among
various growth functions the most basic
expression of the so called growth analysis
in the mathematical expression is;

1odw_1 dw, L
W da L dt W
or (RGR)=(NAR)x(LAR)
where W is plant dry weight, L is leaf area,
t is growth stage (time).

The total plant dry weight is the sum of
top dry weight and root dry weight, and,
as a matter of course, water and all sorts of
minerals of nutrition elements were ab-
sorbed by root system and translocated into
upper part of the plant through the media-
tion of the physiological root functions.

It is necessary to be considered that plant
growth must be dealt in connection with
the top-root relationships and physiological
activities in root.

We proposed a new idea that the relative
plant growth rate was shown as the product
of 3 factors, URA (unit root activity), RWR
(root weight ratio) and RAR (root as-
similation rate). As was already mentioned,
RPGR in low planting density was larger
than in high planting density (Fig. 4).

NII-Electronic Library Service



Kujira and Kanbpa

Competition among individual plants in crop population (IV) 225

Discussing this results obtained from this
experiment in connection with the above
stated 3 factors, URA was higher in high
planting density than in low planting den-
sity, but total plant dry weight and root
dry weight in low planting density were
larger than in high planting density. RAR
value in low planting density, which sup-
ported by the greater total plant dry weight,
was larger than in high planting density.
As a consequence, it follows that PRGR in
low planting density was larger than in
high planting density. RPGR value de-
creased with the decreasing nutrition level
(NO;-N).  As nutrition level decreased,
root’s RGR became larger than top’s RGR,
and RWR in low nutrition level became
larger than in high nutrition level. The
relative importance of root dry weight as
to the contribution to making up the total
plant dry weight became larger than that
of top dry weight because of the increased
RWR value without decrease in URA value
as nutrition level decreased. In conse-
quence, total root activity per plant increased
in low nutrition level.

The increasing rate of top dry weight in
low nutrition level decreased more than in
high nutrition level owing to the increase
of RWR in low nutrition level, so that RAR
value decreased in low nutrition level. The
phenomenon, that RPGR decreased as the
nutrition level became low, could be ex-
plained in this manner. There were re-
cognized high positive correlations between
RPGR and URA, so it was considered that
the fact that RPGR decreased as time
elapsed was brought about by the decline
of URA with time. The differences of the
plant growth by planting densities and
nutrition levels could partly be explained
in relation to root behavior by using the
above mentioned method of the root growth
analysis.

There were no remarkable differences of
URA’s value between A sp. and B sp. irre-
spective of changing plant densities and
nutrition levels, except the result that URA
value in high planting density in A sp. was
larger than B sp. in early stage of growth.
There was no difference of RWR between

A sp. and B sp. in high nutrition level
(NO;3-N:50 ppm). In low nutrition level
(NO3-N:10 ppm), however, there was the
tendency that RWR in A sp. was larger
than in B sp..

It was considered that the direction of
plant growth may shifted from the top to
the root in the weeping type A sp. owing
to the severe mutual interaction between
leaves of tops in the weeping type plants
compared with the plant growth of the
erect type B sp..

Total plant growth (top growth-root
growth) was little influenced by the change
of environmental factors on the middle way
of the experimental period, although the
interrelationships between top growth and
root growth were liable to vary as the
environmental factor changed?.

As to the T/R 3-D ratio®” which in-
dicates the spatial relationship between top.
and root, there was the tendency that the
value in B sp. was larger than in A sp.. T/R
3-D ratio, the ratio of the relative space
density, in weep type plant was smaller
than in erect type plant.

It was suggested that the direction of
plant growth should be varied through the
medium of the relative space density between
top and root with the difference of plant
type.

It was considered that this was one of
the differences in the appearence of com-
petition by plant types. There was no
remarkable differences in RAR’s value be-
tween plant types, although significant dif-
ference between A sp. and B sp. in low
planting density (9 cmx9cm) and high
nutrition level (NO,;-N:50 ppm) were reco-
gnized in later stage of growth.

Summary

The plant growth analysis had been de-
veloped mainly, so far, based on the leaf
area as a assimilative structure which con-
cerned with photosynthetic capacity of
plants.

Total plant dry weight should be com-
prehended as the sum of top dry weight and
root dry weight, so that the root system
and its physiological activity, through which.
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water and various minerals were absorbed
and translocated must be inevitably taken
into account for the plant growth analysis.

We tried to discuss the plant growth
through the mediation of the top-root re-
lationships and physiological activity of root.
In the present paper, we introduced a new
idea of “‘root growth analysis” to take the
relative amount and activity of root into
the concept of plant growth analysis, and
pointed out that relative plant growth rate
(RPGR) could be expressed by the product
of 3 terms i.e. unit root activity (URA),
root weight ratio (RWR) and root assimila-
tion rate (RAR). The results obtained
were as follows;

1. As an aid to deal with the relative
total plant growth rate (RPGR) in relation
to the root behavior and activity, the follow-
ing equation was introduced,

1 dPw Root activityxgv_v
Pw dt Rw Pw
y 1 dPw
Root activity dt
(RPGR)=(URA)X(RWR) X (RAR)

In this way, relative plant growth rate
(RPGR) can be divided into 3 terms which
involves both root activity and top-root
relationship.

2. (Total a-NA oxidizing activity in
roots/hr)/(root dry weight) was named unit
root activity (abbreviated as URA). URA
decreased as time elapsed irrespective of the
treatments as far as the experiment con-
cerned, and there was no remarkable dif-
ference of URA between nutrition levels,
significant difference was, however, recogniz-
ed between planting densities.

3. RWR, ratio of root dry weight to
the total plant dry weight (abbreviated as
RWR), indicates the distribution ratio of
dry matter produced by photosynthetic
organs of plant between roots and tops.
There was little difference of RWR between
planting densities in high nutrition level,
but a considerable difference was shown
between planting densities in low nutrition
level. Seeing from the nutrition levels,
RWR became larger as nutrition level
lowered irrespective of the planting densities.

4. Increasing rate of total plant dry

weight per unit @-NA oxidizing activity
in roots was called root assimilation rate
(abbreviated as RAR). The tendency of
decrease of RAR value according with the
increase of planting density was shown, as
D(9)>D(6)>D(3), and the difference of
RAR’s value between planting densities in-
creased as time elapsed.

5. The relative growth rate of total
plant dry weight (RPGR) was expressed by
the mathematical terms of 1/Pw . dPw/dt
RPGR decreased as time elapsed and there
was the tendency that large RPGR value
was shown in low planting density, as
D(9)>D(6)>D(3), and was the tendency
that RPGR in low nutrition level (NO;3-N:
10 ppm) was smaller than those in high
nutrition level (NO3-N:50 ppm).

6. As to the difference in the appearance
of competition between plant types, A sp.
and B sp., there was the tendency that
RWR in A sp. was larger than in B sp. in
low nutrition level (NO3-N:10 ppm), but
differences in URA, RAJ and RPGR
were not recognized between plant types.

Literature

1. Hackerr, C. 1969. A study of the root
system of barley. II Relationship between
root dimension and nutrient uptake. New
Phytol. 68: 1023—1030.

2. Hewrrt, E. J. 1966. Sand and water culture
methods used in the study of plant nutrition.
Commonwealth Bereau of Horticulture and
Plantation Crops, Technical Communica-
tion No. 22. Commonwealth Agricultural
Bureaux, Farnham Royal: 190-—191.

3. Hucues, A.P. and P.R. Freemaxn 1967,
Growth analysis using frequent small harvest.
J. Appl. Ecol. 4: 553—560. '

4. Kugnira, Y. and M. Kaxpa 1976. Competi-
tion among the individual plants within a
crop. I: Interdependence between organs in
different plant types. Proc. Crop Sci. Soc,
Japan 45: 401-—408.

5. . 1977. Competition among
individual plants in crop population. III:
Competition from the viewpoint of root be-
havior. Rep. Inst. Agr. Res. Tohoku Univ.
28: 29—39.

6. . 1976. Competition among
the individual plants within a crop. II:
Absorption of nitrogen and competition in

NII-Electronic Library Service



np

Kujira and Kanpa Competition among individual plants in crop population (IV) 227

Allium sp., Tohoku Branch Crop Sci. Soc. petition with Agropyron repens and of nitrogen-

Japan 109—110. supply on the nitrogen content of Impatiens
7. . 1977, —. 1V: parviflora. Ann. Bot. N.S. 26: 361-—373.

Japan. Jour.Crop Sci.46(Extra issuel):41- 42. 11. Warreneap, F. H. and Myerscoucn, P.J.
8. Watson, D. J. 1958. The dependence of net 1962. Growth analysis of plants. The ratio

assimilation rate on leafl area index. Ann. of mean relative growth rate to mean re-

Bot. N.S. 22: 3754, lative rate of leaf area increase. New Phytol.
9. Warson, D.J. and Wrrts, K. J. 1959. The 61: 314—321.

net assimilation rates of wild and cultivated 12. VernoN, A.J. and Acruson, J. C.S. 1963.

beets. Ann. Bot. N.S. 23: 431—439. A method of calculating net assimilation
10. WELBANK, P.]J. 1962. The effects of com- rate. Nature 200 814.

(fn 2 # B

FHORBAEMBEICHAT 2%
AR WD Rk o s BT

0 % k.M E DR
(bR 2T 5T

iﬁﬁﬁ&m,@%@iﬁ&%é&ﬁﬁ&bf@%ﬁ%&%ﬁ&Lf,%E&?é&:éﬁ%ﬁot.L
Do, EEOETREL, WEREE LM THETLOME LTGRIN, 0, SEOELAD H - K4
25, ROAFERR, M BT FEOMEEMM Y, BAE LIRIRIh, M LEANEBET S L 2%
BLASE, b THOMEREN: L, WTFEOARIEH Y ERELE LT, BEOLESE R LS H
BUEDNET TS B 22T, EHOIX, FROELHESC, HEOHRNAEER (RPGR) %, Ho4g
EE@@EENURA)k.%%DQEX(KWR%%hK,moiﬂﬁﬁ®ﬁém%T5@%@$E$@&
B (RAR) 2125, 30DBEHROME LCHERT 2 RN ARE L. SEOBEILUTO®ED Th 5.

L st FMOEBRENE (RO a-7 7547 ¢ vELS) Ot BE—t FEo HE B2 Bt Ui H
TOEGOERMITEYBETS &, DTOBGERNRTT .

1 dPw_Root Activity Rw - 1 d Pw
Pw  dt Rw Pw " Root Activity ~ dt
(RPGR)=(URA) x (RWR) x (RAR) :
(zzT, Pw nBAGE, Rw 2t FHLE, Root Activity [ ZHRFERIY D a-NA B{LB 27T, )

o T, MOMMNAERKL, RO OOEROKLE LTREK, (RN TOREEDEEY, HTH
DEBREME &, 1 M THOMEEGE,» B TE 5 - LSRRt

2. (ftko4 a-NA #{tg&/hr)/(##%E) %, Unit Root Activity (URA rmg3R) Logg. URA o
HEHRD VAR TOERINTEAERBD LR oo, BREFER COLRIFEETH 7.

3. ke ER T A THEEDE &%, Root Weight Ratio } v\, RWR ¢&ER+2L, =
hIEESKIEYONERYRTC Lickks. RWR oRBEBERZERIL, & NOs-N i (50 ppm) ¢
%, Rdbhieh ok, € NO-N #ith (10 ppm) i, #bbh, BN BEIMET TS L, WFh
DEWEEE TS, RWR i3#gma R L.

4. BHoOLHEHOME (a-NA BILEDEE) w3, {EE DT INE D %, Root Assimilation
Rate (RAR) Lrfs. RAR %, BMEEIVNSWIE Sk L s BfIR R L, AB I oh, RIEE
ER<, RAR i, K& <mamsnli.

5. BHEORHHMEE, P o TRER, RPGR (AR #BIoh, Wb bR b
i, RPGR O, BMEEN NSV YRR DBEARRL, i, BOBRE (2 NOsN L ~1) %
BT &e5L, RPGR o 4T 5 @025 Lico :

6. MO ICLS, HAEEEO®E %, Root Growth Analysis DHETHRIFL TR L, (EEE
BT, A sp. (Weeping type) ® RWR 23, B sp. (Erect type) X bk ¥\ MEFEI2IT0D i, i
DORFE LT, BRI X 2BEE/EL, SEdbhih ot

NII-Electronic Library Service





