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The growth analysis, introduced by Gre-
corY® and Brices, Kmp and WEest?, and
developed by Watson'®:1 and his collabo-
rates, was considered to be only a means
of analysing the plant growth from the
point of view confined to the carbon part
of the whole dry weight complex.

In this growth analysis, the relative growth
rate (RGR) of a plant or plant population
used to be split into derivates, that is, the
net assimilation rate (NAR) and leaf area
ratio (LAR). However, if it were possible,
it would be desirable to take the concepts
for uptake of mineral nutrients by roots on
plant growth process as has been stated by
Evans®,

We also considered that it was more
essential to analyze the plant growth not
only from the responses of above ground
organs of plant to various spatial environ-
mental conditions, but also from the pro-
cesses of mineral uptake by roots at the
same time.

Various root characteristics, including
physiological activity in roots, which go-
verned uptake of water and mineral nutrients
and the top-root mterrelations should be,
in a way, introduced into the analysis of
plant growth processes as the parameters,
and the influence of environmental factors
on them must be verified.

In the present paper, we discussed the
relationships between the derivates which
composed the root growth analysis and the
growth functions by which the growth
analysis was constituted.

* A part of this paper was reported at the
166th Meeting of the Crop Science Society of
Japan, on 12th, Oct. in Kobe, 1978.

** Present Address: Faculty of Education,
Kanazawa University, Kanazawa 920.

Materials and Methods

Two cultivars of Italian ryegrass, Lolium
multifiorum Lam., i.e., L. multiflorum var.
mammoth B for erect type, mammoth A
for weeping type, were used for the ex-
perimental materials.

The experiments were carried out in a
glasshouse at the Inst. Agr. Res., Tohoku
University from May to August in 1976.
About 3 weeks after sowing, May 28, young
seedlings, about 10 cm in plant height, were
transplanted in the opaque plastic boxes,
40x21 x21 cm in size, filled with HEwrTT’s®
nutrient solution. As the treatments, three
planting densities, 3X3 cm, 6x6 cm, 9x9
cm, and two nutrient levels, NQO;-N: 10
ppm and 50 ppm, were employed in the
experiments. The cultural solution, ad-
justed to pH 6.2 by dill.-H,SO,, was re-
newed every one week over the experimental
period. Samplings were performed every
two weeks.

The outermost plants of two lines in the
culture boxes for the 3x3 cm and 6x6 cm
plots, one line for the 9x9 cm plot, were
rejected from the sample materials to avoid
the sampling error caused by the border
effect.

Whole dry weight, top dry weight, root
dry weight, plant height, leaf area, number
of tillers, number of roots, maximum root
length, and a-naphtylamine (a-NA) oxidiz-
ing activity in roots were measured. SAKAI
and YosHIDA’s!® method was adopted for
the «-NA oxidizing activity in roots. At-
tached roots of three plants of each treat-
ment plot were soaked in the flasks filled
with the reagent. After 24 hours incuba-
tion in the constant temperature of 25°C,
the absorbancy of the samples were measured
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with the spectrophotometer at the wave
length of 510 nm. The values of URA
(URA=Ra/Pw), RAR (RAR=1/Ra.dPw/
dt), RWR (RWR =Rw/Pw), were calculated
by the procedure proposed by Kujira and
Kanpa which described in the previous
paper'®.  Where, Pw, Rw, Ra, are showed
plant dry weight, root dry weight, «-NA
oxidizing activity in roots per hour, re-
spectively.

Results and Discussion

WELBANK2? has ever discussed the re-
lationship between the size and the average
rate of nitrogen absorption (Ry) by calculat-
ing the specific absorption rate for nitro-
gen on the basis of root dry weight (Ay)
and the root weight ratio (RWR). He
reported that the amount of absorbing
“Machinery’ was parallel to the root dry
weight, though this was likely to be only
approximately true, and most of variation
in Ry was caused by difference in Ay.

Recently many workers have examined
the possibility that a constant functional
balance can exist between root and shoot
systems despite varying external conditions.
Davipson® has investigated the functional
relationship between the size and activity
of shoot and those of root system, and
proposed that the relationship could be
represented by

Root Massx Rate (absorption) oc Leaf

Mass x Rate (photosynthesis).

Hunt and Burnert®, Hunt”, HunT,
StriBLY and REeAD® have tested this ex-
perimentally with their data of Lolium
perenne L. and Trifolium repens L., They re-
organized the DAviDsON’s expression into

Root Mass/Leaf Mass oc 1/(Rateabsorp-

tion/Rate photosynthesis)
and they have interpretated above expres-
sion in the following from

Rw/Sw o< 1/(SAR/USR) or

Mass Ratio oc 1/Activity Ratio,
where Ry and Sy are the root dry weight
and shoot dry weight, respectively.

THORNLEY'® has pointed out that the
above mentioned expressions are unneces-
sarily complicated, and that those are com-

pletely equivalent to the following such
similer equation,
AM:fM'AW,

where AW is the increment of total dry
weight during the period of time at, AM
is the corresponding increment in weight
of the element M (M could be a single
element, a group elements, a single com-
pound, or a group of compounds). aM
is a fraction of total increment AW, and fy
denotes the fraction.

Up to the minute, RicHARD!?, RICHARD
et al.'® discussed the top-root interactions
and RicHARD, GrRoUBAN and CoLLins'® also
examined the relationship between the in-
crement in plant nitrogen (AN) and the
increment in plant dry weight (AW) with
the fruiting tomato plants.

We had tried to discuss in the previous
paper®!® that the plant growth process
must be analyzed through the medium of
the top-root interrelationship and the physio-
logical activity in root system, and had
pointed out the evidence that the top-root
relationship might be closely connected with
the root behavior and the physiological
activity in roots.

We also have proposed a new idea of
“Root Growth Analysis” analogous to the
former growth analysis, by introducing the
concept of the relative activity in roots
into the analysis, and showed that the
relative growth rate of plant (RPGR) could
be split into three derivates, i.e., unit root
activity (URA), root weight ratio (RWR)
and root assimilation rate (RAR)!®.

The relationship between URA and LAR
was showed in Fig. 1 and Table 1. Positive
correlations between URA’s and LAR’s were
recognized irrespective of cultivars, plant
densities, and nutrient levels as far as the
experiment concerned. As a rule, the value
of coefficient of regression of LAR to URA
in the NO;-N: 10 ppm plots were smaller
than those in the NO3-N: 50 ppm plots.
Physiological activity in roots might exert
positively influence on the expansion of
leaf area on which the photosynthesis of
the plants depends so that the increasing
URA brought about the increase in LAR.

Fig. 2 and Table 2 showed the relation-
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Fig. 1. Relation between UKA and LAR.
A and B are the Italian ryegrass mammoth
A and B.
@®, a, WM are 3x3cm, 6x6cm, 9x9cm
planting densities in NC3-N: 50ppm nutrient
level.
O, A, [, are 3x3cm, 6x5cm, 9x9cm
planting densities in NC3-N: 10 ppm nutrient
level.
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Fig. 2. Relation between RWR and LAR.
Simbols in figure are the same as shown
in Fig. 1.

ships between RWR and LAR. The RWR’s
indicated the positive correlation to the
LAR’s in the 50 ppm-N plots, and the
correlations, on the contrary, were negative
in the level of 10 ppm-N plots. The para-
meter b of the regression line was a positive
value and the regression line showed the
appearance of rising by degrees toward the
right hand side of the abscissa in the 50
ppm-N nutrient level plots. The calculated
regression coeflicient b in the 10 ppm-N
nutrient level plots, on the other hand,
showed the negative value, and the regres-
sion line fell gradually toward the right
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Fig. 3. Relation between RWR and NAR
Simbols in figure are the same as shown
in Fig. 1.

Table 1. Regression coefficient (y=f¢+ [:ix),
correlation coefficient (r), between URA
and LAR.

Bo 31 r Bo Brl r

N-3 0.10 1. 19 0 986 0.18 0.39 0.728
N-6 0.14 1.07 0.945 0.16 1.05 0.960
N-9 0.17 2.00 0.977 0.16 1.85 0.961
L3 — — — 0.09 1.02 0.985
L-6 0.11 0.94 0.984 0.09 1.40 0.998
L-9 0.11 1.00 0.86 0.11 1.29 0.969

drom» @

hand side of the abscissa with the advance
of plant growth stage.

The relationship between RWR 'md NAR
was showed in Fig. 3 and Table 3. The
circumstance that the negative correlation
between RWR and NAR in the 10 ppm-N
nutrient level plots was turned into the
positive one in the 50 ppm-N nutrient level,
was the same that in the case of the above
described relationship between RWR and
LAR. There were the tendency that the
regression line which skowed the relation-
ship between RWR and LAR, RWR and
NAR were moved down to the left hand
side in the 50 ppm-N nutrient level as the
plant growth was advanced. Because the
RWR’s values were decreased in the 50
ppm-N nutrient level’®, and the LAR’s and
NAR’s values were cecreased (Fig. 4) too

np
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Table 2. Regression coefficient (y==3,+ 1 x), correlation coefficient (r), between

RWR and LAR.

(A) (B)

Bo B r Bo B r
® N-3 0.018 1.214 0.737 —0.440 4.500 0.982
A N-6 0. 042 0.964 0.982 —0.190 2.750 0.904
n N-9 —0.090 2. 000 0.977 — — -—
@) L-3 —0.115 0.816 0.631 0. 360 —0.679 —0.728
yaN L-6 — — — 0.698 —2.308 —0.908
O L-9 0.409 —0.838 —0.963 0. 400 —0. 867 —0.998

Table 3. Regression coeflicient (y={,+£:x), Correlation coefficient (r), between

RWR and NAR.

(A) (B)
Bo B r Bo B r
® N-3 —0. 008 0.121 0.717 —0.100 0.750 0.454
A N-6 —0.016 0.207 0.681 —0. 051 0. 450 0. 866
| N-9 —0.090 2.000 0.977 —0.085 0.650 0.447
O L-3 0. 060 —0. 142 —0.805 0.021 —0.036 —0.435
JAN L-6 0. 086 —0.236 —0. 826 0. 039 —0.092 —0.533
0 L-9 — — — — — —
with the advance of growth stage. There 0.4r o
were the tendency that the regression line 0.3l (B) i (B)
in the 10 ppm-N nutrient level were moved Tl . A
down to the right hand side, on the contrary, 507 R 8
with the advance of growth stage. The 0.1F B
RWR’s value was increased in the 10 ppm-N - i m : i m
nutrient level, because the root growth was Date Date
promoted in this nutrient level®. 0.03 r
It was recognized that the root growth =0 02l (B) 4 (E)
would be influenced by the nutrient levels = ol ] . | - 4
and the RWR’s value would be determined, 0-01r . . ‘T ] c: L
in the results, in both cases. It was con- 1 Il m 1 I it
sidered that the RWR’s would have an Date Date
important meaning against the dry matter Fig. 4. Changes in LAR and NAR.

productions.

The relationship between URA and NAR
was the same as that in case of above de-
There were not constant relationships be-
tween RAR and LAR, RAR and NAR,
respectively. It would be necessary to think
the meanings of the RAR’s value more
clearely. These relationships between RWR
and NAR, RWR and LAR were showed as
a model in Fig. 5 in the lump.

In a young stage of growth (point I),
RWR’s value was increased with the ad-
vance of plant growth, for the physiological
activity in roots (a-NA oxidizing activity)

I: Jul. 5~]Jul. 20, II: Jul. 20~ Jul
30, III: Jul. 30~Aug. 13.

Simbols in figure are the same as
shown in Fig. 1.

was kept high in the 10 ppm-N level!®,
When the plant growth would be advanced
to the point II, if the nutrient level would
be increased (50 ppm-N), the increment of
RWR’s value would be stopped and LAR’s
and NAR’s values would be increased.
Then the point (II) would be able to shift
to the another regression line in the 50
ppm-N nutrient level. So, the point was
marked down (III).

The growth was advanced in the con-
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LAR(NAR)

RWR

Fig. 5. Relations between RWR and LAR
(NAR).
H and L are 50 ppm-N and 10 ppm-N
nutrient level, respectively.

dition of 50 ppm-N nutrient level from the
point III to the point IV. In this period,

the RWR’s, NAR’s, LAR’s would be de-
creased. Then, if the nutrient level would
be decreased (10 ppm-N) at the point 1V,
the RWR’s would be increased, and the
point IV would be able to shift to the
point IV’ on the 10 ppm nutrient regression
line. It was considered that the time to
change the nutrient level would be variable
by the differences of the plant species, soil
conditions, cultural season, of course.

In the previous report', we made clear
that when the nutrient level was changed
in the course of the growth period, the
top-root relationship was changed elastically
parallel with the change in nutrient level.
It was considered that the physiological
activity in roots would be kept high during
the long period of growth stage, and the
top-root balance would be kept suitably by
making this artificial repetition at the
nutrient level, so that the plant would be
grown normally. We recognized that this
model might be cxpressed the cultivation
technique carried out experimentally and
theoretically.

Above mentioned facts were seemed to
be very important and interesting pheno-
menon to think over the cultural manage-
ment of growing crops.

The hypothesis on the top-root relation-
ship introduced by Davipson® and de-
veloped by Hunt and BUrRNETT® and
THORNLEY!” have given us a clue for
further approach to the better understanding
of a plant growth. The method of root

growth analysis proposed in the previous
paper!® have incorporated the physiological
activity and top-root relationship as the
growth parameters in its procedure. The
root growth analysis, as a matter of course,
will not a method to be confronted with the
former growth analysis. It was recognized
that the derivatives composed the root growth
analysis and the growth analysis were inter-
dependent mutuality in substance. We
want to examine in the various nutrient
levels, and discuss about the problems, in
the future.

Summary

The cultivars of Italian ryegrass, Lolium
multiflorum Lam, were used for the experi-
mental materials. As the treatments, two
nutrient levels and three planting densities,
were employed in the experiments. We
discussed the competition among individual
plants with special reference to the functional
relationship of the derivatives that com-
pose the equation of the root growth analysis
to the growth functions commonly used in
the so-called growth analysis.

The positive correlations were observed
between URA and LAR (Fig. 1), and be-
tween URA and NAR. There were the
positivie correlations in the 50 ppm-N
nutrient level, and negative correlations in
the 10 ppm-N nutrient level, between RWR
and LAR, between RWR and NAR. It
was considered that the derivatives com-
posed the root growth analysis and the
growth analysis were interdependent mutual-
ity in substance. These relationships were
showed as a model (Fig. 5) in the lump, and
we discussed in relation to the cultivation
technique carried out experimentally. It
will be necessary to examine and discuss
about the problems in the conditions of
many nutrient levels, in the future.
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fn X & B

Root Growth Analysis & Growth Analysis OEEM—A 7)) 7> -
S 4 45 Z (Lolium multiflorum Lam.) Dig4—

i F oR-m H BEFEH
(HALR - BEBITERD

BRI, MTEABESEOREO—2 L LT, RO a-NA BbhEERL, o, EWEED HEEKL L

EE LIV T, BEOEREFNITS L5 FELHuRIEL, Root Growth Analysis LIEAK. ZOFT,
Root Activity/Rw % URA (Unit Root Activity), Rw/Pw » RWR (Root Weight Ratio), (1/Root

activity)- (dPw/dt) # RAR (Root assimilation Rate) :E#H L7:. (z 2T, Root activity tix, a-
NA bl - hr! - s Dz & THB.)

LY, choDOFERL, EEMMEOCEHRTHS LAR, NAR » oMBBEFEZHEN, 22, B EOK
IEH - BRI oWTh, BEToBxmz . URA ¢ LAR (Fig. 1) * ofliciy, o BRI TS
i, URA & NAR L oic b REOBFHA RS bt BOEIER (URA) 12, s EHOXARBET O
gein NOg-N 50 ppm X -CLXiEoAEBIBIGR 2, Hi 10 ppm KTk, AOHBBGIRED bhic. BEhES &
froiEvic o, T OMBBEBROEVL, (R LOMIER, Mk OME L SBEFRrES b0 EE 2
Hhd. ULaL, Root Growth Analysis & Growth Analysis & oBf3itE, Fhic, $REHN & OBEGRE B
T 570y, REERPARBLTEY, 4%, fic 0k, £ oM TOERRIC X - TRtz
T E ol
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