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Summary

The diversity with form of root system is observed among the leguminous crops. Gener-
ally, this diversity becomes clearer with the progress of growth. The clarification on the
cause and contents of this diversity has not yet being performed enough. Accordingly,
I consider that the understanding of root system formation has been fragmental and the
community and characteristic of the crops has not been grasped systematically.

Therefore, the systematization of contents of this deversity and its process of formation
in order to obtain a collective understanding is the main object of this study.

Accordingly, first on the basis of consideration that the vascular bundle system organs
forming roots is the fundament for root formation, I clarify the vascular bundle system
in main root, hypocotyl and stolon. Next, on the viwpoint that the process of root system
formation is composed of three basic and common elements, elongation, branching and
thickening, the study on formation of root system in the following 25 leguminous plants
has proceeded:

Glycine max Merr., Phaseolus angularis L., Phaseolus vulgaris L., Vigna sinensis Endl., Dolicos
lablab L., Canavalia gladiata DC., Lespedezae striata H. et A., Lupinus luteus L., Arachis hypogaea
L., Cassia mimosoides L., Trifolium hybridium L., Trifolium incarnatum L., Pisum sativum L.,
Phaseolus aurens Roxb., Vicia faba L., Vicia sativa L., Vicia villosa Roth., Vicia hirsuta S.F.
Gray., Trifolium alexandrium L., Trifolium repens L., Trifolium Pratense L., Trifolium subtera-
neum L. Medicago sativa L., Melilotus officialis L., Astragalus sinicus L.

1. Relationship between the vascular bundle system in the main root, hypo-
cotyl and siclon and the formation of root

Main organs forming roots in the leguminous crops are main root, hypocotyl and stolon.
Since all roots are endogenously formed, they are connected to the vascular bundles.
The radial bundles of the prototypes from 2 to 6 were found in main root, but especially
the radial bundle of 4-prototype (arch) was the most frequent followed by the bundle
of 3-prototype and the 2-prototype radial bundle could be found only in lupine. In com-
parison with gramineous crops showing the multi (poly)-prototype, the concentration
into 3 to 4-prototypes is characteristic in legumious crops (Fig. 2).

Although it has been considered that these prototypes are tentatively constant in crops,
I understand in the light of certain variations in alfalfa, broad bean, kidney bean and
others that it is not always constant. Sometimes, 4-prototype was found in alfalfa of 3-
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prototype and 5-prototype was also found in both broad bean and ladino clover of 4-
prototype, and 6-prototype was found in kidney bean. But the freguency of their appear-
ance was very low, 2 or 3 percent at the highest except in broad bean where the highest
is 20 percent. On the other hand, the hypocotyl is situated at the transition region of
the vascular bundle system from root to stem, and disposition of vascular bundle at this
region shows that radial bundle of root and collateral bundle of stem are mutually in-
tricated with each other.

Prototype Crop

di-arch lupine(e)

tri-arch pea(h), common vetch(h), hairy vetch(h), chinese milk vetch(e),
alfalfa(e)

tetra-arch soybean(e), swoad bean(e), cowpea(e), hyacinth bean(e), green gram(e),

kidney bean(e), alfalfa(e), red clover(e), peanut(e), broad bean(h), red
bean(h), crimson clover(e), sub-clover(e), white clover(e), Japan

clover(e)
penta-arch broad bean(h), ladino clover(e)
hexa-arch kidney bean(e)

(e)...epigeal, (h)...hypogeal

Accordingly, the length of this transition region affects greatly the disposition of bundles
in whole hypocotyl. The crops of epigeal cotyledons had generally a short transition
region and the transition often ended a few millmeters away from the base of hypocotyl,
but many crops of hypogeal cotyledons had long transition regions. In the former, there
are crops of which the collateral bundles are branched after the transition and also others
they are not branched. Soybean, peanut, lupine and others are examples of branching.
In the case of soybean, the number of vascular bundles is first 4 and then 6 after branching
and increasing farther up to 10 (Fig. 3, A). In the case of peanut, the number increases
from 4 to 14 (Fig. 3, B). This fact can be grasped as the potential increases in directions
of root appearance on hypocotyl. On the other hand, as the example of long transition
region, in pea with hypogeal cotyledons the transition does not end at the epicotyl but
at the first internode. (Fig. 5) The case of vetch and broad bean is also similar to that.

The formation of roots at the transition region is few in these crops except broad bean.
But, red bean although is hypogeal, the transition region is only 2 or 3 mm long. This
point being similar to kidney bean in the genus Phaseolus with epigeal cotyledons, the
relation between both species is interesting taxonomically. And, it is characteristic
that the number of vascular bundles of red bean is as many as 12 at the lower part of hypo-
cotyl, and they run parallel without brandhing. (Fig. 4, A).

I consider the fact that many roots are formed when the molding is performed at the
hypocotyl of red bean is closely connected with large number of vascular bundles as well
as the unbranching of vascular bundles.

In the case of white clover, the stolons elongate from the leaf axils of main stem and
propagate on the earth surface with the formation of nodes, but one or several roots appear
from each node (Fig. 6). In strawberry clover also stolon devleps, but the formation
of nodal roots is found only to a certain degree, although a distinct development is found
in white clover. The formation of nodal roots is initiated at the nodes next to the main
stem and develops up to the nodes near the tip, but the rooting part of the node are right
and left alternation; a petiole and a lateral bud develops from the same side.

According to the anatomical observation of these relations, first in the internode of
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stolon annular arrangement of 8 or 9 collateral bundles with somewhat different shapes
around pith is found. Next, the three collateral bundles ({1, Iy and I3) among them depart
to the petiole, and the vascular bundles between them on the same side branch to axil-
lary bud, meanwhile primordia of the adventitious roots originate on the upper and lower
shoot gaps located opposite to the shoot trace of the axillary bud which is to be developed

into secondary stolon (Fig. 7). Accordingly, they appear on the same side as the petioles
and axillary buds.

2. 'Three patterns of branching habits in the main root

While it is apparent that the root system of leguminous crops is formed with main root
as the central axis, with observation of complex of branching roots of different length
and diameter we meet with a problem by some means the process of its formation should
be clarified.

In the case of gramineous crops, the parts of root formation are limited to the nodes
and transit gradually from older (lower) nodes to younger (upper) nodes. The means
to clarify the process of root system formation is easily obtainable with advancement
of the research. Instead, in the case of leguminous crops, no reliable criterion can be
found. Additionally, research is more difficult because thickening growth occurs in the
leguminous crops different {from gramineous crops.

In order to obtain the means for clarification, I decided first that the research on the
branching process should be performed exactly from the initial stage of development.
Irom the results obtained it was clear that there are three patterns of branching habit
through the growth period. It is proper that they are classified roughly into types of
pea, soybean and alfalfa.

The branching habit of ‘pea type’ has the very simple pattern in which the branching
initiates at a region close to the base of main root and reaches gradually towards root
tip (Fig. 8, A).

‘Alfalfa type’ has the complicate pattern with repeated branching of pea type (Fig.
9 and Fig. 10). The intermediate branching habit of both types is found in the ‘soybean
type’ (Fig. 8, C)).

The discovery of such branching habit can bring forth useful means to clarify system-
atically the formation process of root system which had been hitherto considered to be
complicated and unsolvable.

3. Three patterns of secondary growth of thickening in the main root

The pattern of thickening growth in the main root and the branching roots is the im-
portant factor in the analysis of the formation of root system in leguminous crops in addi-
tion to the above mentioned branching habit. Especially, from the fact that the form
of root system is characterized by the thickening growth, it is necessary to find the funda-
mental pattern for classification of the diversity among crops.

The thickening growth initiates following the maturation of primary central cylinder
tissues and progresses in approximately parallel with the increase in plant height. Ac-
cordingly, it is recognized that the form of root system becomes more charecteristic from
the middle period of growth. The thickening growth initiates at the base of the main
root and to the branching roots, generally the direction of thickening varing with the
type of crop and not uniform, but it is convenient to classify the pattern if thickening
growth in the main root into three types, ‘little thickening’, ‘basal thickening’ and ‘exte-
nsive thickening’ (Fig. 11). The type of little thickening is found in pea and vetch, and

the thickening growth of main root is small and scarcely found in branching roots.
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The type of basal thickening is found in soybean, kidney bean and others, thickening
is prominent at the basal of the main root, and little toward the tip, and it is charact-
eristic that the form of the main root takes the shape of a funnel (Fig. 11, 12).

On the other hand, the type of extensive thickening growth is found in alfalfa and red
clover, and the thickening is prominent on the whole main root.

According to the observation of thickening growth of branching roots on the basis of
thickening type of main root, it can be clarified that there is a close relationship between
both thickenings. Namely, most of the roots branching from the part of prominently
thickened region in main root thicken proportionately, but the thickening of roots branch-
ing from the part of little thickened area of the main root is little.  Such a relationship
between both is clarified further by obtaining the correlation between diameters of main
root and branching root (Fig. 14-16). With the secondary roots of diameter over I mm
in peanut, a correlation value as high as 0.820 is obtained (Fig. 17). It can be concl-
uded that the thickeness of roots branching from a main root is variable depending on the
thickeness of each main root. When these values are arranged according to the coefficient
of variation (CV) obtained on the cross section area of each branching root, they can be
classified into three following groups (Table 7). :

Vetch, pea and others are contained in the group of the smallest CV value; alfalfa
and red clover are contained in that of the largest value; soybean and kidney bean and
others found intermediate. This classification is interesting with its correspondence to
that of thickening growth type in main root. Again, such a classification on the basis
of thickeness of branching roots is connected closely with the form of root system, and
the first group shows the fibriform root, the third group shows the arborescent roots
and the second group stands intermediate (Fig. 18).

Further, there is a close positive correlation between the diameter of branching roots
and the length of roots (Fig. 36). Since the vertical distribution of roots relates to the
length of main root and the horizintal distribution is determined by the length of branching
root, the distribution of root systems can be testified by the type of thickening growth in
main root.

The vertical and horizontal distributions are superior in alfalfa of the thickening growth
type and a case in which deep-rooted distribution can be found. However, shallow-
rooted distribution of shallow vertical and broad horizontal distribution is found in the
basal thickening type. The distribution of roots with little thickening type is considerably
affected by the depth of cultivated soil. (Fig. 37).

It has been hitherto known that in main root of alfalfa and red clover contained a high
content of starch. Their main roots belong to the type of extensive thickening growth
when total available carbohydrate (TAC) content and their thickening types are stated
inconnection. As to the TAC content, the highest value was obtain in the extensive thick-
ening type and lower in the order of basal thickening type and little thickening type
(Table 9, 1-7).  This trend agrees with the trend of thickening in main root, and shows
that the storage function of roots has a close relation to the thickening.

4. Adventitious roots developed from hypocotyl

In some leguminous crops, roots are formed in hypocotyl by deep sowing or molding,
and sometimes their growth overcome the growth of branching roots from the main root.
In our country, molding on soybean had been performed for a long time and recently
the effect has been usually recognized to depend on functions of root formed on hypocotyl.
In fact, roots grow often from the hypocotyl also in the case of ordinary cultivation, without
molding, but thesc roots are not distinguished from the roots from the main root. These
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roots are only several in number and they have not been in question. Not only in soybean
(Table 10) but also in broad bean (Fig. 24), kidney bean (Fig. 20) and others roots emerge
often from hypocotyls. In these crops, the growth of climbing crops tends to be some-
what inferior in rooting to bushy crops. (Table 11). But, in pea, vetch and others even
though they have vine, rooting from hypocotyl is scarcely recognizable. Such a difference
among crops is understandable as a difference with divisional function of parenchyma
tissue among vascular bundles forming adventitious roots on histological observation.

This division activity seems to have a close relation to thickening of hypocotyl, being
the hypocotyls with higher level of thickening having a greater number of roots with
active growth. For example, 4 mm diameter of the hypocotyl of soybean at the germi-
nation reaches 20 mm at the latter period of growth, but the diameter of pea hypocotyl
is only about 5 mm even at the later period of growth. (Fig. 25).

These seem to show that the division of parenchyma cells among vascular bundles
is promoted by thickening growth and accordingly the formation of roots increases.
Difference of growth between above mentioned crops both bush and vine types seems
to depend on the degree of thickening growth and the length of growth period. Again,
roots are scarcely formed from hypocotyls of crops with main root of thickening type,
but one of these causes is considered to depend on the active growth of roots of main root
system.

5. Adventitious roots developed from the stem

There are a few cases in which roots are formed on the terrestrial branches touching
the soil in the peanut varieties of creeping type. These roots are short and do not enter
into the earth, but they seems to play some role in the growth of branch and bearing
of peanut. On the other hand, stolons develop in white clover and one or several number
of nodal roots are formed from each node.

Coordinating the above mentioned results with the systematical arrangement of vari-
ous roots composing the root system of leguminous crops and factors concerning the for-
mation of roots, these results can be finally summarized to the following classification table.

Grouping of Habit of root T ype oi: secondary Form of root
crop branching thickening growth

1 pea type little thickening fibrous

2 soybean type basal thickening medium

3 alfalfa type extensive thickening arborescent
Distribution of Storage function development of

root system of TAC adventitious roots

1 changeable low meagle

2 shallow intermediate prominent

3 deep high few
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Fig. 1. Development of root systems in leguminous crop and gramineous crop. The former root
system (A) is formed with the main root as the central axis, whereas the latter (B) develops
from the nodes.

A...70-day-old broad bean secdling B...60-day-old wheat seedling ‘')
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Fig. 2. Prototypes of the main roots in leguminous crops. Radial bundles of 2 to 6-arch were
found in the main roots. These prototypes (component number of xylem and phloem)
are tentatively constant in crops, but sometimes 4-arch was found in alfalfa of a 3-arch
and 5-arch was also found in either broad bean or ladino clover, and 6-arch was found
in kidney bean.

A. Lupine G. Sword bean M. Broad bean (4)
B. Common vetch H. Green gram N. Broad bean (5)
C. Pca 1. Cowpea O. Alfalfa (4)

D. Chinese milk vetch J . Hiacinth bean P. Alfalfa (3)

E. Soybean K. Kidney bean (4) Q. Kidney bean (6)

F. Red bean L. Peanut ( )...arch




kkkkkkkkkkkk ) ] b = 2 B o BRI B3 5 pFg 15

MicRD shi,

I/h@m,:>%>Ny§,«7u—&y¥3;0%%&WEVMaﬁ@ﬁax/Iva
XZX/Iva@ﬁ@vyf,7»77w77m3ﬁﬂﬁmbbmt.L#b OB 4, 3
JRBLD & D B3 K43 5 T2, BMCA MO o BETRDon (Fig. 2,0). Ny F
TYRD, by s 3RMERL, A EMHIETNENIZIE 120 O M5 TRIIT 30T
B2MRBIE 3 HIIE s UTEMR LIty S ht.

FAZX, PXF, FEIA, ISTA, $H5, 59084, YIFY, 4 v5v3 A, Ly
FOO—NR=BLUVT 2 A4 FRNED SNz, 4 EROBA A & 652505 19 5 [ i
U, 2B 4EaHRIC IS Uk, VIwA, TRAFERFEMIETSTH D &
DTH-7z.

V7 = A DN EER SR 4 AR T OB KRS TH 7058, 5 EBAERT & D H#20
% & otz (Fig. 2, N). it, AVE =2 TR 4RO SDORETITH SN BHAIC6
EHED SOy X5 Biflic i &hiz (Fig 2, Q).

§2 %mtﬁﬁéﬁ%ﬁﬁﬂtﬁw%ﬁ

WD 5 A~ DHE J ML D y TIED B IESTHEE A S ML AN DR i T
bt s. *i&@@ﬁfiﬂ’)ﬂé 'IWL IEITEBE LIPEN B, & OEHALICIZAR & O HEE g
PHEICADIRATO S, EBFICEOTREFARBA 245 LT, IO HEEIIC L180° oD il i

%bt@%l}w WD EBAT 5. TOMBICE TR HE LJ\@NLFU BhROENE e, 20

B3O SAEMOEEBRLNZDT, AHITENTRIDEICHODHTSEE L.

2J B EFEEHEY

BB UCETBICBIT LS ROZOBOEAICRBYISHIT2DOD2 4 FHHD, 23T
WHHEE CRESALS TR ERLKEFOFTEPEITUTLET S 24 7 EIRMNTHES S
24 7PEHeNTT, O BEHEEREROFBERMOLEE b4 it sDT, &
CEFRITHESERSETE D&, LEbDILS T Til<5,

211 B CEOTHERIARTELD

Fig. 3, A 34 A4 RO TF il — P — LR S THES RO T 2 T2 R LI BD T,
a, b, ¢, d @HEHMOMMHEZRL TS, THRINFHCEBE5ET Lic4 2O HEE K (@
I F M ll[h@fh” Bk PRIEMIICUE L\uuxf%ﬂ%hzﬁlfm\ot/uSﬂ?xlbttx'éi): o Eo 1A
fmm®4owogfuc%wTéT SR A LTHUOHEERS, 6 LBk Tc6eM

EREAI &S (b)), oFic, hRigiciSd 5 5, 6 DHERIE eh 2 m~2 LT

y%&@@ 6" AL UADTIOEICHINT 5. FHEMTIE3, 28L04, 102 HOHFNH
z’7>~f EMAE SRS, LW B A SO 1 BX P4 RENETNH LOSEEAEL SN, T

SHELUAEBALT2MOMENRLES, FEGChHROS, 6 3EY 249 50T LKEIT
BEBABOMERBAESNS T it b (d).

7ybt4®1n(mg38)iri#m&m H?%@f,*‘%@ﬁﬁi$mﬁﬁﬁé.
FIRTOMEERIE 24 ZOEE SR BIE S AEBITSbN s, TRINTHTE BB HES
(a), @#TPIWWM&SiO@@fBf\&#monMCU%H/®) ébc%%%ﬁYf
14z B (o). RIRETIE SRk U HER U1 O 2 43 UCEF0MEIc Hm L7z (d).

— DI -Im“C LEE RO S EBEEEN S Fig. 3, 0). FMREF2HMTHAA, Chn

E2)  —fRIIRIE v S 413 hypocotyl DA IO WP E - T B, KFSCTREME % F b
(hypocotyl) & LIl (epicotyl) XM L-TIERT &ITT 5.



16

e PR B e

0y 43 5 (1977)

T S L SRS SRR LN [
RREGeet ks diin v e il
LS . "E q : - V:ﬁ:é., 7

TR e & ‘F’ .r;"'v'% /Orfi,
p) l"" 35?;"“ o f 7

2%
0y
2%

REA Y T
Ny “"égg}

».“‘:;.';.;‘ 7 R,
o EX g
¥ e
3t 00 ;M*‘“g’;‘
L

17

2
Liorigel
-

a5

A

-

Fig. 3.

C

Connection of vascular bundles and
their cross scctions in hypocotyl of
soybean (A), peanut (B) and lupine
(C) seedlings. In these crops, vascular
budles are branched in the hypocotyl.
The vascular bundles of soybean and
lupine are first 4 (a) and 6 (b) after
branching and increased further up
to 10 (C).
number of vascular bundles also in-

In the case of peanut the

creases from 4 (a) to 14 (C).
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Fig. 4. Connection of vascular bundles in epicotyl of red bean (A) and their cross
sections (B, C), Although red bean is hypogeal, the transition region of 2 or
3 mm long exceptionally. The number of vascular bundles is as many as 12
at the lower part of hypocotyl, and they run parallel without branching.
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Fig. 6. Development of nodal roots in white clover. In white clover, one nodal root
is usually produced at each node of the stolon.  In this case,three roots appear
from the lower rooting place and one root from the upper part of the node.

p...petiole ur...upper root Ir...Jower roots

2

Fig. 7. Transversal section of an internode (A) and the node (B) produced the nodal roots in a stolon of
white clover. The annular arrangement of 9 collateral bundles (Vb) with somewhat different
shapes around pith (A).  And the threc of them (/y, {; and l3) depart to petiole (Pe) and the nodal

roots (Ru, Rb) originate on the upper and lower parts of the shoot gap (5g).
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Table 1. Root development of pea (Pisum sativa).

Date Jan. 20 | TFeb. 20 '\ Apr. 8 i May 6 June 1
Plant height (cm) | 383 | 596 | 95.0 | 145.0 157.5
Distance O~ 5cm | 27.8% (4)** | 26.6 (4) | 27.7(4) | 29.3 (4-5) | 30.6 (5)
from the 5-10 | 20.1(3) | 18.8(3) , 189 (4) | 223 (4) 20.2 (5)
base of 10-15 | 180(3) | 158(3) | 17.9 (4 16.6 (4) 17.2 (4-5)
main root 15-20 | 143(2) | 145 (3) } 16.2 (3-4) | 14.1 (4) 12,7 (4)
Total no. of roots \862 | 757 | 80.7 | 82.3 | 80.7

* number of secondary roots every 5 cm from the base of main root
** degree of branch roots

Table 1 shows the process of the root system formation of pea in the pea type. Total number
of first order branch roots in the certain root- -length are constant through the whole period of
growth. This means that the new first order branch roots don’t cmerged any more. At the

same time, the high order branch roots (secondary and tertiary...) clongate orderly from base
to tip of mother roots.
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Fig. 8. Habits of root branching in pea and soybean. In pea (A, B), once first order branches grow at
the base of the main root and extend to the root apex no similar branches appear any more. In
soybean (C, D), new branch roots (arrow marked in figure D) appear temporary mainly from the
main root and vigourous branch roots.

e © W branch roots

1, 2,...8...appearance order of branch roots Oviiiins main root

V5= A RNy FI5E Vicia FICHEEN B RO RBIHIGIT O 2 4 7R Ulc. BT
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Table 1 3= v v OMOEHERBER LSO TH S, AHNMNZMLTE 2 KIROBEA
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SHTHITH B BRI H - 7o ds, i S 20em FTOWMCHIBLU 78 2 RREUIL L H T 2
SNlETIEEALEES 7. Table 1 IWRLAz = v My OHBRMOEST &, MR-
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Table 2. Root development of soybean (Glycine max).

Leaf age L1 | 24 | 33 | 42 | 54 | 63 | 72 | 84 9.6 | 115
* Plant height 26.9 | 267 | 337 | 341 | 387 | 53.0 583 | 599 | 61.0 | 63.7
Rl L : : ;
5—10 2 2 2 3 3 | 3 3 3 3 | 3—4
10—15 2 2 2 23 3 3 3 3 3 3
15—20 122 2 2 | 2-3 3 3 3 3
Total no®** 1 950 | 1066 | 1082 | 1115 1184 1184 1196 1258  139.7 | 156.7
of roots : ; |

*: degree of branch roots
#%: distance from the base of main root
#%%: in the 20 cm length of main root

Soybean type can be regarded as standing halfway between the pea type and alfalfa type. As
shown Table 2, total number of secondary roots in the certain root-length (20 cm) increases
gradually with the growth of stage, because the new branch roots appear again from the main
root. But it is not so markedly and regularly as allalfa type.

KELS BN, e, TOBADPORELTOAIE 2KMBICHIBORERS SN, DT
EW, TP BONREEERE L ATHS (Fig. 8 C, Table 2),

COEIBWHRBEERZ L, DERWBREZT L7 707 MEEIMUTNS &SI 3%,
EEEPEORSTEDTHE. £4 XDBAREICHRO BEBHO TP nEh b bR
BAICRBIEARIR S iz n T & B —EOWR S M BBz il hfitebh s o
ETHD. COBWRT v htd, 4 vFv=st, X%, Y5, Fr=r, ¥ HFICHE
W EHNTED,

2) FuhwABLUAL V<R

7 v e A T 2 IRIVBOASR R 250 H BT e & IS WCHIN L7 A%, 53 5~6cm D #4ric &
SIS Z 0. £ 4 XD TR ERIERICE BT BB b—ICh B2, 4 v Fv=
ATREDDICOFABYETHS. LhrL, HERENEERD <3 &7 0»
(Table 15) .
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HZ G T—B &4 U7z (Table 14) WAEMIC Bk A5 A S Mt D,
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Fig. 9. Schematic diagram showing the habit of root branching in alfalfa. The main root (0) grows first,
and the first order branches (a;, ay,...ay4) appear from the vase of main root and extend toward the
root apex in succession.  But subscquently, the second group of first order branches (by, b,,...by) begin
to develop.  Following their development, the subsequent group of ¢; ¢y ...cy and d;, dy begin perio-
dically to take shape. This characteristic can be observed also in the case of branches of the second
and third orders (A).

B...root branching in Chinese milk vetch (Astragalus sinicus 1..)
C...root branching in alfalfa (Medicago sativa 1..)
a, b, ¢, d...cach group of the seconcary roots which has different period of branching
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CDHA T DW 2RO AR B%E Fig. 9 IKBalgIoR Uic., BH#%, 1R (0) K005
& ERNT 2O S EIIT T A - TH 2 IR ay, as...ag BRI, L. FD%,
St OIS S AL S, by, by by A ay, a5, T DTN THKIE L (Fig9, B).

COk 3%, MRS HBOBO B LA, 5T e, 00 ELTEDbR, dy, do BRKDIR
BT - CTHBLZ. Lhd, ZOMBICZ—EDMLEaA sl (Table 3). 5k, HkD
BT &I, byba.. &y, e & di . MEOHRDERA, BIE UTRANCHMUL a, az.. a8
DENFNICEELTREINE L ETH-72. COT EEFABMOHRNKE A EmME 72D
DL 5t ok ilE, Fig 9, A~ClitB3 3% a, b, c,d O Fid, ThENR UMALPS
OMEKAEEDLT LR, ZCHoDMMBHNE SRLTVS, T OMHALE NEHNIICBIEY
2&, Fig. 10 DX SIS, THbH, SICHUMRUIHRBICEEE LT OE D& L MREIEAAE

Fig. 10. Vertical section of the root-shooting position in chinese milk vetch (A) and the external form
of the root-shooting position in alfalfa (B) and egyptian clover (C).
a...the initial branch root b...the second branch root
c...differentiating root

Table 3. Root development of alfalfa (Medicago sativa).

Date \ Dec.7 | Jan. 1 | Feb. 2  Mar. 14| Apr. 12| May 17 j§wMay 31*
Plant height (em) | 2.7 2.9 3.8 5.7 22.4 50.3 | 55.6
R Leaf zigc

Period T 2.6 3.5 4.3 7.5 10.0 20.1 23.2
of root emergence - —

a 34.2%%% | 30.] 30.7 29.7 36.8 40.6 | 40.0

b ) . 1.1 3.7 124 | 216 30.9

c ) . ) ) 2.8 8.9 17.7

d 1.2 7.0

¢ . . . . . . 2.6

Total number of roots** | 34.2 | 301 | 31.8 | 334 | 520 | 723 | 982

a, b, ¢, d, e: each group of the primary roots which has different period of branching
*: the beginning of flowering
##%:in the 15 cm length of main root

4% number of roots which belonged to the cach group

Table 3 shows the result of the growth in Atlantic alfalfa plants sown in 1961, November 3.
Development of first order branches to place four to five times by the time when the plant
began to blossom. The total number of roots increases gradually with the growth stage.
As to the interval of period of emergence, it requires the long period in cold season and vice
versa in warm season.
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m%?%@@fﬁo,ché@ﬂk&&ﬂ&ﬁmm%@%&%&@%m@,“&wwﬁﬁﬁ%é
bOEEAL N, FCTASTRIEALEIC XS RARLHOIHEEICDNT b#RE L.
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B2 EBRMBEBLUHE
ERBEHOWEKEEC DN CREBESOEREMBVICIELT, 20® LEPHERE
ot Uk, WL 14X CES), 5 v b4 (TS, 41 0575 r= 2 (REERT
), Fr=x (AFa=2), #9455 (ZRI¥5), 2y (v24) BXETA7 707 5
(FrovFoy) THol.

NB, ERICBUAMREED 2 — VEBET LD, LEOEBIKOEDOSDEEM L.
FTRbE, vy Frua—n— vxF ) (2AEHE), TXF (KWD), 4 ¥ =t (v
R, HEERE, TAYAER, vervik AR, ByXs, FE), v ), 3 v
2y, F, vIwr (JIEER) €, 2OEPKBEELLTRL - I o -~ 7 70—
N vy (BBRBWAE), =FFF 7y a—-N-BIUREON A 2Py, AXRA )
v EHR U,

Pkl 2 4 A LR U THFIR BN S B -7, EE 5~ 6 #hE kT TEICLER
FURHSIHL, FRIEEEHS 20em ORI WCH - T lem EXAICEOEEEZMEL .

FRIT19654E D 519664EICH 72 0 AP B IR CFTE - 72, B3 3 7 — b kBIHE# T 40cm ©
R HE UEK 30kg, @7 The 24&HHAA L THEE Uz, 20%, H% 3.5ke, IME 1.6kg
it e Ui U U7z, B IISBRTERR D IC % 1.5kg, MIHE 2.0kg 2 U, HEmIZED
Wiz 7.5m? (25mx3m) &L, M 40cm, B 40cm ICHEMURFHRBBIS LT I#EL
fo. BEREEDES A~6 H, 2EYWRIAKTE -/, BEHRERLFhOERER AR
Lo, MAXOWBEREEYSHICOWT, ZRZFNOEMER LI o0 D TEIRLEERHNTE
Haghkos, BEHDS 2cm OMBEF N4 L —CREAH, ZhEPYE E~BLTIHMU:.
TWEBRB I EERICER U, WEES AT S -8 TS g LB kB a8
KUz, Wk, ThERFLTH EBOAERE LA L.

DEBOEKEEORBB L NEHEOMBEIDOOTI, DE¥OEBRMB EFEILE - THE -
7o, EREHRBBEO O ELTH, 2y (vr4), avev~yF:, vI=2 (IEEE
), TAT 7y (TEFUF o), Ly FZu—nNe 24— Ju—nNe 5D rn
=N vvy, N=v—-n B, FEO SOEUTRE, S ub w4 (FEREND, 24X
(CE#), 72% (RWE), 4 v Fr=x (Fo=A LHEID, ¥+, 4495 (R34
BEUF =2 (HFa<2) BRI,

M 85e# 30cm OWSICHEHEL L TH—KBE XS5 EbL, BRELT17 -1 % MG
Ik 16.9kg, fi% 1.5kg, 7 1.8kg Z4&BIcH L. ZhZhO/EHic>0nT 1.2m? (1.1% 1.1m)
DRBRZZY, TOABEALEEHSMOTRE 4 #HEFOEON 5 » TR L. 3
BICH > TRAERTRERMY M LcDB, BROEEH S 20em bz - THE LTINS 4~
TOSERERFICEN S OEREWE U, WEMBIELSH S lom M HMED ks 3
ZRY. DEIC, EROMKERER &RKMBOIHEICONTIE, 3O0MkEERMS 2H
FRRENE SOERERAYE.

CNSOIEMOFFE20008D 17—y 7 3y bt LHaEsw, SIRELTHE . | %D
%%%;@51%,mng%&wﬁﬁm5g%&@MML&%@M%ﬁbk.36%,@%&
LTTv7 s 07y BERUV y Koo —8— 1Tl 3 H20H, B fEMiciz 7 H26H, #.5 1 %y
NA KRy s R Bg BREHELTH LK.

0k, MEAISAHTHRVER 2 7o b R I = 5 v v 200080k B ST LT 7 7 5 s il
Ulc, YWD 79 <A, 395, 2 v o Bkiiave v~y #ICESRET N,
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SO ZHEHEAEREROTHE Y bSO U, 3, 35 X MBI 1T T iR
U, B TI00 2 » ¥ 2 DL LO#EK & UCimicft Lz,

RIKAL D ERIE, Weinmann KD F " 12 & - TIFh L, FIUHERKMEE (Total A-
vailable Carbohydrate) %5 L7z, 47b B, k¥~ 7 0. 1g~1.0g % 100cc D=7 5 =
TIAN, MK 100ce ZMAIDBROH 7 AFEN T = 2 TN 258 L, 304 85
LTRY, TO%, BEETAHHLLC. BE%, 0.5%2 0 FT A& —€H (FIRO bO% B
L72b®D) 10ce &gt (02N Eif+0.2N Feley — ) 10ce ZMA T, 44M5[H 37°C~38°C
DOfEREGPICHE Ui, !‘ﬁ%%é}%, 5% HCl0.75cc %MA, BRBAHIE DI T05BZEL
TG Ui, ZD#%, 25% NaOH THRIL, # 27 7 2 2 it AWTEZ (250cc) & Lizd
D6 2ee~5See FHLY H L/ Somogyi thiC Xk -~ TEBHiE LTERE L.

BIM RBRER

§1 FRICBITBZBXERD 2~V EZDER

FEROEREREWICE - THELUSHELTED, BRBEOELVSD (FAvri7 ) b
5, RIS WED (v iFy) ETEDSNK (Table 4, 1~9). WEME AT S fiE Tl
A OBEED 15mm LW U 20mm W HET B EME, %HFTHE dmm fiEEO-72/hINnbDT
Hoilc.

Bol, BOERVERPOHABEEI Do ECATARITMKEBILEDNA WAL # 4
THBDON. ZCC, ThSERBENTHEPS 3207 v— PRGBS E L LT,

Table 4(1~9). Secondary thickening growth of the main roots.
Table 4-1.  Alfalfa.

Date | Feb. 20 Apr. 28 May 25 June 23 Aug. 14
Plant height T
(cm) 2.8 28.7 74.0 98.2 105.4
Diameter of
hypocotyl 2.1 3.3 7.3 9.1 12.8
(mm)
0* 1.7%% 2.9 7.5 8.9 12.8
5 1.3 2.8 6.8 8.9 11.3
10 1.2 2.5 5.8 7.4 9.6
15 1.0 2.1 5.0 6.6 7.5
20 1.0 1.5 4.0 5.4 6.0

# position from the base of main root
*% diameter of main root at the position

Table 4-2. Red clover.

Date Feb. 8 March 25 April 15 May 17 June 19 Jul. 16
Plant height
(cm) 3.0 5.0 10.7 52.0 76.8 96.3
Diameter of
hypocotyl 1.2 1.4 3.2 7.2 9.7 13.3
(mm)
0 1.2%% 1.3 3.0 7.1 9.6 13.2
5 1.1 1.1 2.7 6.0 8.3 9.5
10 0.8 0.9 2.4 3.5 5.1 6.0
15 0.5 0.8 1.7 2.6 3.6 4.6
20 0.4 0.5 1.1 2.5 2.5 4.5
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Table 4-3.  Soybean.
Date June 28 Jul. 14 Jul. 28 Aug. 12 Aug. 29
Plant height
(cm) 334 71.5 90.6 94.5 95.5
Diameter of
hypocotyl 4.0 74 11.5 15.8 21.5
(mm)
0% 3.5%% 6.0 10.0 15.0 22.3
5 1.5 2.0 2.1 2.5 4.3
10 1.0 1.1 1.6 1.5 3.2
15 1.0 0.9 1.0 1.3 2.8
20 0.8 0.4 0.9 0.8 2.0
Table 4-4. Red bean.
Date June 28 July 14 July 28 Aug. 12 Aug. 28
Plant height
(cm) 12.3 27.8 47.3 64.5 92.6
Diameter of
hypocotyl 3.1 4.7 10.0 12.0 20.0
(mm)
0% 2.8%% 4.6 8.0 12.0 18.5
5 1.0 1.3 2.3 3.0 4.5
10 0.9 1.0 2.2 1.3 2.1
15 1.0 1.0 1.7 1.3 1.2
20 0.6 0.7 1.0 0.7 0.9
Table 4-5. Xidney bean (bush type).
Date June 22 July 14 July 28 Aug. 12
Plant height
(em) 32.0 41.0 44.0 43.5
Diameter of
hypocotyl 5.6 7.8 11.0 9.0
(mm)
0 6.5%% 7.4 11.0 9.0
5 1.4 2.8 4.0 2.5
10 1.0 2.0 4.0 2.8
15 1.1 1.2 2.5 2.3
20 0.8 1.0 2.0 2.0
Table 4-6. Kidney bean (pole type).
Date June 17 July 1 July 14 July 28
Plant height
(cm) 36.4 178.0 290.0 312.0
Diameter of
hypocotyl 4.5 5.0 7.4 7.0
(mm)
0* 3. 2% 5.4 5.7 5.5
5 1.0 1.8 2.0 1.3
10 1.0 1.2 1.2 1.4
15 1.0 1.0 1.2 1.1
20 0.9 1.0 0.9 0.9
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Table 4-7. Broad bean.

Date | Dec. 1 Dec. 28 Feb. 2 March 1 Apr. 17  May 11
Plant height
(cm) 12.9 17.9 26.1 46.8 93.3 136.0
Diameter of
hypocotyl 5.0 6.7 10.7 13.2 18.0 19.1
(mm)
0* 4.2%* 5.9 10.5 12.9 16.9 18.5
5 1.6 3.2 4.4 7.1 9.5 8.8
10 1.1 1.5 2.1 4.3 6.0 4.7
15 1.0 1.0 1.4 2.6 4.1 3.4
20 1.0 1.0 1.2 2.2 3.0 2.5

Table 4-8. Peanut.

Date June 28 July 14 July 28 Aug. 12 Aug. 29
Plant height
(cm) 14.7 28.8 36.4 44.2 53.2
Diameter of
hypocotyl 5.0 7.0 8.9 10.3 11.0
(mm)
0* 4.0%% 6.0 8.6 10.3 9.6
5 3.0 3.0 4.0 3.8 3.8
10 1.5 1.4 2.1 2.1 2.1
15 1.0 1.3 1.6 1.7 1.9
20 1.0 0.9 1.2 1.4 1.7

Table 4-9. Pea.

Date Dec. 1 Dec. 26 Feb. 2 March 12 Apr. 17
Plant height 113 163 25.5 41.2 77.3
{cm)
0% 1.7%% 2.9 3.2 4.1 5.7
5 1.1 1.2 1.2 2.2 3.3
10 1.0 0.8 1.1 1.9 2.3
15 1.0 0.8 0.9 1.7 2.2
20 0.2 0.6 0.9 1.3 2.0

Table 4(1-9) gives the diameter of the main roots at 5 cm intervals from the base of the root
measured at various stages of their growth. The activity of the secondary growth is greatest at
the base and least near the root tip of the root. The degree of thickening varied according to
the species, from about 20 mm to 5 mm at the base of the main root.

A B C

A...extensive thickening type B...basal thickening type C...little thickening type
Fig. 11. Three fundamental types of sccondary thickening growth of the main roots in legumes.
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1. BXE (Frzrrz 8

2. HEIEARE (X4 X

3. /MEXE (=mrrFv®)
TH-T, #hoDres — |3 Fig. 11 DX S5 KBRWIGRT C EHTES,

B, BEEXBTREEOENCL -TEISI 2205 v—-FIKBITED L) Thb. T
Whb, BREMGRAERERT I V- EBBREEERT IV —-7THS,

1.1 BBXE (PA 7207 78

COBOEYE, EREKITH T BAKEEY BERLOBERTHE, Tr7r07 7,
Vy F7a—N—ODEDPL AL - Ja—=N— | J )Ly yu—— TFFFTYIo—
NoIZED 7 a—-n—H&Ehb, Trv7 A7 7 TR, KRIBOLET33APSENOEE,
BB O THEPICIERBOBRY B S SNl h, 8 APMICBEIMOBERED 12.3mm &75 0 A4
BEOMOKREDH 8%, WM TCRABTVOEED 6 #5IC biE U7z (Table 4-1). FROBER
BEEDPS RBIKHITROPEAETHLRLY, TRy HREE LK. Fig.12,a, b k7
Ty s BIU Uy FIu—N—DERTHE. MERIOTHOBELEEYTH LD T, HD

a b < d e f g h i i k

— i — . i /

N A [—— . B 2/ \ —y J
extensive basal little
thickening thickening thickening

type type type
a. alfalfa b. red clover c. broad bean
d. soybean ¢. green gram f. peanut
g. cow pea h. Egyptian kidney i. sword bean
j. pea k. common vetch

Fig. 12. Classification of the thickening types of main roots in leguminous crops.

RBEHICEROERORELNE, 74707 7 T3, 3EBIC 20mm~30mm iELE D
@ﬁﬁ§<66ht.VvP&u~ﬂ—%TW7TW7?&WU@W%%bkﬁ,%%%@Mk
ERPPPNEL, EROBEBIZES, HHMOD D &1 -7, THbLE, 7oz rr7 2Tl
%%#6Zhn%ﬂk%ﬁ@ﬁﬁﬁ%%QWZﬁwlKmofm%@K&d(SHMBL Loy
Pﬁm—»~f@%3ﬁ@1&m91mk.&caf,ché@W%fﬁim%WK&af,&
RICHMOBRBELREEIND LS THEH, FLrrzrrs ORKREBEZFhoLEENTTH
MEET, SR RB AR LT,

1.2 EEEAEAR (41 XEYD

AR, TR*, V=i, YxFYy, A=, 5 v AL, BVS, FEARCO
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FeeR Ui,

EROIEE» S 2em U Sem BN IR S ALK A E KA T 570, B b
B-T, ZOBEBEREFRERTBLS5 S, LML, ffck - TIETIETEITH5 T D A3 A
BY, BITHMBBSDELT, ¥4 R, 7X%, Y25, 594 BLUY T Ah,
<6ﬁ@@ﬁwm<ﬁ5§®&bf,%ﬂ?i,#%fﬁ&%ht.C@mﬁﬁ,kitiﬂm
DOHELE—HLTEBD, WHEPAREEZRTOICKTL, B 3MREEER L.

ZTT, MM XS UTBIEEITIL - 7.

EROLNDBAZNOLOD

V7= A TEEAOGRBECHN S, EROEETRINALEIHE L TERARITEPNI IO
LT, XD EEHFYOHS THEBEINE D720, 2 HIRIBNS EHFDENED
LTHMBICR D ED. ol 2, 4AITHORETE, BHOMEKN 169mm, Fhho
Scm N7 BALT 9.5mm, FEHAH S 20cm MIEGHE O OWALTIE 3mm L0, BHRO K 3
S 6em WO & T ATHESMTERD LTz,

B4 ZDBESBEKEEDRBDERIZY I ADEAEEE L FBETH -0, PR, K
WS bem QA TR ECIWIKEEBIEBETH -2, KL THEBLD lom~2em DEL
T T, 8 ATHICK 20ecm i@ Lz, IR LT, XY 5ecm~10cm DA TIE 8
A FEcithb sy pRIERNASNIICHE -, RE LD 0cm DL EEEN 7084 Tld 4 < IRR A
BN T, F70, BRI SREINTH T (8 Ak o T EMaedichic -
KIEEBEFTT B 3 NETOHMBALNDE N, ZOHETHHBONKITH~D E#H105D 1
T ERhoTz, FOH 8 H29H O MAEMIT B MBI IRk &8 - 72,

CDEHIBMAIEE, 7XF, Y2+ Y, T h A XBNTHADLIEHTE, UL,
HALEDOBE RN L - THBO L UNBBEPPRBEERTEALHL D, >E R B 44
7 DB S S pisbhi.

Fh, 4 v v A TRERERDO T ELOES (Tem) R -TARL, 20 XD BN
DOMATRIEEAENMALIESh -7, ELITHERHS 10em Y RN 3 &, HHR YO H[_EE A
ZOFTEHEERM T THHBENE r =2 BED o, CHITMAT, 4 v v~ 2 TEREENY
DOIRAKENT &b H - T, ThOHTHOMENIC2 4 7O EBED o,

RO LN BEehELD

LD A4 ST, MAERORBHMBITEELD PPEL, ZODICHERBD < KR 5T,
WCIA., F445, YL VP rBIURFE2=2BED “Unil” OMBEEO>EDILIDEA T
DO (Fig. 12, g, h, 1) BB OSNBDTH-T, 4 7 v A TIETROEE &R &0 Mic—
HOMBBERADONIZDTH BT |

FCT, AYF U AL DNTRESICHB LI AMOMEEFLUMAELL, bbb, #
HBHELTRY v EOKRS, BRS, 74 ) DPFRBLUHE, vyrr v ML LTREY
X5 JLEH, = b ABEEEBER, SHOBOICK D TR M AJEROLE /LT LB
LicDTH 5.

ZOER WHEORT EMOEIER Fig. 13, 1~4,5~8 TRT L &N TEE. LT AT, 41~
Frw AT, R EBROBEREAED S KOAHRA MRS 28 ERDD GBS 3HD,
ZO7DERMBRET B EEH Ty rtkDhicby v+ v O SO IETUIIBERAS
NAH, 20O 2B ANTHETIE, WHORBEBOEZXNT L ENTES.

WFRICLT S, W OMESROBREREERE LT, —&, #Nshs 30500,

A:3)  EhX THED L T, LIS~ Meyers™ Ol & b —HT 5.
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Fig. 13. Comparison of the shape of main roots in bush type (1-4) and pole type (5-8)in the varieties
of kidney bean. The shape of main roots of bush type varieties are remarkably constricted but
that of pole one are not so remarkable.

1. Shirokuro 4. Mantle 7. Kinugasa
2. Nagauzura 5. Kuro kinugasa 8. America hirasaya
3. Edogawa 6. Chikushi

ZORLBERHEDR SO THY, L EHOBERLHELSBNEEDLDLTHENEDTLAIL.
UL, }‘,’Ll,'-i&’rké@)%?ﬁ%@hd WW—DDMIEMEB RN Nl &, EEh P EROBEE
LTHbhi , EMRARBIBRO PO TH 2 FICEbOTRIEEN. OSSN
T3 63 Cj’o{:‘f“{ SITH K Uiz,

1.3 /EBXAE (T v Ko#b)

WHEHOF TRz Y Py BLUa v e v~y FOMLERCD X 4 7OUEER UIED, &
BN S A ) LV PYRRARA ) Py T DE4 FRIBETEC Edbhatr. DX
A 7 ORBAETORMMABLT, ERAKDIKEEINS N ETHSE, PIZE, oK
T TRTREROEREITEZRKICGET 5 4 JHAToHTH bmm BIFICT X+, NAOHR
SELOTHET, 3PETRELALEABEDSONIZ. 3T~y FTHEHISRPEL
omm PIFTH5B. LIcAHoT, ZOXA 7O EMIIIIE EIEBOKIDEINE L, ZDIBIE
FHE U 72 JERBZ MU /NE S Lc kS BIBIT 2. 1, COL 4 7O Eda v >
Ny FLFELU, Vida BON 52 TV FURRAXA ) 2 P BED SN T EIZBIEEL.

§2 SHIROIEXER

21 BEXERONEOEY

Fig. 14 = v F o ITB T EMO IS S 20em 1Th 7 3 W4T HBL L4 2 RARD i %
EHEMEW NG Lz b0 ThB. CORDS, xylfr’/fc;tZJvJ”Ffuif IMAEEREEA
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Fig. 14. Diameters of lateral roots developing along 20 ¢m from the base of main roots in pea.

EfFEbhA, EREO KRS 0.lmm~05mm OFHMMIIKH D ERH Imm KEFT S SDIBRE
WEIHhE, HESEOREI LBk, LbL, TO®RDTLEBLWRERNHES,
4 A8 HOHETHEMEEHS 10em FTORFICHBLI SOICEROHMAED SR,
Lo LSS, 10em LDEEHFDOHSTE IEALCEBMZLEAESSNY, EED 0.5mm
LFThHotc, 5, 6 QIS EEBICHB LI SDOERNT, HENDA - TR T 5 Hi
BoNToh, CHEBEBEALTIE LZbD LN, ChER LHAREROERER
BRFABOa ey FRBNTOEDSNL, TbE, TOHBEMERNIGETS4H8H
OPWEIIC S Ilmm L ED DT FLT, 20Ut Imm IKELEP 7. 0k, HEKI
& o T 10cm D5 & D bIEMEmMIT, A, BXT 3 bosRNEENIY, TORKE
EPHDTHEL, = FyOEBEEREWLM T,

—J, CRODOEHICHBELTRPRAREEDORENSDIKY 7= 4, Fyh el BHb,
52 A TRE2RBOERSEEET CIC Imm §Bi#dD, =Py, Ny FiC~3 Epish
kL, COBEBRYE (4HIH) OFEMETTIRIZLALEMEEP72d8, 5H6HOH
KT, BROLE,S 10cm OHEIEE COMMITHBR UL bOIKHTFHRPRNRSE SN, H
BRSO 2 % (2mm §i%) KELE. LHL, 10em pSERFDICHRLIZSD TR
EEAMEABLTIEEAEIERAEERA SN T, HRLFOKI LESHARTH .

5y helDBEEbChELBPTEY, BHIEEHS 10cm T TOMMCHRLIHE 2 KR
OHICHDPICIKRT 5 DD - Fcds, ERERFIEEAL Imm » 5 2mm OEHNTS - 7. #:
0 10cm O L D RIMEFEO TR Y 7~ A RARFLAERRT S bOHADOSNLE -T2, Bk,
5, h w4 ORI, BAT 382 RESEREFCHEPES, HE» oK 0em ORHEEEICD
Y TN EBEUZOWMICHB UL T RTORBOTRSIEKRT A ETH-T. TOH
SHHEMITHM Uz bDEFERL, BEHSHNBIONTEROKRIOBP T 50 LLALT
Ml o7,
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3.2 PEXEEOXZTNED
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Fig. 15. Diamecters of lateral roots devcloping along 20 em distance from the basc of main roots in soybean.

HICEAR UIRY, BROBEH S Sem QM E TOWMCHE L b DO IR HHY T BAA N
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RHEHETED 10cm QWS HB L URLEDOHE 2 RBBMWA LI, Uh L, HBH ORI HIM
WMIEDFET, T IBREERD SN -8 | Zhite LT, i 10em $40L0 5
FWMFOIWCHR UL SDRBELALAE BRI IHFNEh o7, T8bE, £4 X CREBHHE
(ERPFZELUIBRT B85 KERLAOZBRRLTRMRICEEL, BRELELL -
THRBORELE 5B L5115 E5E3H).

CNEFE ST KRABREBIANT X+, YY), A vFry=2CBOTbADOIEL. &L,
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FEUT D ICHRT 55 2 KIRE 32 DI R T 2 M A S hiz,

WJ7, v¥, F2=22ED Yt EYTREROEEICHB U 2 RIBE Y T
<, PRDEEHEHVICHRUIE 2RI BIKRTE OHHY, v+ P& BED5E -
BB ROEEN, TRbb, v r YR TRE 2RBTIKEED B X S5 A5 5
HERIRONBBEBEZD ook, YA ER TR EROMER L b 20em F < F % 2 RBOI
KTBDHRAESHI,

&) TOHR, KSOREL2HBOBLELIC LI P TE, H2E3MKEVWTIERLE.
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Tig. 16. Diameters of lateral roots developing along 20 em distance from the base of main roots in alfalfa.

H12H5THIH ETORB UPRINTHRODON, EHOBE T EFERBEDICONTE
WL UM ROERIIKREICREEY, HEE3AH B EROEZH 20mm 5 30mm,
W2WMOEE D 10mm MiHO SOBZHED SN,

—F, TR ERBHBENCERS 0lmm £ - DD THAI NSO EEFFM ICBIEESLK
25, CORITEH OB TEBIKLIED -7 DODIED, L XM UH 2 /I bE
Fh T,

Vo F7a—nN—TRIKDBERT V7 7 07 7 TS RGPS T2, EDHOTH
PLBIRAER Uz, $8b5, BROPEKICE B - CTHHEBORKGRELED, vy F2
o=k L SHRATEHEABAELN., ZOER, COS V=T E LT =Y —4,
Ly AT hDRBEASEY SRk, LN b A TH B, AEHEAE IERLE
BzobORBREVEERSED T,

§3 AR &BRARDIEAIEE

W2 HOMRESD L, FROMAAERER &HRO LK EOMICIZEREMRRS S C LT
Ko, Thbb, MEABOERE DT Y Py Py FCEAEROEKAERE BN 0,
ABDT V7 307 7Ly FYa—N—TEHEROMASKEL, UhrbenoBERD
PREDERBDOBRSETHMFTIONADONG, T, BBEAMO L4 XP7 X+ TRE
HRD BT R U7e RO KA E (It UL, el 0 QM <75 - 72 A ITEE D /S
SHMRDBZ L SH Uie, —JF, FOBEENDY, -7 MRUEOAROHE C R
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Ehts, eNSROEEFFHRALT, BRAEEOKRENBOREFIKOWT LEOMRERET
B&, EROMKERER ESEBORKREOMICEIR D BESHEERROEEINS. Tabb,
TEROIEKRMBBAS TROBEROIK ML TH -, 20T, FMEOHMBEVRICT S
W, B2 TR LT, ZOEMICOWTE 2RKROER EZO HMEAITE Y 5 RIBOER
EDHM L EERDI, Fig. 17 35 v h 24 KD TOE2RMOER S £0 HRMMIC BT

(mm)

11.0

1001 ...

9.0¢ R R R
g .. .. L] @
g 80 'o °
g ©
“.g 7.0}
N O
A 6.0

5.0 °° R r=0.846

4.0} e,

rLd
11 15 19 22 (nm)
Diamcter of secondary root
Tig. 17.  Corrclation between the diameter of main roots and
that of sccondary roots in peanut.

a b C

-

Fig. 18. Reclation in thickening growth between main and lateral roots. In the little thickening type (I),
the lateral roots thickened also little: in the basal thickening type (1I), the thick lateral roots conc-
entrated at the basal part of the main root: and in the extensive thickening type (III), the thick
lateral roots aporadically developed along the whole length of the main root.
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Table 5. Variation of diameters of the secondary roots clongated at 20 cm in length of the
main root,
K=
o =
Diameter - % g 2 % 5
g g o - « = g 2 4
(o) 2 2 ¥ ¢ & F E 3 3 ¢ =
5T B oz 2 &8 E 8§ 2 T E ¢ £
0.1 43% 33 27 5 6 80 78 1 270 6 26 513
0.2 62 73 69 29 33 157 48 2 157 31 135 59
0.3 210 117 134 98 120 267 36 8 59 84 154 10
0.4 77 39 72124 57 117 13 1 13 10 94 2
0.5 43 31 28 82 72 77 20 44 13 136 254 5
0.6 42 7 18 39 11 27 10 4 9 9 30
0.7 18 10 11 29 19 14 9 26 10 22 36
0.8 14 14 13 29 31 20 7 58 9 63 67
0.9 19 9 10 20 11 7 1 66 2 18 39
1.0 23 11 14 49 28 17 6 77 13 31 39
1.1 2 4 16 6 1 13 1 9 14
1.2 1 6 10 31 8 5 31 2 7 24 2
1.3 5 5 3 15 15 9 4 4 6 3
1.4 1 2 1 14 2 1 4 2
1.5 5 4 9 26 19 13 38 1 13 13 3
1.6 1 4 11 1 2 1 1 4 1
1.7 2 3 2 9 6 1 2 2 3
1.8 4 5 3 23 11 4 17 4 4 2
1.9 4 10 2 2 1
2.0 7 6 5 21 12 12 18 6 11 9 7
2.1 3 1 4 8 5 2 4
2.2 I 1 1 3 1 1 2 2
2.3 2 2 2 4 6 6 2 3 1 1
2.4 2 3 1 1
2.5 5 6 1 3 4 4 1 5 3 2
2.6 1 2 1 1 1
2.7 1 1
2.8 3 1 4 3 1
2.9 1 1
3.0 8 3 2 4 1 5 2 5 9
3.1 2
3.2 1 3 4 2 ) 1
3.3 2 1
3.4 1
3.5 1 2 5 1 1 1 1
3.6 2
3.7 1 3
3.8 3 1 1
39 1
4.0 5 9 3 2 1 1 1 7
4.1
4.2 1
4.3 1 3
4.4 1
4.5 5 2 1 1
4.6 1
4.7 1 1
4.8 2 1 1
4.9 1
5.0 6 3 1 1 2 6
5.1
2
9.0 15 14 1

* {requency



42 TR 435 (1977)

BEROBEHREOMMKT+0.846 & 105 FHWEQ MMM Sz, 4 < 2 Cid Lomm Pk
D 2 WHIT DT +0.820 DFE OB AT Shic. LLESKMEMICOLTHE SN RECE

goghid,
5wh k4 r=+0.846 [HE lmm P EOBICo &
F A R r=-+0.820 ~ 1.5bmm ”
Y ox r=-+0.832 ~ bmm ”

COESBIEMESHBOBESPEBRIEBREZTME LTHMINS < 2 FERO RO EFHE
BAEEESY, IOKRRTIIRENEREL TS, EZAT, AilBOTHL DK
7ot BB ES RO BB IIBERNIC Fig. 18O X ICRT I ENTELS.

THbL, LI BzhFh/pEABsL CIEAETH S, INFEEIERE ¢ L O R
WAL, DR MENER (a,b,¢) KA SNE, £Of T [I-a O4RMRE T B EIZIERE
CIEko#EAAERL, - i I BicBEpL, I-b Kb x5 EWHEOPHMBMEABBE T LHTE
BDTH-T, ChHD5>OFMBMMERERUT LHEOBKEND EELSD.

RIS EBONIEAE EROIBKAEEN EOMIT BECEBNSEC EERLTNE L
Ehic, RILEMIEEBERENS SEBICAERDELD L EERTIOTH 7.

ZCT, VBT LOEREMNT A LD ENFROERITEHIN S HE 2 RMOEELRAL,
Table 5 TR Lz,

COENPSE2RMOKED Ny 3 Pbhbd, 1~20WERTITE LRI GHRL
7055 2 RIRDEBR O A 3/MS OHREBICHE T 242550, ERSAZRT SORIELA
ERhote, UL, —IE0HREHES DI 2 RIBO M EFHCD W TE BB ZE RO /EYH
O W®BEITIE 72 (Table 6). #O#HHB oI CVIHIKE > TZDMENDOD SR EWIHIC

Table 6. Coeflicient of Variation (CV) of the
cross section areas of each secondary

root.

Crop | cv
Common vetch 150.6
Broad bean 113.5
Pea 164.0
Peanut 103.7
Lupine 242.9
Red bean 257.7
Sword bean 270.0
Cowpea 211.2
Kidney bean 264.2
Soybean 362.6
Red clover 406.4
Alfalfa 419.4

Table 7. Grouping of crops based on CV values of the diameter in
secondary roots.

Group Coeflicient of Variation Crops

Common vetch, Pea
1 100~ ’
200 Broad bean, Peanut

Lupine, Red bean
2 201 ~400 Cowpea, Kidney bean
Soybean, Sword bean
3 401 ~500 | Alfalfa, Red clover
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BHTEE, BEZ3DD/ V=7 IKRHITEB LI IKBbRS (Table 7). 1 71— 71013
Ny T, TYFUREDPMERBMO bOBEENE. DECHE I O — 73 kB
TERINE LA ERIETNE. TOKY, WAL 2 WIR & RREICIERT 555 2 AR O 25 2
KEL, EMHEKREN EDICLTIHS,

COXDBHEMDREDERICHES OIS FTRBEOBIR (R BT bDT,
LRBNS TNEREBE O AR EB L2 BRER U, —F, ZRAKS kR
MOBERRE RS 51cE5. ILULI Q72— 7B 5 E0CIREESETIC > TIREIC
m%ﬁwwmm%.t&iﬂ,%Z&mKomféf%,H&%Zﬁﬂif@ﬁéﬁﬂ~f,&
AP >TROZTOENBIIDE . ZORBESEOENS b5 (Table 8).

Table 8. Coefficient of Variation (CV) of the diameter in sccondary roots and their change

with time.

Date Jan. 21 Feb. 20 Apr. 9 May 7 June 9 July 16
Pea 47.6 40.9 61.0 75.5 80.8 e
Alfalfa 16.5 28.6 57.8 114.5 146.9 241.1

Date June 28 July 10 Aug. 1 Sept. 9 Oct. 20
Soybean 66.3 79.3 111.7 161.0 182.3

g, TAT7 7 s TRAEFNHIKEIE 2RMOKRIZINELOTH—TH 72, 4, 5,
6 AEBIcBkMES, 6 BICRENMIBIEDOHWISEET -T2,

—J, I N=7Dx v Py TIRRBIIICA > TEESDPRR LN, #nToEET0N
D2 TER P o7, F, B 1 7rAr—708 4 XOBEAE, FEOL & 5 ERBNLE
HER UK.

§4 FARODIBKXER &AL OTHNME

4.1 FEXEOEY

TNT T BRIV y F7a—nN—-0F, BEOFITR (EREMBEDY ) KO2WTEE
FKTACEER L, Z0HBET V7 47 7 (Table9-1) 8L v » F 7 v —s3— (Table 9-2)
WSS TRLUI., COBE, TH7 707 7O TEHENE, THRICETS TAC DR ED
B BT SEERIHERTELLE W Edbh 5, BRTEFEI0BHBERTOICHL
T, EEROBFZELALIOBU T TH-7. 5H6 RISHIEE, 6 BL1ERWIEN» ST

Table 9-1.  Change of total available carbohydrate (TAC) content in alfalfa (Medicago sativa).

Date May 6 May 16%#* June 11
Leaves 7.9% 8.3 9.1
Stems 4.7 6.2 10.2
Main root 28.5 31.0 35.3
Side roots 9.4 11.8 9.5

* TAC content (%) per dry matter
## Flowering time (full bloom)

HE5) MREBE2HR, B3, H4- BONERERERIE L IO THS.
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Table 9-2. Change of TAC content in red clover (Trifolium pratense).

Date | May 6 May 16%#* June 11
Leaves i 5.9% 8.2 8.8
Stems 6.4 10.6 7.6
Main root 22.7 26.6 24.8
Side roots 7.6 8.2 9.7

*
Sk } as in Table 9-1

S L, TAC BREE®35.3%% R L. Chit VEIERTRIZEALIOBUTTH -
7o EBRIT B A AR B ERICHAS EHIC /3 BIETHI D &P - 7o ht, 2h T HEHERIC
hidnFh bt s L.

Uy F27 == TR LES REANHEINI, 1o, 77707 7 KNS
LaKIIT L A ARIENL S THD, EMOER BB TH 7. UL, EEOFRITH
~HE BB B ULLEL N -THY, BXZ23HoEBEoh. UhL, COBALLERD
GREBEBRO FHICENNE EAPICESHLI2UTER Tk, BB, THI 77 7,
Ly 7w =S =Tl B0 7 LB R AL R U7 BRO B LS i, s, AHEE
ZREHONEC ERDLES ChEDORBRAMLBOEE & LTOREERI LTS &R
WohThs.

4.2 EIABABR O/

IR I EROBIEE 2OoD % 4 AT LD T, ABERIBNTH () vvr v o
Ba s (D) vy vl Sa0 224 THE L.

@ wvrrvHoEe

&4 = (Table 9-3) & ' 7 2 % (Table 9-4) TFAEFMEAMR L TEICEY 5 TAC &
BATERIDBEL L -TEY, ECHECBIREMPBY I -T2,

Table 9-3. Change of TAC in soybean (Glycine max.).

Date July. 10 July 25 Aug. 9 Aug. 24 Sept. 8 Sept. 23 Oct. 8
Leaves 12.4% 9.1 10.6 9.5 16.2 13.9 12.0
Stems 5.9 5.9 7.2 7.6 13.0 16.4 16.8
Main root 5.6 5.8 6.0 6.3 9.2 8.1 7.2
Side roots 3.4 3.6 3.7 3.8 4.2 4.6 3.2

* TAC 9%, per dry matter

Table 9-4. Change of TAC content in red bean (Phaseolus radiatus).

Date [ July 10 July 25 Aug. 9 Aug. 24 Sept. 8 Sept. 23 Oct. 8
Leaves 9.4* 9.4 8.2 9.0 9.6 14.3 13.9
Stems 5.8 5.4 6.9 8.8 12.6 15.6 14.4
Main root 4.0 4.4 4.6 5.2 11.2 10.3 10.3
Side roots 3.8 3.0 3.3 3.2 3.7 3.4 3.6

* TAC 9%, per dry matter

FARXTRIALAETHEDHENRS - L EFh oS, 20%, ZOMBLELIELRD
IRUBBREDEREER L.

=75, BICBNTH 9 A8 BIKEEMAERL, ZhBUBLENITED L.
SERICBOTREBTNEI S —HUTIEL 3~4 B0 -4, Z2hTtb9A8H
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P59 H2BHITP O TREFMIP & > & b iE R Uk, ¥, 9HSHOMSTRIERD
ERERSIE LA EHD ZOMRIBHKRICE LTIV, I, #5Lb 9 H8 HIcliim &y,
EOMESELUTOROEEME~OBTIICHYS L.

TAFRBOTEHXAZEIZIZRA ARSI, TAC BHIDHECBENT o & bih -
7et, BAAEMIICAB & (9A8HAS 9 HZHIKMIIT) X0MpE By, Ho2hEmmL
fo. EMICBOT SN » T L, 2o 2 58 ke L.

—7JF, SHEIICB TR EEFNNAE LT oIt RVESE 2, EEMIIIC X AT HH
D&HoNEh oIz,

G vatkos

PV FRBNT Oy v v HESBER LK RENSS SN ds, v #F CHEROENED
BT, 8HALHIKEZBZBERUNEICH LU, ChBIEREIGEMETH D, Colicis
SERICBOT HNKRBICD SEOERHE S hie (Table 9-5).

Table 9-5.  Change of TAC content in cowpea (Vigna sinensis).

Date June 21 July 6 July 21 Aug. 5 Aug. 18
Leaves 14.6% 12.1 14.4 13.0 8.8
Stems 7.8 6.8 15.6 18.7 14.2
Main root 7.3 12.0 18.2 23.0 19.4
Side roots 3.6 4.5 7.1 8.8 6.3

* TACY per dry matter

P TP OEEOM MO bEmicd Ui, UL, #IHIKAS & L2
b,

4.3 MBAEIOEY

zryiFyRBllarer~yFcidERFR Table 9-6 L8 Table -7 itRT LS5, 4T
Wit U7e A LW & - /e SRR C, Bk 0 s TAC OFAREIF L FHL 7.

Table 9-6. Change of TAC content in pea (Pisum sativa).

Date March 15 March 25 Apr. 9 Apr. 23 May 6
Leaves 9.3% 9.0 13.4 17.2 14.6
Stems 10.1 11.5 14.5 19.1 16.2
Main root 5.8 54 6.4 8.8 7.3
Side roots 2.7 2.2 3.6 5.7 4.1

* TACY, per dry matter

KHhTh, 2y Fy TREFEUREZELTCEND - LbHEL, Eozhihdohic1~2%
T, —F, MTREECENTHEENVESE SN, 4 A802BURED 1/2KK
bELILh -7,

are Ny FEHEELEOGHICE > XD UEBERBEL-d, HERBTAETZHROE
LE2HEOI M ER L.

DX DT, INEKECE RO A EE TN L~ TR O B3R T I 0 Bk S5 I A8 o Hitic
AN G F AR ¥t % (il

T, HEBMAMOESEELEEROMMBLER LTI LT, MMEKREC DA
BEDEWITHAWHEOEDKRED T EL—DDHMEERS. UE, HEBROEHREEM
Y I LRES Py, Ny FEBKERDL/2IRNLL/ITH T,
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Table 9-7. Change of TAC content in common vetch (Vicia villosa).

Date ] March 15 March 25 Apr. 9 Apr. 23 May 6
Leaves 5.6% 11.4 9.4 14.6 9.5
Stems 8.2 8.6 10.6 12.9 9.9
Main root 4.1 4.6 4.1 8.0 5.5
Side roots 3.6 2.9 2.6 4.9 3.8

* TACY per dry matter

TAC content in the roots agrees with the trend of thickening in main root, that is, the type of
extensive thickening growth shows the highest value among the crops and becomes lower in
the order of basal thickening type and small thickening type.

LTAHT, mrFvy, Ny Fodd A3HOWERICIZE, ¥, B TAC &R —FiCHN
R Ll CO—BHERGEEO TAC FHRESHOOTES, LA AE, BBLTHNI &
2 S /NMERBAREEO BRI B ARNS VW bD EEZL SN,

gam E B

RO NEKRE 2 BT 510 - TREH L OPHRICDOT SR Lcds, il o Micin
MRS b7, o, 4 v =2 OFRERES (v rr vl SMRAERY (i)
ORICH T ORBHHMERD T ER Y, L L, BEOWRTIRIEEO BICAHMAHD 5
NBELELBDPNL 2S5, HESET v B4 IKDNT, KBIEE & /NEE O RIBED 4345
FEPRIC S D MEERZED H 5 C LER DI, THD L, KEEEEMRNE S SHBO MO IE,
BEBKRENOIH LT, /NI D 5545 DI X35 A, BRAE D { B AT 3 &
U7z, W Cd, FHA3E Rk, E5 W) QACESA 5 <, S fmm Cob, otk 13
P 2B, COWBMBBEMZIEHLNC ED 5, MO MERHOE R0
BICHBLTHS LS icbha, Fi, Meyers) 377 » 07 5> O SO EERE 1.
BACH 2. BRAM 3. EXBO3IDISHL, #hPhicshed 2 BROEEME 1. 4
RO 2. B 3. BBRME Lk, $ubb, (B0 bORMERO L CREE &5
BEMHETHOEIMO SO RBERMTHBE LTS, %7, Bolton® 1t ki Medicago sa-
tiva BHEMICK > THNNRH B0, M. falcata, M. media i¢ { &~T SRR, RO BRDI
CEMBICES 2 bOBE . Thitkt U, M. falcata T 13— 1 80 0 MIHRIC & T A
HUERBEEA EFLELITO. M. media 1335 U0 EMO EE D Crown OEFTHC D,
ﬁ&&aﬁimwﬁmﬁmMWEﬁéﬁmﬁﬁé&%%mfmé.m%,mmmomfﬁﬁbn
TERE™ O DOPETOHM LROBE EOMICHETREABY SNz, THb b, BEHOR
fﬁ%%%%&thﬁﬂ@%%ﬁ%<,mﬁm#h@mﬁﬁb,ﬁﬁmmem@%%ﬁ§<m
PRCBIAZES S LS. TS DRERE RN RO EE RO BBER T 55,
ENYLIGREMSHRAERE LRI BC ERBRIES . BHOMETD, BETREO MmN
ﬂmmaf%b,m%wﬂﬁﬁeﬁwwﬁﬁ%miﬁéc&mﬂ%&@bh%.b#b,%hﬁ
mATRRR LTS &, MIRICHE AR B 34RO T % O MIC IS 38 505 30 3 % CIe
@%Bﬁﬂok.?ﬁb%,ivﬁ&4@ﬁﬂ,¥j%$i@&&(ﬁ@30@ﬁﬂﬁﬁhf%
memmﬁ®%%%@%b,&<m,iﬂ@%k%%ﬁomf%ﬁLkﬁ%mﬁﬂm%%mﬁh
R T, MO BB, SIIORBO RN S BT D RHKOEEER 3 o &
uﬁdﬁbm@fm%%imﬂ‘%@ﬁ@@~om,%ub,mﬁwiﬁﬁ%ﬁ%#m&ofk
%<%%$M5C&T&65.Wwwﬂ“MVvP7D—N~®$M®k§K&ﬂ LR

y H
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N, AU BIOB AT O RMO BRI L3em TS 30em B TLAICLEY
WD KEDYMTE L SO REDLDTHRNT EEFAD TS, Upchurch 5% Lowton
SURBT N7 7y OWBBAD BOHE LR CAET Ui a4, LB TAET L bo
FOMBEBRE BB HLPTH - LTI HROEETNBIFTH 0 LTHEAD B+
BTREROEFFRACLZCEEWIT L. COLSBRBICE T3 L8k, W&, L
8, (FLOBWILEICK > TRBOTBIMAKE CBEINB DY BEEHICE > TEDL YD
TORBAMHZEML, REMOLERE,LLEdDEEZI NG, W EHOMTY & TR
BOEBEZELAUVRBORSICKENBEERIZT T LHMS5N TS Y, Harrison®™ , Smith®®
Comstock' | RBf 510 (3—KHT, MY ICK > THROEES—BHIHEIN B C E2HE LTI
% . Weaver'V [3BHEHINIC 2 MO ML D 24778 72 D RO BEREA20% WA L L4
. ZDOEOEEDY 25em P EODOEKRDEL, —RICiE 13em S5O bDREM T
EEWHE LU, S OIERFBEED S 30cm H720 TEICHL B, BROMBSUTERLIDE
BOTNE, Fh, 24—+ 70— =20 T3 FMOPEEH EFHONC Imm H»5S S3mm
HoledDd, 40 HHIKE Smm &0y, 124 4 HiCi 25mm 5 28mm ICHImMd A &%
BEE L7, 58, MBI L AMOMKERITONT, 7oA77 » OB AIRKELEY T
HD720, PEMLESHIRICH T - TIRBEATT 5 25, Tuganaeva!™ [l hid % 2 4 H
DEHFNS->EDBRNEITHY, HEHICASL EET, MREHL TS, HEF24HD9 HEL
BOEFHRELIKHE LOENS,

SRR D KT DUNT 1 Weaver™ Sifli Lz kD, RO BAETHERBL T
H—NC AP EIT LI EDNELNEH, CORKRKODVWTHADEIARYTHS., Lk
U, B BEOEMIERT AV EPALEORIGEGR S oNE L9 THY, TOFK
Ko TReBERISMRET S0,

DEW, HMEBICBYANKEROERENS B THE 2 RKIROHEOEBBREERD, £h
WHENTHREE 3 SO/ v— IR LD TZOBEIC > TMR T AL, Rz CV
D H - ESPEINT v FAIOPMERBIO EHE O MEW AR & F0RIE R AR O B—a
FNBHC LI -7, WHEBIEKEEZD SDOMHELDT/HENCTELH-T, MHEBMEIE
HEBOERGDIL, CV lAIVNEL 5D MBROFEREEAL DD, Mt KO3l %
DV I AR5 h kA CRNE BB T CVHEBNEL 7D THAI . COHKD
WTHAELTAL E, v~ A THREREBOIABKEN SO ST, O SDH
HROERSED KEDHEDPOD, RKBESEMLTHNAT EThd. SHITHEHD D
WA THEER « MHERESRKEFEAENRKRBEETTERIE 2 LB CVHEZNELLTNS
BREEZOND, =, 79 h A OEAE, FREBCHBULOHR EAREF ICHRL
Te A FAROHBD RN 2mm LT THBE 000, SHIBORIBFRERH» S RiEH D KL
BIONTHRMFHEINCNE R B B CV RN UERTHAS LBDbNS, #EiE
CV D K/MCE > THEHULBEISHNT, I -7 KB 5B SR8 (homo-
genous root system) , 4 I 7' v — 7% BEANHREE (heterogenous root system) &I A T il
BOBMERERTAIC EBEYTHA EHL TS,

SEWR, KETHOMIC U TAC i S MO AR & WRICDOWTEBz0, HHEO
FWE-TET AT 707 v RL oy F Yo ——ORRCII0OF N & E 3B e ke
ELTED, ZOFEFELLENC ERMSNTIN S Grandfield®, Smith®®, Willard!?,
NPT, LB 5100 (3 RSO, RO & L TRICB Y B lIrEKILolEE
oI LTING, ChodERSEICIE TAC ol i3 LA Ed 3 Bcmd Ui




43 TRl 4435 (1977)

MRICEE L, 0%, KEITHIN U TAERE ol e i icEd 5. Smith®™ o liic X Hud ek
BT H14~15%% 7% LR ERNIC IZ37~38BE R LTS, 2y 7= A XD TOEES®OH
ﬁwihw,mxm@%y/%i@mmm%iiﬁWMKiwm#u&btmzﬁ)b,¢~%
WKHASNIEDbFEABITT A EEVOHICL, ¥ CBRCRBWINCHS, SBINCEL %
WE U, MREMIC W TO/BETHE, B TAC frEiticR 220 End 5 &5 Itlbh
5. —DEWICRO TAC §RFEWI v —7T, Bi3EFO— GEHPIEHRE) KR -T
WD TAC EBBHMT B 7 1v—7ThHsb., bbAA, 522007 v— 7O S
W= FREET B, Lddh, BHERKILORBRGIZIFEORIERT LEMIE, ROEKE
BB LTWE L IICELIONS.

BAE TEROWEA

BlEm ¥ 0B

ATEREIE M RBOIC RSN, MO 2Bk EN S, ~ 2 /EHICBLTS
bﬁbd%%ﬂ@%&b&bﬂ&%‘C§&H$MT%t.ﬂ4z@thh@w?&li%@
T IERC B 1 3 REROERER L, Chﬁﬂ%@%%iﬁﬁ&%C&@Qm&bt%@fﬁ

BRI D3R SR O WO THTETRIBHOM &L - TB D, MYk B W TR FIESL
CEMBE VRN ST eNn G, n@ubmkﬁ AEROER ST FHAED SO THER
M@b T LR SO CH TR S E NS & &80 (Fig. 19),

hypocotyl\ .
- . j in soil
m cpicotyl

cotyledon

Fig. 19. Diagram showing the rooting-parts of adventitious roots in both plants
with different germination habits.
A, epigeal plant
B.  hypogeal plant
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AICB DTS 2 FERBIRMICBRENS SO HPLT, GICHASICE »TESS
AERIC DT RBER LD -7,

B2 RBMEBIUHE

HEICERHT 2 605 MAMR Lz, 9bb, ETFERDO DL LTEL 1A (Piki,
AFTREARY, AvFr<2 QLAN, Buyx3), v+ ) (Er=iE) BLUEFy45 (5R
Y s) T, T FERODOELTRTF CRIWE) M3 L7z,

PLEDEMe19664E 5 ATAIMS 6 A LAICHh ) TlMHER U, B34 35~40cm OB T
BHE L, 1m? X0 RIK 20g, Bi% 10g, @A 20g, N 10g i Uiz, BIBEATHhED -7,
BWREOE XL 2em, @ I3 MR 60cm, B 20em © 3 Ri% & URERBBIS LT1ASEL
7o 1R Trgdb 3 70mk, 138 A TH24MR &75 7. B DEIZ &L 4 X2 ROTH
%2002 HEICITIE -7 (WEIC K - CHEDOBMNH 3). HIOHIEFEG (7%

DA RIS T -7, F41 X220 THES AISHFEO BRI > THBHB LD b,
Bk 2B R%20H, 250, 30A, 35HBLU45HD 5 MITh I TIiF- 7.

WMIOBERIC ST > THARBEREMNTTERLEZREL, BREH OIS TR - 72.

T o B4 DT OERITI9654E L19674ED 2 THCAT » 7. 19654 IC 3 g afum M (o),
TNy CEALtE) BX U435 (35K O3 RBAEMRK L, 5 A160ME L. BN
WA 40cm OEI FCRESR L, WAK0ke, B4 6kg #4BICH Lz, 1EM#%, i
25kg, M dkg ML, E5ICHHE L TELAKRERL B~ H—c U, BER 60cm, #£H 20cm
DIREREE Lz,

19674RIC T LB MR SN U, Snpkl7, 2EArvESs, B 7 0200 (G Table
12) A3 U7, BHEEIZI9654ED & &M & L, 5 H20 Hicnk i 80cm, #H 15cm @ 131
& Ui,

V52 A DNWT RIS AEH 4d0cm [KHEFF LB E LT Im? 40 Ak 10g, #4a 10g, M
7g BLUMM 7g ZARBICML, 1966/E10A16HE X 2em I Lz, JEMBER 60cm X
Z%mwlAM&bt.&immeTm ChERELEHOMM D BIE L, Kl clsd
5 U wBER 60cm ICHEE 6em DIEZLENRYD , ZOIRICHM 20cm OMETHEL, BFOKX
EXICk T lom BERE LU, BAd o435, 5635 L 0% 9 3E0 i 9 5 Rl
(1A78, 11AZABI 1 H10H) 2 HZTWE L@t el Ue, Lied-T, &
FOWEI T 6em 750, FEOEIHOHI L1TF—H L.

vy (vA4) BLUFarer~y 5 (i) oBEGRWHEAKOERICL T, ¥
EBX, BERBIUCEBRKERGEZ ML, 11158 (BH% 2 HME), 11HBHEBL T
12H 3 BOAMIIICE 2HOE I Tt L, BHBEELEOK S 0cmx50cm 1 4ME
U7z, 12A20 B AEIT - 7.

=ty (Fr—vy) BEUE7a—n—3it o Ty i<t = Fy, ~oyFERUH
ik > THREL, MR L HEE UL, BREfmbih -7, REE19674 (HRERE) 3
AbS 4 AhdTiT-72.
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§1 FEREHOIEYEESR
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AHTH -7 bDN6MICIT Y, X SICFIEMHED CRIMIICHMT 5. ZoFE, Chiced
1o CORERO MBS M SR 5 (Fig. 3, A). B Ll IS0 ES 5 DARERD e
BAH SN, MR OBREDE IO EBERS D, 2002348 » TIRENT A
g2 & Hreh bR Uk X 5 IRIEICI - TRAD MM ALD S L ERASHB U, RiAkE
WTIRHENE BHEEN3 & Smm WiRICME L, $0OBORRICK 5 CRFEHE L.
—5, B U K e — ST AER A R L., UL, BEBHoRiick - TTOAEFIC
EREONT. IS, HHHSHEBLUC0H HIKEEET - K CRERDINBEOZ (L
HHEOO TR RSEON, BEESH BB X000 HiKk 2175 &4tk ghid
7RO UIOE TREMMIMBT S, WO HBIBEI b~ L5 W TFRoEBrSEE - T,
MER, FEEMFRA~B LS, PERICE T TR S R UicEico0 T, HR%20H 5
TRPOBAH IR I TRBIELALHE L 0FMETH - /b, SRR CIIBRE»ELL
WAL, —7F, ERECB O TROAF LK TcRBBEEPEQIAICHE L, 728, 258
Ao MR SHEL CHMU 35 ALK Claido64R2Eet Uiz (Table 10). &R EEH

Table 10.  Development of adventitious roots from hypocotyl and epicotyl depend on the

time of molding in soybean.

Time of molding Plant height NLEmbCY of adventitious roots Total
(cm) epicotyl hypocotyl
non-molding 78.0 0 6% 6
20 days after 78.0 11 30 41
sowing
25 days 78.0 42 28 70
30 days 82.0 46 29 75
35 days 80.0 64 27 91
40 days 80.0 14 8 22

* number of roots longer than 2 cm
Variety (Nakateppo)
Sowing (May 15), Observation (July 8)

The growth of adventitious roots of soybean for which earthing up was practised on the 25th
and the 30th days after sowing was greater than that in those plots for which earthing up was
practised on any other dates.

IR o THBEARIL - 72O 3 LT3 1 2 IR L D LR TE DR R O B B O filnie +
Hoksy, MRS LR T SR B,

12 415w

FEFB 2 ~3 HiE - T, FMOMEED 5% 2 KA B 2320 918 U TR SR AT IR
POHRYT S, ZOBEII4~5KOUERED -7 (Fig. 20, A). COXS5ICEH DT EIEE
ICARER RS 2 MO I RSNV TH S, ChOoDREMBZORDAET & &
DWTILRET, EROIEIC R U MARD SR &40 X < fE « 208 UTRBEO L 3me &
BBMERLIE >7 (Fig. 20, B). #1292 & THMEED SRERMHBRT 22, Ch o 3R
EBITIEEID B0 S AR U7z DI~ 3 SRR /IS S , MESAN S EFRIML VYL -1z,
mﬁ,4yfyvff@%ﬁ@ﬁmm&af%%M@&ﬁm%ﬁ&éh%&ﬁf,%iﬁ%ﬁ
(vwﬁ)fmﬂﬁm(v»%y%)&bﬁmm&ﬁ¢m<,%@&ﬁ%ﬁ%ﬁ@ﬂﬁ&émk.
1.3 77X+

Miwﬂ%&mék%mmﬁﬁﬁmwwwib%ﬁm&mﬁc&@&mm,m%%%wgmc
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Fig 20. Development of adventitious roots (black roots) from hypocotyl in kidney bean.

black root ..adventitious roots
A .4 days old scedling B . 2 wecks old scedling

Y

Tig. 21.  Development of adventitious roots from epicotyl (arrow)
with molding in red bean (Phaseolus angularis L.).
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S5 o DHEE R AR RHT B
mbht.m% AR
T O hTiR

& Q2H) S LB EZ S LTS,
CERCHHELTNB T &N, W ZI3MOEWERFHESDIC LI
DEF IR T (Fig. 21, Table 11) #8485 &7 AMEIC 535 M
bokbEd 4BicbELx.

14 vzr+y, ¥H95BLU0FaTX

YE ;) T TR F T REROII
HEUERIOERINS BT EBE LI, 3978 Fr 4~ A THEA X,
BEUEA U F =2 ED v rF v D EDIC B &, FERBEIDIL,
(Table 11).

W o Fe s, EE I THRE IR 60~80cm IT
TARE, YIS
BMEL®EI -T2

Table 11. Difference of development of adventitious roots after molding in bush type and
pole type.
. Weight of Weight of
Crop Plant height Number of adv. roots roots afa--b9%,
adv. roots
(a) (b)

Soybean 98.1 cm 27.6 7.2%+1.9 14.6--2.5 32.1
Red bean 87.8 47.8 5.0 4-1.0 7.5-4+-1.3 40.0
Green gram 78.3 32.3 8.1 3.2 17.0-+1.4 32.2
Cowpea 286.0 13.1 1.7 +0.2 13.2-+-0.6 11.1
Hyacinth bean 216.3 15.2 2.3 41.2 17.2--5.9 11.8
Sword bean 311.0 12.6 2.7 +0.4 23.2+5.8 10.4

* weight of dry matter (g)

Difference of growth of adventitious roots between two types (with and without vine) was
found. It seems to depend on the difference of thickening growth and growth period of
their hypocotyls (Fig. 13).

15 Svrnt4A

7y A e A OFHERZNERCRMATZHMENS L0 THEMOBE IS L TR ME L, T
ZHWETMETHML LD, 2000, HHEOESIUS LT FRESMET 2, < 2 BEWI3 71
O BEPIALIEIC & » THL EFHEME ST PRI BN B 45, 5 o b v 4 QB4 E T3k &
W52 D AT H B

BISB~7cLBY, 790w 4 TERRICAEROAEFIZIEEAERDSRLNT EHE N
A%, 19654E D A D BRI €T R3O WD & B RO B A ERBEBFT LT B0 52 FH 1
(Fig. 22, A). 7o F7c MBI HHRNTH > DO THNICL BB REL SN, 20T,
19674RIT 29 Ml % Bh U TR & b IC D TREMD EH IO W THE L. 0856 H
DO THOME TR D FH 3 MEHC RN SN 3 RIETH - 7228, 7 H O HiE R Y
%%Tizﬁ®%ﬁméT%Mﬁmmbfh%@#ébht.?mhé,7HHHK@%%W
CHEHONBE LI ITKE 7.
C®&7C~ﬁc&#ﬂ$bt7ﬂlH@B?HMH@ﬂmﬁsmmmK@E%%mﬁ%ﬁé
nTkh, 19654F1C bl fE R D BRI AR EMRD EH BB S NI & &0 5, BRI IC 4
UTRENEHER DT LB EINL, COMBICONTEISIKRNTSC & Lin,
Table 12 I RERAEFT O 5 BRERUIH, TOET - fUZIBHME 2 ~3KTHEH
BEDOTHE. + 13 5~104, HRI5~20AK %4 4EE LT Fig. 22, B BEICE -7 b O T
H5B. Ch#%&%&,%ﬁmicfmﬁb®méﬁéehkﬁﬁM(ﬁﬂ L RVAL SN )
EDOBITE - %bbtm%#mﬂ*ﬂm#ot.tth&bTXA://;%iUW - LYY
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Fig. 22.  Development of adventitious roots from hypo
appeared from hypocotyl were a few in number and poor in growth (A).
sometimes recognized after long heavy rainfall (B)

v
=
[

cotyl in peanut.

In the peanut, adventitious roots
However, they were

Table 12.  Varictal differences of the growth of adventitious roots in peanut.

Plant type Variety | Adventitious roots
erect Java No. 13 T+
” Tokushimazairai ..
Spanish type ” Schwart 21 .
” Chibashoryu +4+
” Kintoki
” Hojoshoryu
Valencia type ” Hotakuchuryu ' .
” Valencia !
” Kanto No. 4
Spanish x Virginia ” # No. 5
” Fuji No. 2
” Kairyowadaoka +H
4 Tachrakkasei No. 1 .
” Tachirakuda No. 1
” Kanto No. 1
” Murasakidairyu +
Virginia type () Chibahandachi
” Azumahandachi +
” Kanto No. 3 .
” Chiba No. 55 +F
prostrate Chiba No. 43
” Kagoshima Kanyu -+
” Shoei ++
erect Senegal No. 6 +F
South East Runner type ” Tanganica 2C -+
prostrate South East Runner +4
” Kankoku .
” Virginia Jambo -+

. quite few in number and poor in growth

-+ 5 to 10 roots
++more than 10 roots

In peanut, adventitious roots derived from hypocotyl were quite few in number and poor in
In case of Spanish and Valencia types, the
cmergence hypocotyl roots was very difficult, while in the cases of Virginia and Southeast

growth, but varietal differences were observed.

Runner types, it seemed somewhat easy.
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T AL FTRIBBLICL L, ¥ 7 =Y 2 ¥ BLUEY Y 24 =2+ 77 —TROHDHMLP
TukSicEbhl., LALESES, 798 d OB 2 REROBEIEZL A A, 72 F
WECHAS LB SRBERABTH 7. TEbDE, HER Sem LTO DRI T,
15em i g CHELTH3KBESELLORIENTH -7, 2T, FERDEFLIC
OB EMYS B B 0T F IR0 MU I8 £ 1775 - 7o, Fig. 28 @20 LR Ui

30
D @a‘?cﬁhﬁ@e
@@«»

RS fis »?”14 N . el ﬂﬁja SRR Re's 4
Fig. 23. Differentiation of coriex cells of the hypocotyl in peanut.  Variety...Chibahandachi,
Sowing...May 22
1. Cortex cells at 7 days after germination
2—-4.  Accumulation of cell membranes resulting from the collapse of the cortex cells.
5. The root primordium is secemed to restrain by the layer of the accumulated cell
membranes.
6. The cork layer arrow is formed under the layer of collapsed cell membranes.

bOTHL. HINGHED LS 2 PO RET3W30D Mg =4 S5h 548 (Fig. 23, 1), FiR
100 (6 H15H) T A5, REOZIEZHREOMBO B ICELBRDIVRDRERIIET SO
MEDH OGN, EHIEB TR 20N L2 IKNEYE k> TR b (Fig. 23,
2,3, ToRZOAMDOHBEICIES D RO 5B HD S20FOHMIc LAT. ThoDED
MBI N B DI & DL - THIRER LU TR BEO R R EIRO B ETER TS L 51K 5
(Fig. 23,4). Z D% OO H 2 s X FERBRAEWE > TIHL, LELIC
EEIRE T 51 E 572 (Fig. 23, 5). THEEC ORI IZEHRO MR O PN B E L5305 &
NBICHPPb ST, ZOMERBEIROMIBER IS G SN TMEDEL LT 2 kg
ganie (Fig.23,5). DT TZOMOT S AMIC 2 v 7 JBIRIEH B Uic s, ZO%%E1RH
EDIEFE TR D -7, ZORNBIRIMAS DRSBTS I D THAS . a0y BIREHT
IR DL EHMBBIEO BB U BIRRBR UM% L, chikisTan s BoRERS LN
7o (Fig. 23,6). WD SVBIEIE & %125 & I MO SMUICPEIE - TEALT B C 21T 5. FERi%

ds
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20HTIBRE TIRIZ LA ELMRT LA, MR CRT TR D Ik, eiRbaiEATEBY
TOH 1 A FHIKE 2 EIRIEBOBHRMRE A% LT, IWilSROEGIC “er” 212538%
bhé&ocmot.bm% FOUWCREEDMET & 20 7 BT L, 2O BN

BHERCH BICHE T 5. P THMBABL LT D, b 6ad o maic s e 2 .

O%K,?vﬁﬂ%fiﬁﬁ‘ﬁCW%@Ekﬁﬁi%CéhL&®£%®$ﬁK$%&ﬁ%
MRINTH, —BICHAK UL OEER COXS BEAREME BIKINSC EREENRT, £BITZ
3cm 5 Bem BIEOWED bDHEh -7,

16 vS <«

EBRBE v~ ARMTFENETH 20 CHBKREOEE S FIRE X LA gl D — 5 A5 b
PEHMEL, ZThORERNEET 5. mn%1ﬂum;:m& 134930 mm &8 D =D 2/3 #¢
o LAl Ure . ASEMRO S 5635 3 M BT 3o & WIRIIC ) 51 3 & 5 70 25idic
“ELk.4MWHK@%W%K CORD SR LAY, R, REARAE. 2OWBHNE
TIEEHANE T 4 HEFITH - 708, kﬁfiGWW&mot.LMiTMC%Hémmf““
(4 EE) 2 ERC BT 6 MO FIIKER U, 020 OHE I INAmIED & R M
JBUQ%P ffoMizledbThH 5.

RO EFZRGWICASL &, 1205 2 AP TIRIEEO BB RENTH - 7ot

{ 197»1111& Uiz, 3 HICi - T&EE L j(@“% &, BHERBIER S D B S8 LT 4 Add
WAZA0AE TS » 7. TN SDAERICTIEE MBS UMBEE LT 2600 @D S
N7z, LHAL, CNSDRERDES @Aé BERICEANZ EOFN A S asb b
MER 15em PIF, HEE 2mm U TODMEM -7,

BEAEE ik - TR S Z RO RERBIEL I N, 44 X LR Lo
F o TEFDEFICHENAONT.

FTRbhH, HARERBINICHE L L dD 133 A2301CiE Sem Pl EIME U 25304
WigicE Licds, 0B SIS MESH UTEDAHIZE 6 %05 & 004 9 BEl kL uc ke~ T
boLARIFTH -T2, VI~ ADBAGE AERMIMCE T CEiiol K EEREE - TH
h, TR ESE > THFRBRARO S S BEAKRD, LEMOBILINAHRLES b
TEWIRIBICH > &EFEZX T L (Fig. 24, A),

Fig. 24. The growth of adventitious root from epicotyl (arrow) according to molding and decp sowing
treatment. (Broad bean 160-day-old)

A: Molding at the period of development of 4th leaf of the main stem.  B: Deep sowing treatment
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BRI BT A LIS U R U TR BAFE D S i S hicRIBiK s » T
Ml SRR S S5 A, HBEEBOKITHTHTH S (Fig. 24, B) E &L
TRE4ERRDEAXO bDIBLERP 7. UL, ZOMOKICH~ANIERE 2 (A&
HbT Tz,

1.7 TV R9BLUaAVEYRYF

2 S D HBIREBXRBEBAAKLERKICENTHE - EDSNIED 5 708, 6em B
LK THERAEBOEBRS N, BEKIKSNTANE, =¥ Py 084, LIRMOK 6~
Tem P T i g 2 O lem i TH - k. HAIC U iRl S 310K HT R D
AEBRSBRUZHE, 205 3MES 50cm 25 60cm 1L, H4XRBBSELTHIEDD

PR OFLER L » -7,
DER, Ny FOEFET Y CLI:’\T LR & 0 B A PRI IEpIT, RO i
EbEaHns o, 20, Wihaidb LicBlbhio b b Tl 1 3840, %2%%%

WWT%M%&ﬁqtﬁahb®mHK(~m®ﬁ&3n5®#ébht.

ULO#ERDPS, 2Py, Ny FTHEHEBLEEAKCR > TRAERDERMNAS SN B T EH
bhotz, Wolc AR I UTUES SR UTERERBERIN L 7D TH 5.
LDEBEAZXRY 5= 2DHEEE U BIEIETH .

1.8 IL—EryBiU¥rso—/—47

=€ OAER IS I D BN THBLT 2 Bf0 A o hie. BHAELIINIC I AL & Ik i
DOEREAEC O FhBARNET 2T & - e, AR S5 Cf»b‘fz;k@/ﬁﬁm
HHEIC U b L THRLU TS, 2070, HRA (Rl 27 i -7T
BREELDZT DY, TOBRBEBED SWMITICHRERPBREN L4 ¢>-7>\bzht. RSEH
DEEE 10cm 25 15em SHEHHE L, B4RMBOEFEDOIELICAOHABE CHEG L
AL

a: _,<~%’}i’€&;t"l*‘ﬂﬁ'lfm@-ﬁéé A% 3mm p 5 Smm EMREITENTZDIT, IR & SR D 8 A
HIPLNCEEHEN, FEROBRIBIZELEALZDONE T, HEib-T2ELTEE
@&ﬁ@ﬁ%f%éﬁ&%awht,

§2 EHICHITHEREREFEROEHBOBEE

TR U E3TWE M) L5, WO E T 2 RERDBKEHTIND &,
"'i"lll@ IBRD B &R EMDTBIE & DMIC B EDDOWEAH 2 X S5 Bbhi-0T, Aficid

IENIE K DHER & AR EMD LR & DB RERE L7z,

HHIOHEDPLEARLEBLAX, TXF, V5= 212 QRO Lj(ﬁij(%b\{/r%( R
EMOEBREDLD T ETHB. 24 X0V 5= 2 TN LRI B %S 4mm

WMHERTH -T2 bO, AEFERMICIE 20mm 1k LDt Lx v K Mb«\-yf@ W AEH
el L TEbdTHRA AL, % C:lbb‘%j\é iZ 5mm 7T L 6mm T E N -7z
(Fig. 25,

HAEM & SIFHIOH ~15H B E TIRIZE A L IEBED RN A B 57 14520 3y -Yid
KUY, BX2£300 73@60!“11%’;1,12?7‘&19%7‘_. bBAA, ZOME - WM RIEmICK - T
R, WREROFILI S KD B SN ZOME b—FETRI. UL, HEOHE 25
DA TFIKMNENBES>TH 3.

TRDL, —DRMKERDIEES 247 1(a) ©HD, BRABEE24 7 I ThH5. ik,
MERIERORBPSE S a, b D 2HICHISINE LS Th 2 . TRbD B, a Pitida 4 x,
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Fig. 25. Transition of the secondary thickening growth of hypocotyl or epicoty in representative le-

guminous crops.

Soybean

red bean I
green gram group 1a

B0 N e

broad bean
hiacinth bean group I
peanut

sword bean
cowpea

9. pea
roup II
10. common vetch ) group

group Ib

®No e

The close relation between the growth of adventitious roots and that of secondary thickening
growth of the epicotyl or hypocotyl was recognized. In the group I, especially group Ia
with vigorous thickening growth, the adventitious roots greatly developed and in the group
II with little thickening growth, the adventitious roots hardly developed.

YxFy, TRAFBIUEY 7=2EEh, ThZNRFEHROAL L 100 RHOEM I »
TEUWERERERTOIHL, b BTRIEREENESEBEMICE, BAOBE SHHEIK
RTINSO T, #8<2, ¥4 FBIUNF o h AR ERTNICETS. b HOEWTIE
Mk AEED RS B SEFERO0A KO LUI0R T, WHICE~T BLEZ0HEL., B0 TH
7y h k4 TRFEFES 3EMEEED S IR0 ERSRD VIRD TRIFAI LD b/ 85208,
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1HEE» SHURMT 5. LALEOMBII0RRE S A L cicfid b oRig L i
5. liERRRICRERBEETI00 b ECOEHE—HT 5.

—%, BRKEEOEBL 2 4 S CRAEFRRED U THRKEERELDTEPMGETL, £
DOBREDNIVBO TRV PRy FRENZORENL IO THS.

AT, ULEOSBEREROFBRRAEMETEE, HEOHMITBECEEDOH L ENT
Bansd. 98bb, 1024 Y TEFREROEFTNRFT, I 024 P TRAEROEFTNE
BThote, T2, 1024 7% a, b BIEMNLUIBZOEEIR a HIKBLTH- ESEBT,
bBTRWHELDMREVELEFERLL., 00X 5 BHISBRITHERMITRIERRED Kih&
TEROBES BT A EERTH, —7F, BREENEBICEITTEENEOD», B
Dot B XU EORBOBAICEB LTSS ERERBR ORI BEEREARED L
BXHTH-T, bbb, WAL v b GEFERIFEREZEEASHBLIL) KL
THRBEHBICRERS—-FICHIBTAERS, bad ERMPBBICERLTHEEHTHY, &
g AR, TAFZDOMOEYTHAICK S HBEOEHHIFES £ 3 LB KERENEHICHET
LTOBEHE—3T 5.

§3 K8 FROBERIMORFE

< A BHEMORBEER I BB PORITbN S 45, FRUADIS S HIRIHE UTRE
OERBITHT DS, §4bD, BTORFRMDPEIEECK - TLPRITHER LzBah 5 2HO
W UT, BRESATHRBERET 20D i, BihSHEBR U RIZRENICLEE
WHREHERTC &b TEl, o, I > TRIEZEDPHEDEDI TS RN & iti%:
EFBE308H5, ZOLIK, = AREYTREROEIT LIS SWAHE UTRBR
ERENDBDTHEN, EOHSPSHEUIEBBROEERSEBERT S E 005 HiIcEH
THE, 1. BRI, 2. IRERREE, 3. ERMBO 320/ v —F ISP NBEER L 5.
LZAHT, THODRBEZHANT I > TRHIBOERINEBLEZRNT 2LERSHS. FF
LB FEGPSHIME T, THRIMETEG»STRECOBS &L, F TRERDK
M TFIEMIC L > THIRICTE S, UL, TSRO KINIZTEE O BICHA75 L0 Tk
ELRWDTHS., ZCTRETETIRME LROBEREHNT 22 DDEREITFIT - 7.
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BOFEY DAL & TR LIS DAL & DI & LTHB Y, Fig. 26, A @ » (IR EMRICE L
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Fig. 26. The border position (dot) between hypocotyl (a) and main root (b)
descriminated by the occurrence of root hairs and their vertical sections

(B and C).

Fig. 26, B @8R5 2N £4 1.5mm L0 L 2.0mm FEAGEOSEIK ©H 5. Wiio %
FHNEE R &0 ZIEE—CHBEWLEFBIGENDITL 5%, BTREICHEVIEOMIEEE <,
ULhdZOEI IR Y OERNS LNIED
—J7, WO EFHTRER L IZIFRBEIBRES SN, HOKFTENBIth I TREIC

BOEOKEREOHMICEATEONAE SN, ZOL I EHBOEDE N T RO MEIIF
OMEXD ERAIMELT EB—20FRIKE - TH5., LB ETHEED D TIRIOM
FAED -7z, 188, TNSOEALE « IO LF 1.5mm 8 U 2.0mm D4 CHIRICED 5N
AOTHHEDEBREDODTHNNTITOLRE L NI BALE. HITFERO DE= v Y
DPRTH SN B X S ITHFHICE UOHLBEN S SIS D - 7248, THid TR & ERRHR O A
S &'FJIF‘J‘ WIThNB D THAD . THITDNTIEHES

SHRHGEOER & DIEOMHEEH D BlT
LB, COBNORERIIRICII B U772 Uiy b Bl S /o s, sz s
/u&}ﬂb\ﬁ%hm#ot.
3.3 WEROEBHEBIICANT I8 2.RIBOMEBEICK 2 HBE
HSHOMHBIMEETRIEY, WTEBEMHERBES SN 5 B TIEE v - TET
BAESTHASHRZRT LIRS, Ld-T, HERBOEN REEEXHT S DML
#Zohd., LhL, fMIKE-TEBO R ZMEPEBHOMF MO EI BT,
Fig. 27 GMBOFA, HEROEMNB & U BYNCHHT 58 2 RO ALE & O WEE KK
FRLIESDTHS, Fbb, MMETFHEEDOLAX, 4 5 v=2, ¥%5, Fa2<2, YxF
VBT v l, CORTRLEZ A 24 7BT 25D THREDORET SR @JMMD
DB EHEEROERHB I URIICHET A 2RMOMEMITIEAE—H LT, HEEH
h@im%%%$013;%Smmmmb5mm@gbw1mm&*1L55@@&bnn,
B4 7RMTFEROIDOICASND 24 FTHE. TAFOBEAEBMWEREDORKLITHD

}:71-26) CORBREAROFEHEIC DV TIRIERE DR S D™, BEORE L EHELZMEOH LT LS
ntwna,
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L

2 Coty

g ¥

Fig. 27. Diagrams showing the relation between the position of occurrence of root
hairs and the first branched-secondary roots and the transition zone of the
vascular bundles. In epigeal plants (A), these factors coincide each other,
but in hypogeal plants (B), three positions do not coincide.

coty. ..cotyledon

‘j‘fl..,transition zone
S.R....secondary root
r.h....root hairs

DAL SEBIIEE Y, THEHIOL M LM CREICHETHERERL0M8E 3. o
WP TR R TEBFOMFHMOESWE,, 2Py, vIi<2ABLU~y FTHEHM
O RHHAE A A FITE FETHAL, THEOGMEDP S XS P BB Y Y RIRiD S8
182 R THE 2 HMICE - THRAR IS IICEB T 5. EBH TlRdu0R: & BB R &
NS THROEELEUTE D BRI TE RS SN -2, RANITHET B8 2 ki & 71
HEL P SBbNE bONEL - .

WTFTFERO DD B7 X+ PN TH -, T7bD, HERKOEBEEILLDZOM
ORE U LT RO A& & C RS ER L. LhL, £ 0T kit
W CHMETAMAMICEBRE LTOMENRFT 20WEETH - T, TOBAICIIBELRLE
THD- &SI OMWALEEBH EOMBENFNDEC LI, WEDIE LTRSS
THROFERBERE LTHROMENRSONEDT, TREWMERNT S EhntrSh LI, 2
TT, NCHHET 2% 2RO & Lo 2IWH O MGEE FILBBR OB cmE L. =
DOFER, W b TR BMHEE D & WAL R ICBIISBITT 5 I WK 24 LTR
WA UMD A RICHE LTINS B S &5 5725,

—Ji, WTFFEROHE SARELESPNBDZMBIHENLTEY, DFhoBe bEROK
TR RAMED BIALD SFEE LT BT LMD - 72H) 5T, BWNTHRET 245 2 D H
BUHALE b - TR & EROBIEE KT 2 —> O & RIS L3 T RS o h. o
PNCHHBLS 555 2 REUC POAVE D D72 R ST BRI L, MK > THAE Lz & C b, il
THEMD SOIONTE—RITMOBUT L TEF S E L, BE « 408 bicd Chig 3w,

T HHIRABRIAD T ZROBITOW TR SAFMHIIL 243 5D, $7-1K0BALH - C—
LB,
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%4&@@%&8&5%%%E#ot.ik,mx&&wﬁﬁ%ﬁ%<1m@ﬁk<ﬁb,Mk
&Ewmﬁmxﬁm&mxwﬁﬁéﬁﬁﬂak.%@E#,%T%%ﬁ@%@f@hﬁ@iﬁﬁ
Mm%&&@éntﬁ,TX#%%HK%2mm®Mk%@@@ﬁméﬁotwfwi%ﬁﬁm
KB T D 1.
~ﬁ,iﬂ@%k%%ﬁcmmmﬁ&bfméﬁﬁfﬁmm<m%@m#ﬁﬁwéhk@f,
EWROBI K - T OB EDMABEMB C EWTE,

FaE E OB

—HRIC, BEBERMICBRI N RERBAEMCIRETZO0REAT, 2hEEFE8E
DM ERMBOEBICRET B EMBMONT S, Tibhb, PBOE TSR MRS
AU, HOETEHAHBAONBIC S 3 MO SEIC k> TAEL30BBAITHY, Th
T, cambial zone DHZICE >THELBC &b Smith® [tk > THEIN TS, Stangler®”
KEINEREEOER SN WALIIHIBERTHE Y, BRI ->TROIIOBBEERN LB NEL
REWOBABEP S DR ESNBCEBHEEND . YLOHBRERICET 2 4BEBORE &
SHOOLTHBPLTE Y, HRBEBECBT 2SRRI & EESMBRICHE Ehbhb,

FEHB, FREIHEANTRMT2 3O TH—BRICTRHOBENSD BB bbb 5F,
MEROEBHIIBNECC EBHHTHE. Ch oD/ IER BILIMETICS LT
BEAETETL, €0 LR TREHEE R AP IO K& Hi%RA CBRRICEFI L, MBS
EOWERENERTOTHS., A4, M EFEROEAEI TRV THERO ST
550D RAMINIDTHL. COHE, HMERFASET L LIKE > TFREBRDOBRICED &
IREEZAELLDD, CORTETMNILERSASS, LEWAL, COMBERLEEERE
BATWBEDT, o, MEBEREZEOERINIGE L COME MM LIZ-TE
ATHID, HERDOSEFICE - CTHEB BRI U, R o M55 0 B Ze L s i § 5
COC &E, IBHOBMITEIC B 2 RBROERIBAOKEIMIC DI -TL 5. LrL, 48K
Ko THIITEIC B 2 HEEH MO BRI IR R AHAZ AL S C & bERAITE - T
3. 20, HERBTZMROSBEBIECOERL, HORKBHBIhEZRENELSC
EhEGITBGEINE, Lkd-T, SEBBEINEXFAX, 590 kA, v—BUrRETE
WAL s By 4 2 K if, MOERINEFRIMLKRENEC &K, 2 v —FIHEEERD
SEEZHBEOBME UTHEE DI A LICRMENELS. COE, HERNOBERERO
EREBOEROMEEE Y T, BOKIEBBEVEBEF >THELITHY, 4%
WLBINERBSBROBETHS.

AT, bBEKEEHELSPLTON TR ERBEO—DICHE LS RH 5, I, BLER
PIRPINBICRAT, TNHBRMICERINWAREROBEIC LB ETEBLANELRDSH
BEIWC o7, THbb, REMRBEFT S KRS OWINBERICIS D, {EFESEH» ST
BRORBER XK GTHDHRRICB T 238KSOHEEEL, BHEFORM, %%, %I,
HEHRBLURRBOFRER Y, AMPYEELY ¢ RCEERRHVERTCEBHELPIRINK.
CHICHE LT, TEROEEINIEYLELOEIWHRF IR, MBS dg ksl
BIZBEHRS0 BBV BAT, Bl 1 BMEKATY 15 BB TR 5 804AREIZ E RE
HBE O E U, iE S SREEAESBOF BSIHBERE L, FRMcE1EET gL
1BAPIROEFTRBFTHE L), SHOYWSHBOBRIK >N TRBOZ EE2HELTH
L. COMBERONTIRERSMBENE S SBHIN, RERMERINPTORES S N
RBIBRARESIRE & LTIRIO RSB HEA TN EBBEEEELTELONTEL, L
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U, BHEOPFZECRINIRALHED XKML, BT > T 7 v vy EEEERIC
E - THHLBERTAHISOELEERLIZSDTH 7. 3BAA, TOMHOELPIEINTH
MEROFNUBRELZRTHRCHY, FTEROBRLOMEDIRENEELLND,

UL, EEMICEBORESTEIN S HEEREBEMBORESEEICIhERETHET.
ZNRBOT R AHEE RKMEMEO S ZEBRE LSRR VHEBRCH Mo THSE. 28T, 20
EAZBUTRMCBY3RXEREOEBICERL, FEROERERF LILZ AL DEY
WBWTEBETHEENED MDD THS. Lich-T, BRAEBHBOEL A cREL L
BHEOBOBEMBEOGENENS T &S, BRERSHICITRbI TS B COKRHIETE
WEORBEBEAT, TRCH> TUEWDRKERSRBAS~A LRI 2R, TCCR—HoD
“OF A CHRRBEOLDEHEN, EHDTT v 7 v AREHD L SNBEERE, HER
Mmoo BENSKT AL XX - THROBRINEFMHERBDTCHEDOTRES 0D, L
Fods o T, REROERERET 5 7DD KA IR B K EE DO IE RS INICT > O4F#) &
WH LD, FAXCBNT, BLEHBB RO TREROEHENE > TL 501
JEKREBEDEZ LRNPBRESDIDIMIE SN, 2, —RiIKy v Y EEMICB T 2 R5E
WO EFRY MEKERTT N0 bTHHEOMKAEBH OB P REIDOEICHE LD LR
N5, oI, 2 PRy FBNTHELEEZT - THORERBBERINLOLOE, LFEWM
PONEKERMELAEAONBOERELMENS S, 277, ERLZERICOARBEREN
BEEICOVTEHISKBHEET S, B 5 MR AEHET 2 3 0WERLTARS RS
ThNBTHAS L, MECHEZSHBAIBOBBETCARAEROEKINSIEEBEL L D ER
bhd, DEXEYCEATNEROEFLLE TS &, — B4 7 =2 CBLGF, v=r)
BRO7XF ETRHIRE FROEFMICEHEINEBOLEREOMBOES S L HI
NTHEBET, BEORKIMEIEL L2087, &4 v 7 =2 TRTOHERMNE
L, CHRBHEIE TN ERES)EROBULKITEIZ 6D THS. LT AT, FEMROE
HiC UTd, Lk, B, S-hRs L 0N, ERARBOETRRE EZPITYDOY
BrdoEIWBbhD, PIAES v 7 4 OREWHBMRMOBTERICEE L, EE0 LR
KHIERE T 50O 20—BThHsb. V5<+0HEE&d BHRRIZBOT FEROEEFNRFT
HoleDB, ENDOHATT 2 LEAMBOKIKHNTENDICEROBERIE P -2 &b H
5%, LHUKRGICEFN A IRERBREELONS . 2, B 4HERMCE AL LER TR
ERDEEHRIFTH - 72D BIRID LK EE BRI TH - o0 &Rk, HREO--5
TENLRNE P o 7o &0, HBBROEENMBBORED bEh o7 & ENRBEH/LTL
%&EbM%.Mﬁ,7w77w7?®&D~N—K$im@%&ﬁaémﬁwwu,MM@E
SUHEDLDTHEHNC LOEDIL, THSDOEWTRER (ERBME) OEENRSH D TR
CLREBHOTHSLS. bbb, ERELEVROEFCIMEMBINET DY, KB
BHETLPHMONTNBE L EMO BHET AL ENTEBNISICHHTELERS S,

DEI, MBOFHICOVTE, BETFHEEO SO TH Fig. 27T KR3h3 L5, ORED
%&?5IML@%aa@ﬁ%%D@ME,@%ﬁ@&@mm@%ﬁ%mﬁém@,@k%ﬁ@
ﬁ@%ﬁi@@ﬁ%w%&?%%2ﬁm®&ﬁ®4%ﬁ&&&£ﬁ~%%f~ﬁ?%@f,C@
BUCHE H VT ERICER S et 2 IR S IRINC TR S NI 2 IR A R BI 3 € & T2 5 ¢
&mmb,E%%mmawﬂﬁ#%mM?éﬁzmm@%ﬁ%%~@%Bﬁ&L,cmmim@
Mﬁ%ﬁm&m)%%%beiﬂk%%®ﬂ%%ﬁﬁ5C&ﬁ%o&%ﬁmﬁ&@i5K%i
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55, —Ji, WFTFHEEO DRz Y, VIRABEUER Y FOXSICFRINC D
B HERS R DBD SN B 1ED, EWICE > THES R D h@%mkm@&@,ﬂ@mﬂ&?é?
RMOMLEICSERNBSNEDT, TOBAIIE LA—HIC TIEMAE S T EHR & il X
?5%*&?5hﬁiébbb<m< LMY THBE EEZL SN | DTGB SR
BEIs > THERIFELC R D TE B D CREBETHEC Ebbh - 1-.

BOE FETAREDICEIABRBEOET LR

RS-

~ ARHEMOMBBIRNIC A SN B LBIHED —D REMBZORMER B ETHS. Licdi-
T, EROEH ERMOEHO MICHEBEEHEEB RO ENEDTHSE. ChETOETIRE
%'%M@fﬁ%$b BRI AR AR A0 UT RO 285K UT S0, AEciddr
LA~ DO RIS SN B EEHEOREERZ 5 C Lic Uiz,

i

H2H EBMEBIUARE

WA FAX (TR vy, afFLAR, RO, 7% (8. 72~<2 (AFi~=
A)o T (ERFIF). A v r=r R, 7 v a4 (QRRHE, T3k, T
W435)., v 7= (JUAER). = v Fy (330,

BEEH % v w4 (1965, 5J16H), 4 ~4, ¥4+ 72+ (1965, 5 HA21H). &4
R, AvsFr=x (6HTH). = Fy (1967, 102 H). v 5=+ (1968, 10H20H).
BEEEZE @ 8 18m® (Bm X 6m) % 35~40cm OIS FTHEME LTI L, 1m? %z
MAIK 45g, #BF 30g Z4BiRA. FE2 AficEIt e LT 1m? M7 0 % 15g, i 25g %
ML, BRI 5g, Hin 10g % m? Mz v B L7,

FRRESEHE © Nkl 50cm, R 25em W 3 hsiAsEE L, WEBMTIE LTI ARSI E L.
AR MOMEICHIC - TIERI0~128% 1 H O WA CKEKE N O TR - 213h, e
J U RBEEA L. BB, 594 OBEEFICERLGHIRICX 3B OGRS, D
FikZENFN/NEED RS A G MEZ FROHRIZEZ LT Ly sd0T, 2ohR
EOCHRET A, M A MG O EAE 10em TEH X2 60em, i H lemXlem T, FOHN
WY 10cm O BIFECHR CEI 0 EMERMAI 2. cORETEOLD mﬂﬂ#ﬁﬁf%%C
&, QKEADHOBERIORETHE T &, OWROBEIILANTLLBEHERE
fLEICE > TR ERB T ARALH 5.

B3EH EBRER

HA4X

FEWEN 10em iICET B2 AD S, FHRIHICERIN/HE 2 RO EE LK S D, FHfE
BI0H BICid 9 TiC 30cm 1 UEE 3 kA, 25 4 RS89 5 . 1ﬁﬂﬂwigem5wmm
BIMELTIEROEEEZHENT S L5 (Fig. 28,B). L L, MHEVIOERINIE
QUMD G BAEFEMU P SER T, WHOKAE EDIKHHFDOERI O ->Z S WS ITIE - TH
B, ETAT, 1A AUK, £4ABOMEEEE UT—RKRMICEROIEE 10cm OHSH» 5

79)  FIREA S 2 ICEARDIRIRRIEET 2T L8P bW, TOHE, INSORBEBRBBEDO I
WETHC Tl
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Fig. 28.  Root sysyem of soybean (Glycine max Merr.)
A. 7 days old
B. 30 days old
C. Main root and thicked branch roots at the time of harvest
D. 100 days old
E.  Adventitious roots developed from the hypocotyl and the first
internode (arrow...cotyledon) on the 30th days after sowing.
Scale in 10 cm
Table 13. Root development of soybean (Glycine max.)
Date | June 29 July 15 | Aug. 4 Aug. 25
Plant height | 25.3 cm 42.8 | 76.6 | 81.6
| a®® ik C****i a b c | oa b ¢ | a b e
0- 5% ; 37.9 4 308 413 5 43.0 | 53.8 5 488 : 53.6 6 68.0
5-10 | 28.7 3 17.5 ‘ 27.6 4 15.2 | 31.8 4 285 | 357 4 420
. 10-15 19.1 3 183 23.0 3-4 166 196 4 15.2  26.7 4 16.0
15-20 210 3 3.1]196 3 53 1194 4 180 187 4 180
20-25 E 15.1 3 20 196 2 10.0 | 18.0 3 8.0 | 20.0 3 7.0
25-30 | 15.8 2 ‘ 223 2 4.1 | 17.0 3 44 | 18.1 3 7.0

* distance from the base of main root

** number of secondary roots
*#% degree of branch root (2...secondary, 3...tertiary...etc.)
##%% length of the longest branch root
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ZLDFEMBHONBY, ChoDEFGF/FHTHS (Fig. 8, D).

14 HE8E B EBRIGBONABBEBITIZY, DTN THE 2 REIC S K SBHEITT 5 45, £
OBBTMADIRKBEERET S BI3#IH). TUbDE, EHICH > THLOIEAMSS
N TIRIZEAE KB A SIS, 100 HZ2RE S SN KBIEO/NI ORIEFDOE 2 )
HUTIF UIEOICHSE U TIE 35 O A E L B 8%, KO BRI A 28 T HUE A 60cm 1T
TEHDEEHSN S (Table 13).

LD ACE4 A 1 B A PO IR 1.2m~1.5m O i & 3
Ko DMITHES 16em DB iIc 49 5 (Fig. 28, D).

SyhtAa

BHE%2, 3HITA0 5K LU

RO MHEAIAE D, 5 HHIEE 2 REB RO D IC
45N LTI 5. BROMEG#E»TI0H HiTiE 20cm, 150 Hicid 30cm Ki#Ed 5,
FERI 1S HIC I3 2 IR AST TIC B DI © 20cm O FMTHE L, TARZ UL 30ecm L)
LOWIET A, 38H HOMEHCIEE 3k, @4 kMo ENED S (Fig. 29). 3

.

Fig. 29. Root system of peanut (drachis hypogaea 1..), variety: Chibahandachi
A. germination and rooting B. 7 days old C. 385 days old D. 3 months old
E. branch roots system developed from a secondary root (s ..secondary root, t .. teriary roots,

te...fourthly roots)

Scale in 10 em
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WO NI 10em BIEIMET S0 b5 54, KT lem LHENHDOT, K4
W W > TIRIEFEEIAEDO SO 2mm D5 3mm KT ERNh -7, —FF, BREESEST
5®mﬂ W2 WMBBTOTE IR, BARMTRELALHADONI N, ETATT v h L
DBAREPCIEEINBE 2R EMIE XL DICERIN S 2 RO MITIE & 1 A THEES
héok HNEFOEE BRSO, Fio, B2RBOEBEMIC L MREEOERIL 4R
CRE L, BN 3mm §iEO 005 0.2mm OHMO $OBTREKITHIZ T

BELTEYD, £4 ABMITBTAEHOP TR - LSEROMANE D -7 (33 3Hi).

HE NN I v 5 IO KBS A R L T Im P ICB L 05, JBEBA~DHIE 30cm
Hise CHEBED., Slkck 3
LD RE L, = -
Lol %.

7?(#

HOBE S ZITRBEAHRAHSN, 1B, BITKRLELT
AN B

LT >N THREED [

(3 3 B AR ARG RO F

3 HEHCIR MO IIICH 2 BT 54, Th o O iR
<EéliF;L‘EFif"C"HinBJ‘L%{@‘Z: b EMHY, 2MMEH T AP O MHEOYEHED loihé EOiKE B,
MR EC R ERBOAICE UTR IR 554, b > TEREROE 2 RO A HH0Em &

!;
o

Fig. 30. Root system of red bean (Phaseolus angularis L..) varicty: Dainagon
A. 3 days old B. 38 days old C. 48 days old
Scale in 10 cm
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Table 14.  Root development of red bean (Phaseolus radiatus L. var. aurea Prain).

Date o Juvne 3

June 22 ' | - Aug. 4
_ Plant height | 12.6 cm 30.2 | 38.5
_ | a b c b c | a b ¢
0- 6% | 626 3 19.0 4 36.0 | 46.8 4 39.0
6-12 . 385 3 14.0 4 170 | 45.4 4 27.0
12-18 265 2 2.0 34 105 | 335 3 10.0
18-24 | 37 2 3
24-30 | 2 ]

* Dlst’mcc from the base of main root
a, b, c...as in Table 13
sowing May 7, Variety...Takara

0 17 HHEIE 30cm 5 40cm O E X9 5 (Fig. 30, Table 14).
g7, WRERBEROEL L X CIEELSHBLTOAHE 2RMBICEOTIEL 3 LD
fbf&?m@@ﬂ “M£&%MZKM%H&AEWK%fiﬁ%ﬁﬁf%%.Cﬂé@ﬁ&

D T M:%lﬁHHUwCAﬁ%ﬁmbt@@#&b BT T T 5 do
L, O KIS A S B DL, .m%wbmlmuk@mﬁﬁ@ﬁm
B &5

FRTA

TS Sem BEEICHHET A5 0 2IkBAHIEYD B 4%, TR (10em D4 IWIEEK

Fig. 31. Root system of swoad bean (Canavalia gladiata DC.), variety: Shironatamame
A. 5 days old B. 38 days old C. 100 days old D. 60 days old
L. branch root system developed from a secodary root scale in 10cm
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INBE2RMOEFNE ICIEETHRED 30em 25 40em CHELTEROEIEERT S
(Fig. 31). 20 HZBE 5 & FMPE 2 KEAIEK LT L 2 IR0 & BROBIRE SO % 2 Rk
AEDE QKT 60cm BIBICHMEL, B RBOEFHADLON S, TOMRE, BHBD
ACEA AT 3TN 1.5em (T &89 BILKIL D L0 B H, WEHAIF 30em FifE THERMETH S,

v

RO EFER U v kD 4 = 2 S XS HUTEY, TROBEE AU S AR U7 2 kil
HERGE CIWHM U T B 2 RIBOEH LD SEPICNEETH B EDD T E
AHIKEEROMEEZEET 5 (Fig. 32). 7HRKIKZIh SOMIE 50em » 5 60cm T il

Fig. 32. Root system of cowpea (Vigna sinensis Endl.)
A. 2 weeks old B. 30 days old
C. 43 days old D. 80 days old
E. branch root system developed from a secondary root

Scale in 10 ¢cm
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KR BT ~D 445 12 20em A5 30cm (O A S Fa Y oY 1 R e TR )

SEMOIFME UT, %2 BT 0 1 <5 3 ko Ci D RIS SO EH L b D s
RAls N, #9970 &0 ERED Smm PRI CHB L8 B I & D1 30em YR UES
RROEERBDONS.

4>¢>7x

B, LA Sem B ITHE Uiz & AURHINE T O B0 o 5 2 AR DS BOAR R i A
5. 4 /’f“/’w‘u/%@{’r%“c B2 DB TR S 2 WA AR I AT 5 @ p3JE
MTHBH, 45 v~ 2 OBERTHITHEN > TREMD S5 ~6 KEF MM 2. COBL
PAMBICIELTRDONZ SO THS. THROMEIT 1BEIEBICIES X 2 30em (T3 ERERR
BT CIRMD EBITHANTHE LN S WO TZE OB REIC T CHIRD B RED | 3 |

Fig. 33. Root system of kidney bean (P/msaolus vulgaris 1..), variety: Torauzura

A. 2 weeks old B. 30 days old
C. 65 days old, big and long branch roots develop from the lower part of the hypocotyl
D. 70 days old

Scale in 10 ¢cm

Table 15. Root development of kidney bean (Phaseolus vulgaris).

Date May 28 | June 12 July 5
Plant height | 20.8 cm 32.4 450
! a b ¢ a b ¢ 1 a b o .

0- 6% . 87.0 3 27.0 740 4-5 48.2 88.4 4-5 58.0
6-12 L6166 2-3 70 | 549 4 208 | 476 4 33.0
12-18 | 394 2 50 | 525 4 73 | 460 34 150
18-24 132 2 11 425 3 123 | 327 3 12.0
24-30 e — — | 282 3 5.2 30.0 3 7.0

a, b, c...as in Table 13
sowing...May 7, Variety...Taishokintoki
* Distance from the base of main root
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COBTHMT 2 HADE 2 RO LEH AP SHLEET, 48T ERO ihEE ki
Ll (Fig. 33). ch 3B, Mus D ic it U7cE 2 R o 4 E 138 5 e
8(&&%B%mKﬁ?é%®ﬁﬁ$%éﬁ&f1%mﬂ?®%@ﬁ§M.MH%KHW%%?
%2&ma%m6ﬁ6®QHM®&ﬁ#iTi?&%&mb,mmwuﬁ&@@Smebg%
%Mbé&émﬂé.mﬁﬁwmﬁét,*m%mHE@MHG%mW%KWEL,m$ﬁ@m
ARAE T Im BRI R 33082 Ol , TRIEASATIZ 072 - TEC 10em WALD 8 i Koy
OMH 3473 % (Table 15) .

U5 A )
BT HEE ST EMBMEL, ZOIMH SRS 2 KMWEL L 5 H5, —EoH s E
UI2a o B ERH LA EROIER I TS by, B3R, B4 RBOBAE—HL
TREMWSESRA SN D, 2 KBOEKREEBEERIITNS D, e OBROKEHRELL
EROMPNSOORFEHTH B, W2RM, HIRIREBIC EHBIEETE ITE 3R
30cm PLRICHET 2 D 4% (Table 16). Zhod o X SITH 4 BB HMML, 5%

A

W,
™

Fig. 34.  Root system of broad bean (Vicia fava 1..), variety: Kawazoczairai
A. 30 daysold B. 50 days old
C. 6 moths and 6 days old, ripening period
D. branch root system developed from a secondary root

Scale in 10 ¢cm
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Table 16. Root development of broad bean (Vicia faba).

Date Jan 20 : Feb. 20 ! Apr. 7 lVIziy 11 ! june 1
Plant height | 296em 418 878 136.0 142.3
0- 5% 1 35.2 (4) 29.5 (4) 36.7 (4-5)-
5-10 18.2 (4) 20.2 (4) 18.1 (4)
10-15 L1244 15.8 (4) 14.4 (4)
L 0.4(3-4) 10.1 (4) 7.6 (4)
;;;;;; o e &)

75.6 | 76.8

* distance {rom the base of main root
#* no. of secondary roots
##x% degree of branch root

Root system of pea (Pisum sativum L.), variety: Usui

A. 20 days old

B. 3 moths old

C. 4 moths old

. branch root system developed from a secondary root

Scale in 10 cm
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WM I ehicssEd s (Fig. 34). W4 kM 0cm BlLEICdREHEY 7 <2 UNOEHT
BIZEAEAONINCET, COTENY I ADMREEZL LTWAENTLHS. Ldd
FZRN S IFHIOEHER IR T H B 72 D TOIT R U TR M KT 5. RHRNOH 2 ik
{2 60cm 25 80cm T bt L, M4 P LOBER IS U THhE o ERIEERT.

ZVED

FAR A Sem FHICTE B &8 2 M MO Y Ic120/8 D i ¢ SHEFNC BT B 55, Ak
T«fkﬂMcn&bm WhW B T Iy B D MBI RO R

FRBIUCSBEBONAZ LD THI OO THEBEIMWERER T E2HPLMELSET 5.
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Fig. 36. Correlation between the diameter of secondary
roots and their root length in alfalfa.
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Fig. 37. Distribution of the root systems in relation to their thickening growth
types of the main roots. The vertical and horizontal distributions are
superior in alfalfa type (B), and a case in which deep- rooted distribution
can be found. However, shallow-rooted distribution of shallow vertical
and broad horizontal distribution is found in soybean type.
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