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                          1. Illtreductioii

    The mutual action exists between plant and the envirenmental climatic
elements. That is, vegetation suffers from environmental elements especially
from the climate in the }owest layer of atmosphere, and conversely the vege-
tation makes the climate change and forms the se-called plant climate. The
emrironmental c]imatic e}ements in connection with the plant may be con-
sidered from varieus stand points. Many basic problems in the plant
physiology suc}} as assimilation or transpiration can nol be explained without
clarif]catio)t ef tke enviromental factors surrounding the plaints, and also it
is no exaggeration to say that tlie plant eeology is in greater parts concerned

with the relationship between plants and climate. But up to this time, the
factors have been considered too often only from the general climatic or
meteorological points, due to diff]culties in the measurements and want of
data. And now, at }ength, the development of microclimatic or microme-
teorological metho.Rs brought tke fielcls of plant p}}ysiology and plcant ecelogy

under Teinvestigation. The present writer carrie{l eut, on the ene hand,
the microelimatic observations on the simple surface of various Batures which

could be considerecl as the foundation of•microelimate, and on the other
hand, atterr}pted to reillvestigate'tlie plant enviromnent. First the relation
between plant temperature, especially ]eaf-temperature, azad the environmental
elements is studied. Many rel)orts have been publisked on the leaf-tem-
perature, I{uber(i) and .S{(ttde,(2) for instance, studied the daily changes of leaf-

temperature of various plants, employiiig the self-recording galvanometer of
dottinbg system. And yet the continuous recording of ]eaf-temperature, especially

with simultaneeus records of air temperature, so}ar etaergy and xviud velocity,

has zaot be seen. The recording galvanctemeter of dotting-system may be
coiivenient to stu({y the changes threughout the whole day. But in erder

   ee Microclimatic Study I-IV; Mern. Coll. Scl., Univ. Kyoto, Ser. A, Vol. XXV l949
      (l), V.}. XXVII 1952 (II-III). V.l. >l]XVIII 1953 (IV).
   (1) Huber, Br.; Jahrb. f. wiss. Bot. 84, 1937.
   (2) M2ide, A.: Bioklim. Belb. 6, 1939.
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to record the instantaneous minute fiuctuatioBs precise]y, ancl to stucly the
correspondence between the leaf-temperature and tke air temperature, wind
veloeity, solar energy, etc., the writer's recorder is aclvantageous, as it a]lows

to make simu}taneous records ef severa} elements.

                              2. MetEzod

    Fer the convenience of manipulat!on iB the field, the cepper-constantan
thermojunctions were direct]y conBectecl to the ga!vanometer. The thermo-
junctien was made flat at th.e ]oint so as to touch the leaf surface close]y.
And as indieated in Fig. I, several centimeters of t]ie leading wire was also
made to toucli the ieaf surface to make the error owing to the heat conduc-
tion of the leading wire as small as possib]e. An end of the leaf being
           L,,f Ilxed,. its surface was pressecl by tke therme.
          tN

I
,

eeee'C

a

ist.{

          Fig.
been by touch
now, applying
actual leaf surface

the ]eaf under

    The environmental
(or water temperature),
ve]ocity (by hot-wire anemometer). were measured in the same manner as reported

elsewhere(5); the followip.gs are the norma} com_binations, namely of the leaf
temperature, air temperature near the ]eaf, surface temperature of soil, solar

energy and wind velocity.

                  ]unctiok rather strongly se that tlie leaf itself

                  assumed the form of the junction, and thus
      Ii the touch being securecl in winds. Though
                                                           of                                    many different                                                    skapes                              been                         have                  there
?"'t""t""i,i:t thermejunctions(3) for leaf temperatttre measu-
    b rement, the writer devised tl,.e specia] s}iapes,
                  as indicated in Fig. 1 for the convenienee of

  ]. recording. The leaf temperature had usually
  ing the lower surface of leaf xsTith the thermojunction, but
   the compensated thermej'unctiota<'i) previously mentionecl, the

      temperature could be measarecl at the upper surface of
   direct sunshine, without being effected ])y rad!ation.

           elements such as air temperature, soil temperature,
           so]ar radiation (by Gorzlnsky's so]arimeter) ancl wii cl

3. Some records
    mieroelimatie

s'nowing leaf temperature
enviroi]me_ntal faetors

a"d its

i) LeaÅí temperature of alpine peants
 (a) Leaf temperature of Veratrum stamineiein
    of Mt. Nerikura)

Maxbn. (at the SUMMIt

(3) Fer instance; I. Tsuchiya (1935) ancl I. Hatakeyan'ia
    Dobutsu Cin Japanese).
(4] Mieroclimatic Study II ; Mem. Coll. Sei., Uiiiv. Kyoto,
(5) Cf. Microclimatic Study I: l'rececling Memoirs.
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     P.Iate I-a is a record taken short}y after xxoon on July 18,1950 at the
stimit ef Mt. Nerikura (ea. 2820m above sea }evel). Surface temperature
of ]ea'f oÅí Vera•tru•nb stanii•neL{•ni +ilfa.xtn}. about iOcm above the ground was

measurecl by compensated thermojuB.ctiens as })reviously mentioned. As the
environmeratal e]ements, solar radi.ation, air temperature arouncl the leaf, sttrface

temperature ef the bcrround, and wind velocity (50cm height) were recerded.
The mean values from the record of l2h 1] m-15m, when the so}ar radiatien was
almost eonstant, indicated that she leaf temperature was higher than the air
temperature by about kl,.10C (Tab]e l.), and even at 52-56m, when shaded by
cload, sti]1 showed the difference of 2.70C. (T.able 2.)

                                Table ].
                   I il.rll,,. e.g?S,. i F.o.'i,. , N\g\.d F22,1

          Max. 22.9eC
iL'" _lg,m.,i\Igk'g. , igiS

         Mean i9.7

[

]

I

25.50C
22.I
 3.4,

23.8

I

I
l
{

4+3.20C
4,1.4,

42.4 :

2.,3m/s
o.i

l.1

i

i

   1.0
l

I.Ogacl
0.9

Table 2.

Air l I.eaf        1temp. 1 temp.
I

E Soil
tenlP•

Wind
 vel.

i
l
i

Sol.
rad.

        '
        Sl?il
]2h "t s5gll-1 ] Range

          Mean

l6.20C
13.4,

 2.9

Z4•.8

  l8.2eC
I ].6.7
   i.4,

  I7.5

I

i
i

31..50C
27.4,

28.6
i

6:gm/s ;

o.g l

0.2gcal
e.l

O.l
i

     (b) Leaf temperature oÅí Lagotts glatsca Gaertn. (at the summit ef
          Mt. Shirouma)
    Plate I-b is a record o:a 10hlem-11hlOm, l6 July, 194,3 at the summit
ofMt. ShiTouma (ca. 2720m above sea Ievel). Leaf temperature measured
by jimetion attached to the ]ower surface oÅí Lagotis gtauca (]aertn. (5em
heiglit), air temperattire surrounding it, air temperature at lm height, tem-
perature of soi} surface, solar radiation an(l wind ve]ocity (10 cm height) were

recorded simultaneously. [rhere was a cotasiderable fiuctuation of solar
racliatiota even though it was fo.crgy, ancl the }eaf temperature changed eorres-

pon. cling to it. In Table 3 are show]i the maximum and the minimum
temperatures in the who]e record, the two values of 1 min. mean when the
fiuctaations were smal], togetl}er with other environmental factors at those

tlmes.
    Sudden in.crease of so]ar radiation byings about l]kstantaneous rise of }eaf

temperature, but the ]atter falls gr.g.dually when the former decreases. For
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examp]e, w}ien the solar radiation yapid]y increased from l.26gcal. at 33.3mln.

to 2.3gea]. as 33.8mln. and then droppecl to l.4-5gcai. at 3Ll,.lmin., the co-
rresponding leaf temperature rise began 0.4,ml:.. ]atear and the maximum
temperature of 270C appeared 0.2min. after the maximum of so]ar radiation,
and then the leaf temperature graclual]y fe]1 te 23.3eC in the ceurse of 1.3min.

whereas the so]ar radiation decreasecl rapidly. 9.urrouBding air temperature
measured under the leaf changed in paralle} with the leaf temperature and
temperature of the ground surface, but was guite independent of the air
temperature at 1m lieight. This is a remarkable feature at high moup.taip_s.

               Table 3. Leaf terrtp'erature oÅí La,.tro:is glauca Gaertn.

                         I Air                                                            Sol. rad.                                             Soil             Leaf temp.
                                             teMP•1 Cgcal/em2min)                           temp.

10h 19m
  -20m
11h 06m
  -07m

10h 32m
  -33m

10h 46m
  --4i7m

!
l

i

lm
Air
telnp.

Max. 29.70

            IMin. 17.8
            t

Wind
vel.

(m/s)
E
i

2nv6.4o r"mu"l'61'g'ifM'ndumww34.o.-

17.9         12.0 28.0

Max. 25.tsO 1/ 24•.4,0                        16.20 I
ISEin. 25.2 I 22.3                        12.e
            1Bange 0.6 l 2.l                         4.2
MeaB 25.5 i 23.4                        14.1
Max. 21.oe
Min. 2e.3
Bange 0.7
Mean 20.7

21.so
l.9.4,

 2.1
20.5

l6.oe
II.7

4,.3

13.9

32.2e
31.9
 0.3
32.1
3e.oo
29.8
 0.2
29.9

1.8

3.e

  2.7
  e.4+

  ]. .4,

uLllnys"''"

 <O.l)

  Q,g

2.3- 1.4
e.s ---> o.6

18
l.5

1.7

e.g
0.7

0.8

ii) Leaf temperature of saBd-duue p!aiits
    (a) Leaf temperature of PheZlopteru•s littoralis Fr. Schnt.

    Plate II-a is a record on the sand-dun.e at Karo, Tettori Pref., in the
afternoon Aug. 2, 194i7. The measurea elements were air temperature (4, cm
height), temperature of sane surface, wind velocity (10em height), solar
radiation and the temperature of petiele of about 2cm undergTound. It
was rather cloudy (8!IO Ci, Cu), and sea-breeze ef about 3m!s was blo'ving.
The mean values derivea frem the recerd of ].4-h20m-24-m indicates that
the temperatures of leaf (4,.5cm heiglat) ancl air were 34+.90 and 38.80C
respectively, the difference being 3.9eC. The leaf temperature appeared
always lower by about 4iOC than the air, the maximum difference in the
record being 5.80C. As this lowerin.g is ce.nsidered te be due to trallspiratlon

from the leaf surface, an attempt was made to prove this by cuttin.g the
leaf at the base of petiole to stop the water sup?ly from the root, at 14h
25•5m. There was no change for lmin. after the cutting, then leaf tem-
perature began to rise (as the record indicated) lin. early for about 4i min. ., to

be roughly egual to the air temperature. As no change could be seen in
both records of seiar energy and wind velocity cluring this experiment, this

temperature rise must be due to impedea transpiration. Actually the
leaf was found wilted with coleur faded at the end oÅí the measurement.
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        Tal)}e 4i. I.eaf temperat{ire of PI}•eZIopterus Litt.oralis Fr.

       iJeai".6snip l A{rc.Eg•mp l#.e:is)l l •S.{-iV,[{.!fiilig'(]>

l4h / 'tv'fax ]VIin i' IVIaN lsVIin l CC'C> I                                          1",fax kNtlin

            Sohin.
            i              Soi.
              rad.            i            i (.ffcttl)

r555 55-0 i 1-17
55.6 55.5 • 1.20
55.8 .55.6 , l.20
55.9 555 l 1.]7
55.6 55.4A i.l5

            1,55•69ss.si55•401 l.ls

            l
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2em
21
22
23
24,

Mean

w 25m
  26
  27
  28
  29
  30
  31
  32
  33
  34,

g,!ii g,ll'S ii 4E,ii.i

35.7 33S 4,1 .7
34,.8 34.0 l 4il.2
            ''//

     itS6.5 i 395
36.5 l, 39.5
.n,6.3 i 39.7
36.3 i 39.7
360 i 39.7
     i

i
i
I

3s.46 34.24, i

   34,.ss L
tlal.24

   38.78

36.32 I

    i 39.62

35.0
35.7
3Z2
38.l
38.5
38.8
39.4
4,f].0

39.3
39.4,

34,.3

34.5
35.3
36.7
37.7
3&0
38.2
38.8
38.3
38.7

4,0.5
4,f).6

4,l.5

41.2
4.l.8

40.2
4,l .7

4,2.5

4,0.8

41.2

36.5
36.7
36.6
37.7
378
36.7
36.5
36.7
36.2
37.0

-ee•n

39.7
39.7
39.8
39.8
39.9
4dC}.C}

4,0.l

4,0.2

     1

55.7
55.7
55.6
55.7
55.7
56.l
56.3
56.6
56.8
56.9

     :
fisg5ifr, I

ig,i.4i 1

55.7 i
55.g
56..3
56.6 i
56.4, i

     i

].12
].]2
]..l2

].13
1.13
l.]4,

l.l.5

].l5
l.35
].].3

  ee 25.5m: Cutting off the petiole. ww "
   N-)e Petiole is exposed in the aier owing to diggin.cr. up sand for cdittin.cr it at

From these experimenÅís we easily recognise that the con.siderable

lowering is seen in the saucl-dmke piant'. Reading values are
Table 4t.

    (b) Leaf temperature of Vitex rotun.rlopolia L. jSl.

    P]ate II-b is a record on the same sanci.-clune as (a), on 9h27m-10h12m,
2 Aug. The temperature of a leaf (2cm frem the sattd surface)
creeping stalk, stalk temperature, air temperature around tb.p. ]eaf,

temperature, solar radiatio]i and wlnd ve]ocity (10cm heigtit)
simultaneotts]y. The noxma} state under the eoiistant so]ar enerbcry

variations caased by cloud shadows are seen in t}}e record. 3rhe
and t}ie mi)}imum of leaf temperature under almest constant solar
skown in rCable 5 together wit}} other enviroRme).ital factors.

       -
                                Table 5.
                I I.eaf i Air ' stem i soll windl sol.

. rm wwm.h i.rmEL9III]llmu..,_.`+e.IM':.._._.ift!ilEl._.Lt.eli:el.Lnv.. Jiel..._...vlill'irm. .......t..............tt

IOhl]in (Max.)
 9h38m (IVIin.)
2eh44fm-4•9m
 (5min. inean)

3•6.4,0

33.4,

34.7

I
,
i

l

39.7e
33.0

35.7

   38.7o l
 l 3g,.)

 l 3g.s
rmL Åí

50..3o

46.6

48.5

i
l
1

I
'
2
l

     l
2.2m/sl
:-l.5 I

2.2

   i XViiid
   1   l      vei..
     On/s} •   l   '   ' 2.s l

       ;ig l

   I g•ig'l

   ii   i llr>rmal

       ig, i

       ifi

   l l,I7, !

       3.i I

  the l'}ase.

 temperature
   sl}oT,see i]i

     Qll t{le
 sand surface

are recorded
     and the
       .   maxlmum
radiation are

1.2.cr. CaYCM2Ri
1.1,r)

i.25

C3/lo cc. XVind clir. S)
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The variations due to shadows are examined, for instance, as fol}ows :
So]ar radiation clrops from l.3gca]. at 49min. to 0.3geal. at 51min. ancl
again goes up to 1.3gcal. at 54-.4i min. Corresponding to these chaiiges, first
sancl temperature (e.5inin.), next sta]k temperature (0.8min.), follewed by the

]ectf ancl air tempeyatures (ca. I.Omin.), become lower. The minima of these
temperatures in this case are as fo]lows, the time lag being shown in brac-
kets :

       Leaf temp. Air temp. Sta]k temF. Sand temp.
       3i.4iO (0.3m) 32.70 (L6m) 36.20 (2.3m) 4•2.9e (L3m)

iii) LeaÅí sempe}'ature of tea-plant at the time of frost formation
  on it <at Tahara, near Uji, Kyoto Prefecture.)

     Plate III is cft reeord ii?. the early morning,INilay 1, 19tl-l, when tl3e frost

was just deve!oping at tea-p]antatioit in Tahara, iiear Uii, Kyoto PreÅí, taken

dtzring tlke microclime.tic surveys on damages of tea Ieaf by IVIay f'rest. The

reeorcl shows the air temperature and tl}e temperature differei}ce between ]eaf

ancl air. The leaf temperature is generally al)out 0.50C lower than the air
temperature iaear t}ie ]eaf. But at 3h52m, there happened a sudden rise
of 1.50C. Since corresponding change did kot appear in the air temperature,
the change should be regckrded to be due to the latent heat generatecl by
freezing of the water on or in the ]eaf. A minute observation shows that
the change had taken place in two steps; the first sudden Tise of ca.
I.50C, and a slower rise of 0.70C 2.5min. Iater. The first rise is supposec{
to be broug}it a])out by freezing of dew upon leaf surface a]id the secotad
due to freezing of illterce}lu}ar water. Experiments ita the laboratory, using
reftigerator, proved thet oBIy a single suddeik tem})erature rise is usually
o})served, no gradual Tise following it being noticea])le. When th.e leaf was
wet, however, the two•stepped change as mentioned above was often observed.
It is to be noticed tha{ the freezing of tea-leaves tool< place wlien the air
temperature was ca. -1.COC and the leaf temperature was ca. =. .50C.

gv) LeaS' tempevatures ui}der diregt semskiiie and in the s'aelter
  (at an orange oreliard in Wakayama Prefecttire.)

    The "Komokake" (coveriBg orange trees by rush-matt) is the general
practice for purpose of protecting trees agaikst t}ae co!d-damages in the erange

orcharcls. Plate IV-a is a record obtainecl in the survey of the effect of this

covering at the oara:kge oychard in Miyabara, Wakayama PreÅí, on 111yllh50m,
9Feb., 1942, ander the calm weather (5!IOCu). T.he temperature- of leaves
in (80 cm height) and out (65 cm height) of the "Komokake" (tlte sltelter), the

air temperature surreuncling tliem, and so}ar radiation and wind velocity
(50cm height) outside t})e shelter are recordedi simultaneously. Changes
of temperatures coarrespotading to sudden changes of so]ar radiatien may be
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examined in the reeord. Under the shelter, there seems no great difference
betweell ]eaf tem?ere.ture ap.d air temperature even when solar radiatioii
saddenly changes, tkottgh the ]eaf temperature u:ider d!rect su]].shiiie rises
considerably rapid]y. Table 6 inclicates the reading values of t}iese chaug"es.

    P]ate IV-b is a recorcl when the sky was overcast (IO!IO Ci). ewiiig
to the weak solar ra({iation, there appeared no remarka]]]e changes as i.n the
preceeding case, and the simi]arity between t}ie curves of so]ar r.adiation and

of leaf temperature outside the she!ter is better in present case. Ge];.er.al]y,

there was no great difference between the air temperatures in and out of t}}e
shelter, except that tke fiuctuation was considerably smaller inside than outside.

Inside tke sl}elter, the leaf temperature fiactuated ]ittle and was a}most egual

to the air temperature.

                                Table 6.
l

' R?l: ,La.gb.

   outside
   insicle
l I-eaf temp.
   outside
' ins{de

i
l
l

IOh.57.2m - 57.4, > 57.8 --> 58 > 59 >111iOO.

l

l

0.3gcal >

6.2eC >6.2 -
7.0 ---__ua

1.23

8.5
7.2

- l.27 ..t.... ...........t,__..,.

     >

t...nd  -
8.0

-- 0.4t >CJ.3srcal

         -->6.50C

13.3 ----------

>6.5

5.7 _
- - •--------•--)8.5

6•8 mnv> 6•8 ffnm'>6.3

li 'remp. rise
l

l
l A B c :

i Dee

  LeaÅí temp,
   outside
   ip.side
  Aiv temp.
   outside
   insicle
l

  I
  I

  I
''-'iww

8.30 (0.4m)
l.1 (0.6 >

2.0 (O.Om)
2.0 <0.2 )

s.oo (().sm)
i.o (e.,g )

2.0 CO.2m>
].8 (0.8 )

7.oo
2.0

3.0
2.5

(0.8m) l]..50 (6.4+:n>
(].2 )

<C}.7m)

<1.2 )

3.6 (7.8 )

6.0 <5.0m)
4.5 (7.6 )

tttttttttttt lttttt

   I

       5.50C   I -o.g

   II

l
E

I

l
l
I
I
I
I
i
l

1[Åíaf temp.

- Air temp.
 outside
 inslde

/

• 6.30C 3.00C   -0.9 -0.8
 4,.OOC

- 0.5

            Time !ag is $hosvn in bracl"et$. Die: the maKimum values.

     P}ate IV-c sliows a record at night, about 2h30m,9 Feb. Both leaf
temperature and air temperatRre rise when wind blows. This rise of tempeya-
ture may be considered to be caused by perturbation of coolecl a]id stratified
air ]ayer, formed by nitocrht radiation, thTough mixing with comparative}y warm

upper air. First rises the air temperature, which in turn, makes the leaf
temperature rise. The air temperature inside the shelter is almost the same
as that outside, theugh the fiuctuatiota of the former is smal}er. But there
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exists a dist2Rct difflereiiee }[}etwee]i the temperatures of leaves in and oat the

shelter. For 2nstapm.ee at 2h4,2.m-4{3m, when air temn, erature outsi(le the shelter

was minimum, bei"g 0.70C, that in the shelter was 0.80C, and ]eaf tern-
peratures ontside and insiae were 0.20C a.nd 0.80C respectively. That is
to say, the ]eaf temperature inside was 0.60C ]iigher thcan that outside.
The differe.nce, tlioiigh smaller than IOC, may not be over]ooked, since lt is
large eneagli to prevent insicle ]eaves from free7.ing w}ien outslde temperature

becomes just below zero, cold exougli to freeze oLitside Ieaves. Changes of
teinperature corresponding to chamges of wind adclecl in Table 7.

                                Table 7.

E

TiRie
I
I
1

46m 46.5m

Wind vel. 0.3m/s - 0.8m/s

Air temp.
          insi(/le
Leaf {emp• ? ,tis,lc.le

outsicle l• ]..20C --> ].80Cl i.e - i.s' 9I50C 3 }aoc.

                ee rThe change is graclt}al ancl is 0.5 niin. behind.

v) Leftf temaperaeure at the ptee-field under the special enviroii-
  mei}t (at Tairaclate, Aomori Prefecture.)

    P]ate V is a record obtained ln the survey of the rice-.fileld watered with
co}d mountain stream inside of the she]tey belt at Tairadate, Aomori Pref.
Leaf temperature of rice piant, surrouncling air temperature, air temperature,
air temperatures of diffevent height, water terr}peratur'e, solar racliation ancl

wind ve}oeity were s!multaneonsly Tecorcled. The rice fie]d used was the
fixst sectio)i of the series of the fields where tke fresh and coldest water
eomes in direct]y from meuntain stream. It is callecl a sacurificial fie]d,
because she temperature is too low to expeet cron! yield. VVater in the paddy

fie]cl was 3.5cm deep at the time of observation. The rice-plants were
about 35em high, and eacli hill was 20cm apart from one another. The
recerd inclicates tlaat the water temperature barely rised up to 280C in the

claytime eveR when the solaer radiation was the strop.gest. The ]eaf tem-
perature was higher than air temperatuyes at any height. And as the air
terllperature s}}ould be infiuence by lea'f, the foymer was the kighest at the
heiglit of 25cm, where ]eaves thrived most. The most active heat-surface
in tlais paddy-fieid is net water, as in warmer distrlcts wliere the water tem-

perature is the highest of the e}ements in sunny daytime. The maximum
a"kd minimum ternpera'Lures anG the temperature chaRges due te sudden rises
of solar radiation are iBdicatea in [rables 8 and 9, respectively.
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11h51m

12h33m

13h02m

]3h4•3m

14klOm

l'

[

l.efe temp.
  (l5cm)
max. mln.

I
l
1
i
L

Air temp.
  (15c-m>

max. mttl.

Air temp.
  ff z',ight)

ma'<. mln.

l xw'ater

  temp.

32.oo

31.0

31.5

30.7

29.3

28.o.'rm"

24,.8

27.0

2Z7

2ZO

30.3o

29.5

31.0

29.4

28.2

25.5o

25.5

25.8

25.6

25.3

27.e

27.7

30.0

26.8

26.7

(l m)
O 23.50
C5em>
     24.4
<25cm)

     24,.7
(4,0cm)

     24.0
(70cm)
     24.0

27.oo

28.0

28.3

27.4,

27.0

l

So!.
rat'1.

.< peTa.!y)m

geal.

1.70

1.37

1.70

l.68

i.2e

I
l

l
I
i
I
i

Table 9. Temperature Ti$e (lue to sudden rise of solar radiation.

t

I..eaf temp
   eC

Ilh57m

l2h35m

l3lt03m

l3h46m

28.50->32.10

28.8 ->31.0

27.0 ->31.5

27.8 ->31.7

Air  temp
oC

26.00-29.50

26.7 -29.5

27.e --.29.e

25.6 --)293

Air temp.
 CHei.crht)

    (lm)
23.70-27.00
    <5cm)
26.5 -2Z6
   (25cm)
2•1,,7 ->29.3
   (40cin)
24.2 .26.7

 'Vll'ater

temp OC
'

26.80

27.9

27.9

28.3

- )28.l

->28.1

-28.4,

Sol.
geal/

racl.

  ocm-m

I
I
i

0.55

0.4

05
0.5

- >

-
-
F>

l.70

l37

l.67

1.68

     Tl}e writer wishes to
K6riba for valuab]e advices,

He is a}so indebted to Prof.

encouragement.

show his
by wliose
J. Ashicla

appreciation to ProÅí Emeritus Dr. K.
suggestion this study was undertakexx.
of the Botanical Ins-titute fbr constant



Mem. Coll. Sci., Univ. Kyoto., Ser. B, Vol. XX, No. 3. P].

 pm`7 bTIJ6m'-'""ny""i'+ "3'om' i 4o"t i s'o,h'' t3fi.15:'" '''"",5""

          . Iil,":,ti;'"st,rtve•,tit"5tau,•t""s,""'i-S""sivv,""t,mt,ftwr,,e"ilSk,x:,.tsk,t,y,,k,,,,,,,tt.,,de,,•...)ILQ,,,is',"`isl_,lll,,[:-metsN":'si`-,-,,e"t-;deg)lii

                   .' r'N 4D' .•}e .:• 1. te rrg}. .
                          `!-'' '''  _ i2s` LIs V.,.NN -
 Leaf' tenl•P. _-' zot ".__ _. _. m ' ._._.m.I T __.. . .

            i i ,g• 1_ L m7.11grr
  itJ 1, pd V?1•- lp .: :T.v. ,.' iiispiis'i:', '-ut', )' ',, •.. .. i, s,i' . - ny,E.'"" ' "i,k',".N:,t:==h"i:iiMtvfl;S?t"slt"'h, t .;-- ,," .kI'-x.."\"iTLs;-"t 4s. sx't•."r.s-x;`:''"xts""e•:{r.,sl" -, NN;"E

  .', ''' -' .2 •. , -'

Il[.;]';;]1-he, ec" •ptr"'"t"r-"se'r- S..,i-i, .1,t :,i 1_1tgt:i;" "S'' . ."..,s,,.Il'. "' fk'iIV.<

     .) ... ... ..t. 1. r._ r.. : t t t. t r 1 ' '
  (a) l.eaf temp. of Veratrum staminenm Maxim. 02hl]m-13hllm, 18 July I950, Mt NoTikura)

  J ' , 18'=.. "ir :ern;.Ll v'i;  di

I

l

o.o
' l'e-o "' '' '' eEso '' '__ 1-Lh]o_o:I'._ .". .I

(10hlOm-]lhlOm, 16 Ju!y1943, Mt. Shirouma)

lo

Cb)

    ..j. ph.. 129.....                   I30..

                       Gaertn.Leaf temp. of T.agotis glauca



C
ut

tin
g 

th
e 

pe
tiQ

le
 to

e

   
   

   
   

  -
lp

e.
af

 t-
,m

p-
'• 

.s
7 

L
6t

i,!
lir

rS
i;-

...
.,.

.p
t..

,..
...

.r
fx

`ii
-e

"v
e'

A
!r

 te
m

n.
.

st
op

...
".

. ,
..3

..X
'L

;.'
 ;.

-.
rh

i""

   
 3

3
r-

.s

th
e 

w
at

er
 s

up
pl

y

"-'g
;fl

?`
-f

-.
. t

lll
,,,

. r
sw

ll.
t•

X
. g

e•
 IE

 -
S

 lt
tH

er
-t

,l 
-.

`.

sc
.tw

'rv
pt

"N
vt

he
,a

lte
pm

vt
w

f

   
   

  e
 •

1
   

   
4I

t]1 L

.;.
.,r

l,"
.::

h"
`.

;(
it-

..'
!',

.,:
•-

'"=
3,

ifi
i1

11
.L

,2
S

.l,
)1

.3
1.

iik
i,F

•l1
IS

.,1
••

il,
i',

S
•'•

•i-
•i"

i,•
.1

i'j
':'

;.l
.'l

-•
,,.

,..
39

.it
r•

lii
.,1

,,.
•.

'tL
•1

.1
•iL

li.
-.

-.
i:.

':.
,,'

''
3•

7 35
is

an
d'

''''
"t

::I
'i'

1'
:':

-1
'L

...
•''

.L
'

et
te

m
p.

..,
...

...
.,.

."
:./

v:
=

'',
=

•-
,•

''l
..-

.''
ttt

57 ss
""

.r

;.#
it/

/.,
'..

'.t
ta

sp
t"

'.L
`.

..'
.:-

'./
'.'

','
.-

'-,
..

'

.

o
'

tr
,,e

'n
'-"

41
,'

.

i'f
.t,

,,j
l/"

)i'
:i:

l'1
;E

';l
l,S

,r
''.

e-
vt

--
t

ttt
tl'

'tt
tt/

/tt
t't

39
'

'

'p
af

i.i
';'

E
g-

.'=
'i'

=
.t:

IJ
,ig

e•
,.-

'•r
l•

1

'
 i"

 -
 "

ilf
ltc

-'s
g,

, -
i. 

,

 : 
: •

t-
 "

1"
.!H

"il
}'g

i,X
".

X
""

fk
;il

•;
.il

..I
.. 

,. 
..,

F

gl
be

.S
ig

kl
ill

iil
g-

$l
gt

$l
lii

:ii
ilt

lf•
il'

,,

 s
oi

i.r
a6

::'
ll;

l\"
'" 

.."
za

-k
l"I

'M
/,\

{I
fÅ

í;L
S

i,l
i; 

-;
.

Z
'i, 

3"
H

 'E
:l 

,-
{{

ri;
'-l

..i
pe

..,
.x

-$
..,

${
tl;

:ll
gi

:l,
 ii

"V
i

['
Å

},
 '

f.i
.l,

 4
k 

•

t

   
s.

o
_f

io
o

.

1

m
l$

l
,

.

.

f. 
--

--
1;

O

t

 tt
'

 t 
tÅ

}
 t"

-t
it

15 ei
5

9•
C

at

  /
tt,

..•
r

   
   

   
   

:;
?v

r,
.p

ai
 ' 

ti

  l
 1

. I
 -

4,
1 

1 
l '

.l,
., 

,.:
.i.

.;
..

 3
7'

 -
 ''

' '
'H

'"v
k-

-,
.v

,iv
lp

""
y,

.,v
tv

s,
-v

,v
tt"

A
 s

s'
!.N

v"
,..

"X
,"

s"
A

.v
,,r

ts
, "

..,
`,

J.
-,

ve
r

 _
35

g3
. .

 3
>

g]
{5

7e
 .,

,i,
 t.

..,
g,

gs
rw

- L'
-,p

ttw
`S

s•
,w

ag
vx

"1
''z

,s
l`_

"',
te

t,.
,,S

,s
X

,t"
 ' 

"'•
'1

l:1
'li

ill
ll1

`'T
i,Å

í[:
I"

,•
`'l

lil
/l.

 .s
g'

 3
90

 A
x.

w
hp

=
so

3.
7 

37
-
,p

. .
:

Ly
s 

'."
'

 '"
')'

1`
rr

r 
-s

 =
.. 

):
--

Ji
 ,e

M
ii)

Lt

  l
 l 

l 1
 l 

1.
' l

•'
   

   
   

/t 
-f

i
   

   
   

   
   

. •
sr

rS
M

fs
 ' 

. ,
!n

a 
vb

3:
,'"

 

 i)
. .

. I
'

 "
'"

E
Q

j

s o s . o o_ y g) "t
' c: e-

.x
,, 8- " m g .w s .l[
l g ge

•S
lo

.:,
V

l"-
il'

1.
'"'

['l
i""

"'.
']'

 '•
'i:

"' 
ii'

fo
., 

,. 
,'.

 /:
 4

1o
 i.

'' 
t•

 s
to

 '•
 :'

 i'
•-

'•

  (
a)

 L
ea

f t
em

p.
 o

f P
he

llo
pt

er
us

 li
tto

ra
lis

 F
r.

 S
ch

m
.

   
   

  C
14

h1
5m

-1
5h

, 2
 A

ug
 1

94
7,

 K
ar

fr
du

ne
)

.1
 g

t=
t

'l'

.•
 lg

O
 I 

. 1
60

• 
l' 

IO
:O

 '.
 ,

   
C

b)
 L

ea
f t

em
p.

 e
f V

.it
ex

 r
ot

up
di

fo
lia

 L
. f

il

   
(9

h2
7m

-1
0h

12
m

, 2
 A

ug
. 1

94
7,

 K
ar

o-
du

ne
)

v y =



Mem Col}.

     t

       Air

     e   -2=

Sci., Univ. Kyoto.,

(entPerature

Ser. B, Vol. XX, No.

         '

      Mayl

          t

3.

7941 at

       P]. III

Tzewnra vtt.

 __ oe__ . - - -- ----t--- --J--•-'--

               ll Il
     3h,som 45 ,re 4        t

         Te{rep. 4ilference- Freesing
          .eettueen eeaf and aer "
       .:2
.;;.;.;-0=girtJ)[ t. -'rm ''
                                       T
                                     Freezing

                   1.eaf ten]p. ot' tea-plant at the tiine of

                          (.3h30m-4h20tn, 1 May 1941.

frost

Tawara)

oo.r,. l i ' i rJ nL

m_ -_ M

   tormatiorl



  '
l. 

lr.
 ,

'i'
 Å

}
".

t.

 /1
 "

I.- it,,.
i '

A
. •

• IK
:'.

. •
 ,i

•:
tii

rT
tt'

• 
,s

-v
h"

s.
s 

.•
t'

Ji
E

• 
iA

4t
 ,

•,
j .

y"
.. 

."
.

'
L.

{ 
ka

vw
-"

 '"
' .

_

. I
O

,,Y
it,

M
"d

_i
ty

S

i i
c'

 ',
s,

11
 "

'

  .
l

" 
.L

.
".

Z
w

hS
.0

 "
cp

%
".

.. 
"

.I.
. '

 J
 .,

 .

,.a
sS

bt
'p

at
d'

 L
t.

••

v K
" A

'l 
•

   
pt

7o
e

  t
tfi

 t 
--

.-
.

  s
-''

 '`
   

M
1o

e
, t

l l
:.'

 •
''u

t .
y.

.N
t._

.

 1
0'

••
. g

  N
..

   
 "

X
--

vx
••

? ;w
il"

, v

l•1
.tt

N

lg

  i
C

 D
  i

+
 "

. ,
l '

"k
!s

l t
...

,. 
' "

 1
 , 

IJ
.

-v

""
S

c,
ts

i,N
.•

,tg
 ' 

'

 y
s.

.N
I V

 N
zi

gx
x,

: t

-

L'
fN

_,
,,,

,,.
..,

.ti
rL

`.
x,

•-
••

...
"v

!!!
,,,

,,t
te

irt
tb

t!e
!(

tV
vi

-t
-.

tt

  i
l r

•
  •

5.
, •

s"
y

 i
/ t

t/
':'

'l'
 i 

'i 
'

 v
t t

t
. .

1.
•1

 .

 Il A
l

  l
I, vV

t'

/-
tt

ft"
"

   
 la

 1
 1

iS
 ,

 t,
 X

.tV
., 

lk
.

/:t
h

''
;i 

'
tl'

 v
!   " e-
t-

p-
.-

n"

lfo
.Il

l I
A

. 1
 f 

K
um ._

 "
 7

'
-

-II
Y

L 
r,

 .o
. 6

rM
 A

am
a.

,tw
3.

.g
.:w

be
-r

w
pt

.-
-E

;

IL
Lt

s 
i"o

'y
-f

ix
k.

ou
ew

S
en

y.
-_

A
k'

th
"w

h_
.._

 =
39

Lf
uw

•-
w

h-
=

 S

--    
   

   
   

   
' L

o 
3.

o'
 -

x

   
   

   
   

l '
• 

L-
. Y

ts
  -

t/
as

 v
ut

t/c
m

i ,
,t 

'

'l 
'I•

1 
•1

..

..
 t'

!if
 O

'O
 l 

. •
 ir

2 
h,

t t
 1

 l 
l

a)
 D

ay
tim

e 
(]

.]i
i5

0.
rn

-]
lh

20
m

, 9
 F

eb
.>

 l,
) 

D
ay

tim
e 

(1
.5

h2
1m

-4
6m

, 1
5 

F
eb

.)

   
  5

/1
0 

C
u 

(]
al

m
 J

O
/1

.0
 (

]i 
C

ah
n

M
ea

s4
,i'

in
g 

he
ig

ht
S

 (
:lt

g 
l;i

9 
jg

,b
5:

lil
ii)

 M
ea

n.
 h

ei
gh

t. 
14

0 
cm

   
   

   
   

   
T

em
pe

ira
tL

Li
:e

s 
in

 a
nd

 o
ut

 o
f t

he
 s

he
]te

r 
at

 o
ra

ng
e 

or
ch

ar
tl 

in
 W

ak
ay

am
a,

 1
94

2
   

   
   

   
   

 (
A

A
;)

 : 
A

ii'
 lr

iii
l,-

 :)
;;t

 o
f t

he
 ih

e}
te

r 
LL

,o
. :

 r
,e

a.
f, 

te
m

p.
 io

n,
Lt

 o
f t

he
..s

he
lte

r)

lto
 IS

O
 '

c)
 N

ig
ht

 (
2h

35
m

-3
h.

 9
 F

eb
.)

   
 0

/IO
 C

al
.m

M
ea

q ii
ei

gh
ts

(ii
t?

• 
Lg

i8
gg

:ii
)

w ' _ <



    Mem. Coll. Sci., U

 Aug "eO 1941 (81 1o
      11h51m
        /mHrrt 'tttttttttttt'///'/tttttt/ttt/wu

       v';,ir 30 T,,1 vr, ,
,:eeth) i- ,"lt,"et•ijsii,v

                 t              '      2se

niv. Kyoto.,

se Cl)

12h35m

Lear
TeTnp.
L lbern J

;'
# "t` itlf

t rltl

3oe_51."

  x_.

2sC

SeT. B
     '

tflt'i"'tx'"L'ts,itift-,kt

Vol. XX, No. 3.

   i3h02tu
''  T'='"7•v','."i•"e'ewT. 'rT/TIf r""z-

     -' '"t• t:i     if"""'isv,•

     .

13h45m
  .H.-/t,.t-._.,,. ...ltt...tt..... .,..

25-

 o30•-
 .--"'te.kin"S,ge,il,S)Åí-lg",N,

Pl. V

14hldn
  rt. ttt/t ttt ttttt t .tttttt'lt. t

 la '. .it , ,
 l
 i

"i.i""v--wza..wt

Sol
Rad

.

' 4.1
gegi ,, L "
  i.0_l

.

liiiscpptwr,v4pteY,S.NW

:Arv

o.o

f

    i
    i' t

     'I

bevV
l

r

i''

[i' '/

 o-sO "-twiNptAvt--skvt"VN

 o=
25 ••

-V

s

 r

•l

x
 ir

     i'

Vi'& s

4Z

1tp

Air
:?emp.

  (lm)

25armb,- T'
  - '' '"  it

  :

{5cm}

M_,!
i25.

   (25cm}
Ioi30 ,7v,",.ev'"V'

{4Ocm)

inpmbutwut2S
              1

(•70om)

'iVat.er

Temp.

'N1nd
Vei.

:91-ik""'--""'- :#'-,_.
 "/27T

m/s

2 NL
1 '-
  t-0 •  O }<,igfl,",?'ptr•,;il,ts?'t'ig'1

     1[

  ifl, ,.t )l-1, •, ,. .

  [s". r .t ;.S .r).t -1-./..

   I.eaf

tll

t' k
L

'

/t
"i"g,,ili[•":'i,,l,,Siitslt,i,lsii

   lr
 :.•t..,...._. :l .

temperatuieq. at the
]:i' ceLfieiti'

29_
- -k270 ' 260_

''  28I-.-.-.--•-..--28.- .
      ''f"..e rs 77;X:

  

under the speoial

+r•,

t

OnVITOIIIIIenl'.

ilVpt"
IV,h",,,lft,•i wt,'paau,' ?ifVVISiji,l"lg

    1't 7'
                t
                /t''t i 'i "' t  ''t

                 f] •:••" ,••"• Li l..
    _ ..- .. i'.r..1 ..

     (Au.v. 20, 1941, Tairadate)


