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The Phototropic Movement and it's Varietal Difference
in the Leaf of Common Bean {Phaseolus vulgaris L.)
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Abstract

Differences between common bean {Phaseolus vulgaris L. ) varieties in phototropic move-

ment of the leaf were investigated.

Three varieties, Antioquia 1, Taisho-kintoki and Mexico 489, were grown in l/5,000a
wagner-pot under out-door conditions. A few days before measurements, the terminal leaflet of

the first leaf was set to the north. Azimuth, altitude (up-ward or down-ward inclination) and

torsion angle (side-way turning) of 3 leaflets in the first leaf were measured from early morning to
sunset under fine weather.

Normal to the leaf-surface of the common bean plant changed from east to west during the

day, as it followed the sun's beam.

Those three varieties remarkably differed in the phototropic movements of the leaves, and
were characterized as follows ; (1) variety responding mainly with the altitude angle (Antioquia 1),
(2) variety responding mainly with the torsion angle (Taisho-kintoki), and (3) variety responding

with the altitude angle, but also with the torsion angle, according to the direction of the sun's
beam to the leaflet (Mexico

»cWg^, WJte^-LT^f"]'?^^-C{?t^, ^^^^ FN^StAJ (J:. ^-<J;')^
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b 1974). ^^4'itfK^io^-^^aiSt)^, ^t^&^^^ffiS^^A^^?^);
£^fc^J;^-C^>r& (BUNNING 1931).

jl I Hi| (1969) iA, /tw^t±c7)3yi?^^^ n^^^ssdj ^<? ^s^^it&^^?s®tj^:
~^'S:^^^^t^^tmt, SHELL. LANG (1976) ^b-77'J ^fflv^-T, JI|Ui,|^ ^ -"R]^^^^:
^I^L-C^o L^L, -l<7)%a^^^-C(j;, ^B^CT)^^-^<, ^^?^'^^t^^^^T<7)^
^^;h^t/J^v\
^w -i>y>^^^m^^n^M±m^m^?-t^>^ ^^^,

^a$.H^^{;:t^^, BU^7non^$-ffl^-C^y|^,^^ft^^. ^(7)^^:,
t2 • 3WB@M^^;fZ^. ^^-T^L^^n^^S^ffl^-C, ^^^^GB^^,^-
^^^-C^^frt^.

^ ^', ^^^coMft^ ^5 ^ ^, @?-^^P^^ bb^^^^7 ^^^^ ^ i^ ^ ^ +^a;
2 ^?WM ^ ^ b *^4X ^^"^ <7)%$?t^^jlt<7)i: ^^t ^.

ls[^?'^SSh^^
^M^~, m^^

m4o j: ^^->£

^t^m-m, /Hi<7)Wi-^sia^^jt^/fb^^-cN^L^. ^^^^^^^
%i??±T»t)^L^3R"p1;fi, Antioquia 1, ±JE^B^^ J; C/' Mexico 489, -^^to
papS8W^^ 1/5,000 a^^-- . t;^ Kz 1^6^ L, ^^'o $-^^^@5^ LT,

%^^:/f@?^-'3^-C^l^^^Tg^^^-X-lt:^l^< J: ^^^-y h^^L^. J?^
i^^^^r, Bf^cDB ^mA. -C-/FBU 6 0^^^/FJs 60^^-C-2R^^^

-M^JM;M'^<^MI<^^ ^), H]!?rp]c7)7j<^®^Mt^Jt (±T^X^4^ ;
tt^it^^^r"]^7j<IF®^Mt&^Jt(-h^^S^^ ; ^^j+^^Bji^f^^r"]
?toi;:^;flb<D3 N^llt^S^"^ , ^(7):^ J; I) ^®^^^^3^^ (a) Jo J; {/~7klm;
^ (/9) ^^^L^ (Jl|il',| 1969).

x= —cos (/) • sin 0- cos ^+sin ^ • sin 0

^=—sin (f)' sin Q • cos (p— cos ^ • sin 1/1

2= COS 6 • COS (f/

^"^-c, ^

:ffl^. ^
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•-nt^m^

Fig. 1

Azimuth and altitude angle of sun's beam
to the common bean leaf (June 27, 1978).

Time; no. in the circle. Azimuth and alti-
tude angle of sun's beam; upper and lower
no. under each circle. Azimuth angle; +
easteriy direction, —westerly direction, as
the south being a cardinal point.
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^•L, x, y, z\±mW^^^W7T.-t.

0= tan" y/x

ft=sm-lz

^, ^^smwt^wiw^^^^^tmw^^n.^y)^, mvm^^, ±m<^^
$-f^ 2.7 w^^^ ?^m7J<L^.
U±<D»U:, 6n^^^kr/B]^^^=r^^^\ i/m'W^^^^y)^, ^^-cu;, 6

n 27 B^IW^t^^-CM^. ^, .l^B^^^ij^^(t&^P^^^^£^J:^m^^:;
1 ^^^W^ ^ % 1 El t^t.

^

m^^r^^t
l®(D^b(J:, (^fc^T^S^) (7)^^^J;^7j<^®(.:Mt&^4^ (J^T, ^4

I^J:A-)^2-3^i^J;^T^;L^, ^f^m^l^H 2 [21^^-0^. |H][gl-C^,
> ^B^iJ^^d &^te^, mi^^M^ ^ ^^^^A-^r"]^ J; ^ -C, ^ ^WI-^I^R^ J; -^ -C
^^/fZ-CV^.

Taisho-klntokl

16 ^- N

-14

Antloquia 1

Mexico 489

Fig. 2

Diurnal changes in the azimuth and altitude angle
of normal on the leaflet surfaces.
Azimuth of normal; direction to each marker from
an origin. Altitude angle; angle from horizontal
plane. Normal on the leaflet surface; — left
leaflet, — • — terminal leaflet, -— right leaflet.

Time; no. near the respective markers.
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^-o°RS<7)^®&fim, ^|^/M{;:J;^f?$"S(t6^, ^^7fc<7)^ti)^ ^^^X^fo®^, ^
\w^^^^b^m^^^. ^^•^N^i^n^m:, ^-fi^'^i:^j;^m^i"]^^x^L,
^ y^^: rn| v^ ^ ^^ L ^.

w]mr'm^^ j; ^ (^, ^s^^^^fejo j; ^x^^ ^rw^fbf^, B°RS^ j; -^-C^L < s^&
^ bW^^ia.^. b < ^±IE^R^^ Antioquia 1 {j;M?-C, ±JE^B^{J:^J^^^A^[t^ ^^-
rn]^I^L^<7)^ML, Antioquia 1 ^m^^ -"APft^^'fo]^X^L ^. ^^, ^JE^R^^X^^
H, Antioquial ^Jt^, ^ • ^N^J^T'^i> < , TX^^T^J^^^^. L^L, Mexico 489 ^'j:M%

^± 1. ^-fW ^ ^ L, ^^^ 1^ L -C ^ ?^ 2 p?,® z ^ < ^ ^ & m ym^ fo -?z ^.

<MI<D±T • fe L- tL^i^^^ J: Ui'^^(7)^^^^b
^/j^(7)^®^^7Et-^^l^-C"^, ±-f^4^c7)f}^^^^b$-^3El^^;L^. 3

^m^ ^^ilTb^lt^Wlol^AJltt&fit^J^i -"^^^X^^^L-CV^. ^/-^ 16 i?
^±T-fW^W%teN^t ^ ^ ^ ^fa^ ^ -fz, ^ (7)B^%i-C-{j;, 16 R^^Ji?M)(7)Tli%t<^
^^^^L-C^ (W 1951). ^-^-T, 18Btc7)^^:^, ^m^w^mm^\m^^
w^/o, m^^m^f^^, ^2m^^mL^^^^.

^^^^r^Wm^i^^^, Shmm^W, IX^T"^) r>, Antioquia 1 b Mexico 489 (j;,
^:IE^R^ ^ &^^ L < ^ ^ v ^? ^ ^ L ^.

.4EH^, ^b^W^W^Wb^L, ^4^Jt^<l:()^^®^r"]<^^i[3]4I^J5L
^. ^m^^m^^^^J)^, ±M:<7)M:^b^^^-c, nd^(A®^r"]^^4L-r^^.
±f^ &^^-c7)/J^(j:^^^-)?[o]^^4L, ^lE^f^^Ml^i^-C, %^^tS^(7)^|o]^
±w^t ^ t ^ ^, m^ww^ ^ -?z^.

/b t ^X^4 ^ ^ ^±rm^ ^ w, RR^S^ j; & ^s^^^ '0 ^ Tt'^ ^ ^. -t- ^ b ^, n/j^^ ^ v ^
TW<(7)^/fk;^L^Antioquia 1 ^IE^?, ^ • ^-N^J^T-^lE^B^^'Antioquia 1 J; t) ^

Fig. 3 Diurnal changes in the altitude angle of 3 leaflets in the first leaf.
.• ; Taisho-kintoki, 0 ; Antioquia 1, X ; Mexico 489.
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Right leaflet

Fig. 4 Diurnal changes in the torsion angle of 3 leaflets in the first leaf. Symbols; see
in Fig. 3.

Right leaflet

Fig. 5 Diurnal changes in the azimuth angle of 3 leaflets in the first leaf. Symbols;
see in Fig. 3 .

^^WB^L, ^3[U(^^^J;^±TWI-^Xr"R(A, ^<7)^^^^L^. L^L,
Mexico 489 (j;, H/HlT-X^ ^®^^:i- < ^{kL, ^ ^&^J^^Antioquia 1 ^&^ L < ±^ ^
y, ^-/j^jj;^ .-' [^^^^^ L ^. L ^^ -C, Mexico 489 (A, Antioquia 1 ^ J; f/~^IE^B^^J:b

-<, ^ TT.-f ^ b ym^ ^ ^ ^.
^{£^ (DR^6W? ^5gl^^$^T^-i). ^1£^(J:, ^t<7)^B^)f"]< ^Tol^^L, ffi^

0°, X^J;{/~@^^^^^^'^7°77^-7^-^^T-^L-C^&. ^^', ^^^M:^E?^

JEL^. ?(3J;^, ^^^A^-C^^^^b^-tS^bn^). L^L, R"^£^J;^^^^a^'o^
T-^-^.
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^

^ >r>-^(7)^{CJo(t^@71C;M!j^, R"oS^ J:-7-C^ L < S^-^^Z^^b^^^-^^. t^
b-^, ±m±^W^L'C, (l)^A^¥ft^^r"]^^4, -t-^b^ r±T^4J ^s-f^^L-CR
^t-S)^S(Antioquial), (2)^%^iS^ ^^^(^^4, t^-b-^ F^t b^X^J ^sft^: LTRC'
t ^ mm ( ^IE^ ), ^ J; ^'(3) ^ lo ^ (j ^ ^ T, r±T^x^4j ^ s ^ t^ ^, ^J^ ^ i:P^^: t y)
<am^-C-, r^L^I^J ^J;-^-C^^^ <K^t^RanS (Mexico 489), M^b^.

-^w^mmm^ ^^'smm^^, ^-w-^-^^m^^-^mmm
^'Jt >) ^^ (%+t 1951). ^ W>-7/ ^, ^,1^ W ^^t£ J; -7 (^ 1"]'? -^ ^ -^ ^ ^IJ
«tA-C'-^. 3oc7)/J^^^-c^^, (3)W Mexico 489 ft, ?^p^S^i-b-<itL <
K?14^L, t < ^H^^O^v^-CtJ;, ^IJ^^^|R]{Z^L-C, ^b^-CM^^K^L^. ^<T)^<I:

^^, @7^3 it&^a^j;-^!^, mwm±^ m ^ w/s-ffi ^ ^> ^ wm±.^
^, ^^^^<^T:U^<, ^<^^^^B^X^6^^M^-t^>r ^^+^^-^^^&. L^L,

WJ; 7 ^S^-^L-C^&^^TO-C-^.
5EI^J;^^, ^{il^l^L-C^, R"R@^^^S^'IS^b-?z^^^^. ^ >r>^^^^tt^(j;,

^'@^±^T^mXl^1t?tAq?L (BOSE 1929, WEIDLICH 1930, de GROOT 1938),
^-<7)saa^ J; -^ -c ^^t^7j<JF^m]-\@E

^^l,to?L-c^-;c&a:, -TCT)^
^(D^bu;, ^ n. ^ (^^w^ ^ L -a

^itte^^-C, ]X^^;£-^N^
^s-c~w<^)%a^gg^-c^. ^fm, ^i^t^c7)3^-

J-&1 &^-C-fj; ^ ^ -^L, <pT^^1^6^iaA^^3gg{)(
(^m^^^rm^^^t^^ b{±, Bi^^^-3^.

J^±^J;^^, ^^^^PX^^^f^^^^^TT-lT-h-fz^^^T-^^^, ^>--
^(t&»?;:Mt^J??^a^, ^mm^^^i^^^^^^. ^b^^<7)3
^w^m^^^^r^^wh^^-t^'^w^'b^^^fs.btL^.

b[±, m^b^^^f^. P.&^^ftTW^b
mm (A, ±~rm^^ ^ ^'/b L -fz^x^^ j; ^ -c ^ ^1), ~b

:btL^^'}^!S.b^^.

l^£^|n]v^%a^|S<^b^. ^, Jl|m,| (1969)
^Wte^-L-r, -e-fz^WAteJ^
^t^^^^JS.btL^. L^L, ^

1^
<7)^Z.

ti^W

^

^ > yv-7 ^ ^^m»() b S^m^ J; ^> L ^. 3 mm (Antioqui^ 1, ^dE^jo J;
{/'Mexico 489) ^-fflv., TX/J^^-X-lfc ^ r"] < J;^^^~y h $-@1^ L^^ 1 W^ 3 /J^^^i.T,
±-RW^ (^'i?ip]c7)7j<TO{;:m-^jt), foi:n^4^ (^iii^a^^^^^7k^®^Mt^
jW Jb'J;^'^£^^B»XB^^J!^fo^^^-r-20trHljo^^^J^L^. I^^^U;, ^^^.fc
r> -C"^) &.

i. 3^^a?-fit^-)"<^®^Hij;, i^n^m^b ^^-c, x^^s^r"]^^-^^^^.
^.

2. ^ ^-&m±, s^m^ cfc ^ -C'/^CT) j; -7 W^jr. L ^. ^P^7t<7)^J?t^^ L -C, (D r±T^4J
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^±\-^b L-C?t^,%m(Antioquia 1), (2)F;ta b^X^J ^±^b L-CK^t^R^a (^IE^),
^j;^~(3) [±~rm^] ^±^t^y, ^b±^wm\^ [^t^m] ^j;^-c^±^<js
J-Kt^R^i (Mexico 489).
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