
�l.Wl :i,;.llllll .algoll Jgj..i 
(Jjl..ill ; ... •IJ) JIJgill <Jo 
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(J;b.l1 �I) 
:.t..11A 

� . •. U"l/1 .._..._ •· Ull;._ • • · '- • ·1 "l/1 · d .. ..l> '-"1'-'.ll Jl · 'I ..J· I �...J-D ,;,p (j JJ t.JA . � .,...... 

Sieve �� � .J J.J�I �l.bi... wt:i� � Sieve Tube Element �I 
W:�.?-1 1�1 .u4 LJJi .yo _;si � U_;c. �_, .J.Ji:JI �).c. ..::WL:U .,r cells 
J} � Iilli , _?..II w�> � ) JWI J_,.. GJTdlmg (�1) p.ll '-;!= 
ill '.ihll J;.,l �_,II o_?.JI I...IJ 'i;ll'-'ll Jl_..ll F � � Jl '.i6.ll 
(Mason and y j� u�l L..S ( y .I I - � )  r.3 _;.Jl �I � I....S a� ...:a!� 

.o.foll ,;. Maskell. 1928) 

:•Wll �I c:-;..,..:U 

:� J � c- 4.1;..\.J.J..o �� O.!c 0" :.Jfo.J � jJl � c;:-:--:: ,Wl\ .) 
Sieve Tube ...JJ¥1 o\.hi.. ""6..1 � �j.J �J .�1 �'u'il _ ,  

.Sieve Cells � .JJ�I �.J� ,.j.J Elemen1 

�I y l;)l;. .... J � '"'-'!\W ill yJl 'i;lk.lll <,.,.WI �I -Y 
•. .::.A:ll,U � Companion cells .J..i!l_.,....ll l.j::GJI �-' �� �l.i':/1 
<S""-" ....,L:... l.jh :.,.. fo �J:,JI <.,��<. _..; t..i . �J:,JI otbi.. 

� �l_,.....n �� .J.Jj W' fi� .J:!�I 0--.J Albuminous cells 

.l.;ll'-'ll ;�_...JI J;l � _..; �I ""'lNI oocl.... 
.� � o l!iill � ·t.;. � � \.Vt.:.. .l:o. � .ill� �L..o'iL -r' �.J · - � J J� .) .� . . _JJ . 

�_,il ._.'!1 Ray Cells <;.lJI l...:.�l '?-Y .;ll:,SJ Phloem Parenchyma 
.Lateral Transport \ell,. 'i;llj;ji Jl _,.II J;l J w_;;.ll <.;,.�;. _, 

�� �� �Yo r.fo Sclereids • . .S.f·� �J Ut:l\ �� � -t 
uP � .t;c;l ,JI � ""� � ti.;!.i... .lk.J · W� ""W!I 

------------------���------------------
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'-S ·-I Lu...l WL. . �i:l :u .<- . . , . • w.,;; :t.... ' ''" . 
� •. � . •. .,...-J "t-'� � - '1-""""' ....... 

..:.1; <.... l...l6.lll � ....,..,t;'/1 · ·"' W.. <..;�;n � · -' .W J - • - . .. u.,..... ... . _,......J 
..JI ,:,. _;>...! 4-JS.!_, Sieve plate � •·J;· "I �_, �.i>Jl 

-� � ..... ;,_,._,.!I Perforation Plate 

l\ l\l \ 1  ll l lll ! l l l l1l 
I 

(l liffl ll l lll l 1 � \ \r1 

• U!.. .J<.1.. (ol..ll e-1 ..W ..... J.} .ol 1,..:0 .jl.o _.1 e:... -1 :(H) rJ� JS.l. 
<Js.. <.!JI 4ollill � .... � � u-jl ,.. .... .,.. 1,..:. .ll-o ; e:... """ -.,. 

•• l..ll � ,z:u.. """4oi:.U �.t..ll cJ � ,).!, 1... UlaJ 
Dedin, 1966 :(p 

----------���-----------
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... 

�I y_) p_, Slime bodies � �-'Y. w4SJ"" �,iJ -Y 
.ul� � � �y ..:!_, �l 

.:yh1.!1 y,;U�I ._,; '-;lA.>ll "I_,.JI j.?. J '-1l -r 

.<.:':. ;;1 �'u'Y.I t} Streaming ��_p_,_;:ll .4.S_p. o�U;, � -f 

Endoplasmtc ul L..:.S (Mitocondria) ...J\ � _;i.....:a J �.!c. .W -o 

.:i,j.J:-J � Ufo �Y-:J.li':ll �� ) Reticulum 

�� c.} (.i..fii.J�Y.fi o�L.) Callose L.'"'yts.ll o�L. W\.:--_jj w_,� -'\ 

· """'· .o.IA '.1 ,.,y<...l �J �� 1.:.;�11 o.....: C..:::)'\ �\ ...::.. 1-J �� ....---· -, ....:r- 1.5' '-? -- • � • J •  • ... • L5""""' # 

-� �I • Pores L..:L::.:::.il\ . . ... 

: • Wll ,! J'.'ll u<>Jt....>. 
"I_,.Jl ;,s_,.. J.>... 'i.l_,...J '4.»'! l HY :G. Ball and Dixon �ll .lil 
�_,! r-» ' · • 0� t..ft �'-i-1 <} U:.� �.J.l Ly ill coWl! �� �  l..t:l!i..\1 

� 1..::J..\1 �� ..r.c- d.....:. J � WI.;¥> Y..Jtsll .J-4 rl _}:. o • y .;\.i,! L. lb�l t} 
\�J &->" �·,!YY  .ut, 1,.__,; .6.ll <r"y.ll �I :i,.L. I_,..\l .ill:OSJ 

o�Y.J bt.......JI o�J � o)...JI (wL.Iy..) wl.;�y,).Sll � r:;fo 

• , H Y  
Y i  X '  • • X ----

' " 

----------���----------
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• •  

Y f  X • , fYY  

Specific c::lU....Y4 �llll .,.]\ 11\ .,h •§J (Canny, !960) J1.6l _,;J 

.LJ.-)1 'ii.l::I..J .�WI 'O.l:I..J / � ii-h.J � o��� UfoJ Mass Transfer 

:<hi...Ji o:O. t"-_,l :O.SyJI �-"' '""'J ulJ � ,j �l) _,;J 

s = v x. c  . . . .  (1-A) 

.�W /'�"'I rlfo. U"u,J Specific Mass Transfer<>" S .:,1 � 

.�t.. l ("' ""'!.;:; � .rJl v 

. '�"' 1 � '"""'.... Y.S fl' c 

' • •  J�L.; .blll ..,; J�' .:,t;y,. :<&. _,.. u4 �� .,., J� 'ole .l>.!J 

..,...... l � • r  '"""" Kennded and Mittler J.,u...l _,;J 11\ �W I I"'Y ' • ­
u'=i ul � , L...lll ..,; • Jt...o.ll :o.s .J>o � ""'l;il aphid stylet u-JI ; _,.:... 
Yili..;'jl <SY."' J;..l� L...._,...,.;.J w\.;lll ./' .... _,J._?. U"� � u-J1 tl_,.;! 
W.... ; . •  , . . ; . •- 'I �1.1.....:; lJWI ,:,. . _; ,I :iil1 L.dl.. 'j <IhllJ 'lth.WI .. ...r� � ,_,-J - L.>-'=1 • • 
.L...Ill <SY."" ,:;. .;1;,. J).... ...;y, .us.JJ w\.;lll J;..l� � r_,.by..JI 
......,.. .:;. JS U"U.J ._,lllill J_,b..ll C:"'H ·:U,_;.bll ·�J rO..'iJ ..;, w�W 

u4 (Weatherley et a!, 1959) .,._J .liJ .(Y-1) r!J � '«-J'J •J!S.PJ 

.;. J.....FJ Jj\lll t-"ll ._,; ;_pt..ll 'J·•J;)I ;�WI y. (C12H,011)jJfi.JI 

,blll <SY."' :O.S_pl J.w.S '<&.t..ll; l"'y • •  J.>... 

----------------���----------------
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-e -

-

.:.4'! � ..,._,.'jl .J>I• _,., Aph;s faba .;,.ll l_,.!.> �_,J.,Ji. :(t-') �J .J<.l, 
.Antbericum lilage (St. Bernard's LUy) 

Ziegler, 1963 :{.P 

t..s '-it!.. wl>l,l ''"" ._.. .wn ._.. �_,.n Jll;ll J.>.. ""' ('-�) �J JJ�J 
1.. .,.JJ ot...lll .... lJt.....!l '<SJ"' J.>.. .,.Jj J.,..� \ n, :U.. Zimmermann c} 

.�L.. I""'"' V • YJ� 

--------------���---------------

o b e i k a n d l . c o m



. ( 1-�)  ;JJ JJ� 
.(Devlin, 1966) � � .. ::.t .. 1.;lll r)� •Wli ....; �j;Jj •l_,.ll Jll .:."iJo.o 

Reference.J� 

Biddulph and Cory, 1957 

Red Kidney Bean 

Kursanov et at, 1953 

, . .  
Sugar Beet 

Swanson and Elshishiny, 1958 , . 
Concord grape 

Weatherley et al, 1959 , . . 

Hatch and Glazion, 1964 Yv . Sugar cane .fi...Jl � 

Webb and Gorham, 1964 

Straight necked squash 

Pristupa and Kursanov, 1957 , · - f .  Pumpkin 

Vernon and Aronoff, 1957 Soybean 

----------------���-----------------
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,.Jc """"" :<;lWD i).-all '-Syo. o4"1 ,) -':1 �J4JI •t..o4 '£�_, .;1�J'1I 
� uiS. .!lli!:J (Source) � � t.. Jl :<;ll;aJI Ji _,.ll � uiS. 
'I" Sources � .fool � 1::"') .;tl.l ,.Jc J (Sink) <;ll;aJI '' _,.ll 
Ji_,.ll :UjWI �J� .!lli!:J _,l� ..,S _;J1 � :wli\1 .,...,WI .;1�J't1 
u\_,;'11 � .) �_,;,!� ,l.lJJ-o .!lllSJ ul.;til �J' .) U.u.,D .:.\JyJ ";lll&ll 
�J4JIJ :O,...WI .,,;n .;1�J't1J :0,...\Jll r"lyll J,..:;;; (Sinks) �'11 .:,St..! t..l 

._,.ill .) ;�_,.bl.ll �J¥iJ �\ .• \'1\J ";lll&ll 'I _,.!I uY..., W\iiJ :O,...WI 

�\Jo "" ,.  .wn .) <;lll&ll ·�L..Jl '-5_,. ot,..l\ ""' '-""' ·�.....,J 
·L.t-l'J" li.J" � � Sinks �'11 �\Jo .). Sources � 

� ..ill.l!J �:11 Ufo .!! �Wl � O.;L:-.11 �.? LJ� �J Ji.J \� 
_pol �>bl!t � �.J\.;JI 0) .. -.s..!l L) �.J L...S. basipetal Ji...)J Jl acropeta1 
.:;1�_,'11 '"';,.:; �'1' _,., .wn .) <;)e-ll ·�t..-.1' w, �J4ll .;li> Ji-.'11 

. 1 ··'1 � r" .>e J -

(Vi tis � �J.J tY=u..A ' 'l '\ l :u... Hale and Weaver rl.i I...:.S. 
t.:..li uJutsll .) .;:ill C140, u.>utsll .:;..5 Jl ._,1\l .). i,.. :O,...WI vinifera) 

.:.�_,... (' UoJ :U'-'_,JI ,;,. ,.Jc <jJWl �I thi ul<>\.. >.:... '"'J (C14) . -
! �� ..;, ,; _,l � -4 _;,ll � JW..li � UJU\Sll ul _,. _,; l,<>t..:. 
�_,6 .) lt:>'1 :<;li;,.,. "_,.. .;I 4-1- :u "_,!' �""""' r1 J 4---i' :u �_,JI '-'' y.l .) 
U:._;il _,..JI .) Ld. _;si Jl�} Jl..u-1 'J� .) -u\ JJ'- ,u.JIJ _,..;\1 

i_#-\1 Jl �J'11 ·4"4 ,.Jc::ll _,.... t t..:.'11 ot,..l\ "' ,.._,. c"o, _, :U.\....11 
(Bidirectional � UJ>4"1 .) ";lWI i�t..-.\1 '-5_,.., ...-; L. "Y I:,JJ 

.ill; .:.._.,'1 Y�� u;.,.L,ll <Jo "' rll .>lJ (�-�) r'" Js..:. Movement) 

u_.I..L,ll .'1:,. �J (Biddulph; Baker, 1969 et al, 1958) i'<"".> ;,.:..;ill 

� O.l..olt...J W\4\.� .. l"il O.llW r.sA 1>hlll � '0.)�\ Jii 4.Sp o�l U� 

----------------���-----------------
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• � � ui.;!Wll i.><.t-o. � ._,.,l;'l/1 � � y,...; i.>;&� Ulil..J 
"' ·� . ·'' uu. • '""" ... u.., Jill! ··'-" 1'-' <iii . . 1 � J . � .r- ..., [ !J ,up. • .r.-:" ..... � ..)"" • 

.:,;....S�'ll' u ;)_pll ..._J' tti1J-l •...¥ .wn � Jill! <.sp "' tA 
.>;lt,.Ji .S.. (Metabolic inhibitors) � JL.W � .>1_,..11 >p.�� 

.IA.J#.� (CN} 

.;;o. .>I _,..II Jll �� ..,. .wn � Jill! <.s_,.J .s.;>.'lll ...,...'l...!.ll .,.� 

. Jill! � '4!lt.. :;s J>o , P. � "I u&l4 tfo..\1 � � � r "*"\Sll 

.:ct.,.. y!l .!> J""' ...,.., <F _,1 ,..;JI -.!..<. uc �I y J!l'lll Ul _;;, .>1 J 

(I, 3 glucoside linkages, Callose) .,.._,liSII� (Slimes) it.....JI .>I _,..II J,l .;,.  
l..j;J$J .l!. �J Polysaccarides __n ()A W� �.J Tylosoides J.J 

.� yJ!l'l/1 � ..,!! 'J·J:bll )y:..'l/1� o)_pll� '4Ji;.o;SJI .>I_,.JI <>'-! 

rl...bll fo. } y...ill fo. _,. lA fol ,:,1 ,. _,; lJ foJI .>1 ,.JI :0.,.. _.; t..l 

'i;WJ jJfi.JI � � :t,_,;o..ll �l.illl <>.»- ufo. .>IJ (C,,H,On) 

------------------���------------------
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Chloroplast 

Phosphohexoisomcrase 

Fructose - 6 - Phosphate - Clucose - 6 - Phosphate 

Product of 

Photosynthesis 

Phospoglucomutase 

Glucose - 6 - Phosphate - Glucose - I - Phosphate 

UDP - glucose 

Glucose - I - Phosphate + UTP - UDP - glucose + P - P 

Pyrophosphorylase Pyrophosphate 

Sucrose synthetase 

UDP- glucose + Fructose -6 -Phosphate- Sucrose Phosphate+ UDP 

_____ ) r 
Cytoplasm 

Sucrose Phosphate + Carrier _.... Sucrose - Carrier+ H3P04 

_____ __) r 
Sieve Tube 

Suorose - Carrier ----. Sucrose + Canier 

----------------���----------------
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;_;, Y !  J; Stachyose)J (uJiJ\S ijl I A _;, Raffinose) i.>lo .!Ill ,., .;L..J 
.:.ll_,._Jt! u'--1 ul L.S (uJiJIS ;_;, r .  _;, Verbascose) �J (uJiJts 

.,; (virus) uo.>.!WIJ (dyes) uta.,....ll u'--IJ (Herbicides) yl.:..�l .:.I,_J 

'.;)eJIJ <,.;Ill! �_,.!I u'--1 <)m (T-,) riJ JJ.>eJI.J ,Wl! IS.»-" .} ,_;. 
• .:.t4; ;,.,. .} .WD ;,...l. .} 

� ..,...-n ...,s_,:.n l.;l..o ..,.; J.o_,._n l.;Jij;Jj •l,.ll ;.,""" ·� •(r-•) ,.1; J<.:. 

� i.J-! ts..P �� Ul � Vltis vinifera � � .Jjl:l:i_, .,.W ,.L:i �.>­
·•lj;Jj ,�.,, .,..m "'� """'" ....., 

Hale and Weaver, 1962 :us:-
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.p.; vi .� ....._. vi l.;;4Jl� .,..:.n •l;oll .p.; !•-•) �� u..� 

OJW 
Fructose 

Fructose 

Fructose 

Fructose 

Fructose 

Fructose 

Fructose 

Fructose 

galactose 

galactose 

galactose 

galactose 

Raffinose 

galactose 

galactose 

galactose 

Man nose 

Raffinose 

Raffinose 

Stachyose 

Verbascose 

' 

.Currier, 1969 :r:p �� 

� 
4.J.-ll J_,; 

\.6\J., 
.;.ft-. .?.-'! 

y_,;... 
LJ \! . _,...., 

:Ut.J 
� 

L,_,...,ll J_,; 
Lbt.l,u 

.;.ft-. .?.-'! 
Y.Y....:. 

LJ \! . _,...., 

-..;t.J 
.ut.J 

y_,;... 
LJ L; . _,...., 

t_;; 
.)...c. O 

Pumpkin squash 

� 0  
.)..c. 0 

----------------��r----------------
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i.>W 
Sugar Phosphate 
(glucose - 6 -

phosphate 
Mannitol 
Mannitol 
Sorbitol 

Malic acid 
Citric acid 
Oxalic acid 

Alanine 
Asparagine 

aspartiC acid 

l.;4J 
�jll 
�jll 

\_i; ( 
JIZY. 
\.bW. 

L,_,...l J_,l 
L,_,...l J_,l 
4_,-.JI J_,l 

:•Wl\ <) ...,I;;J\ i).-.11 JU:i.1 'J'J'i;.o 

Mass flow or Pressure Flow Hypothesis Aya.) -1 
o� � J!_, ' '\ '" ·  � Munch � ..;.... o>" J.J� �.)II o� La....:.:a_, 
''4j e;t, .>ofo if'J (Zimmermann, 1963) �J (Crafts, 1961) �,;ill 

,1 · -'1 • ;, ··'I w'-'l\...ill � <., • .• n ;,; .n � _; · \.I;,� I .6>..41 :r- C"""J ,,r.- ' " ,_,-• )Y' ' <F <F' 
.6>..41 1'- Ji, � Source J,_,; _,:..:; .;JIJ ,WI '-""l..o:i..IJ 4.;; �_,s....ll 
.:.WI ,w\ '-;i; '-" ,,_,.._,.liJ (Sink) «11; .... 11 c<_?.�l ��I .j; i_;,s 
__,$1..\ .)) (Sources) J!�l __,$1..1 .:,. .WIJ '-i>l:a.\1 '1_,.!1 -"'"" .illJl '>f''J 

t;::t.;JI :C,_,.JI '-i>Wll '.S _,.ll ,:,. "'�..,; J �I �u'il .) Sinks ��I 
c:A.,Sy.ll J'=J JJ_,s....ll '.lfo.ll '1_,.!1 J..:;;J .� Yi!\b.J '.illy.ll 
,.._;!J (Crafts and Cnsp, 1971)�-"""" j;C- w4S.>-J �I <;·'J>Jfoll 

(Y �i) .hi! c.L..!l .i!.n:..., �I.:J:. �� � 4:u'-:!_B! �__p..j r,5_?.j W�l oit. 

\.1,;, •. 1 �J _,bi.ll •W4 e;I_,.;.;J (osmometer) y;._,..jl �L. } . . 
( ' - ' ) .)S..:JI .} LoS :,W.. I j� u _,5.;! <,_.ut, 

--------------���---------------
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W, (% A · ) ......., <;.fi.. Jfo... ..J=. .;Y... ( 1 )  .� .:,1 u'<o.ft 1;\i 
'i) .;bW oWl � ell� (% Y •') .;fi-ll J_,b..Jl ufi.l ( y ) .� .} 
_;.s1 ( 1 ) .� ..; ufo... ._.;.ti;t;l J,.;,..,J� "' JF U;>'Uill :::tS Jo.�> .)] 
� ( 1 ) Jfo... .;,. r-l r;:.>ft .)] .;•Y. t.... ( y ) .� � t.... fo. 
· 'L:.i.ll '"• .< ' ' ·'· · I •.< • t...w • "';'JI • ( � ) · 

t..E-1 � .}-"'"""" lF � � Y c.5J � � U"o&.U ..JAl'o'LI...J • .P-J 
1 -'- . . (,.u..J! • 'I ·'' • :;_, '\II _; J .L .U • [.,  .._;:; • � 's:" .J=-'1 � � ,. LI.J .r'' ('"YJ . .J¥ .r � U V'-" .J-Y J 

...... l=..li ,WI '" ' •L . n '•'• . ·� . � J �· .J�· U"'"' (.);!-1 

Muncb,JWJ (Pressure Flow) <,s)\s.., �fl � �J :(!-�) �J JW 
.Munch, 1930 :� 

.(Crafts, 1931) ,_,..JI W: Exudation e;:....o1!1 ) ciWI tbl � ujlll - 1  

LJI.S.... t} \#c. Ufo l§�\ Turgor Pressure ��'jl bi.....::JI .)...F.'"J - '1'  
�lll u!S. .} l\biJJ (source) cii�J�I ) Y.�IJ r;_lol'l'l 

.(Sink) �J�\S 

<s y. J,.. l.i _,... J,. '; , b.lll ._; · l.:.JI,JI J '-!lllll ., _,.1 <s y. '-" _,... -r 
<,<JJ"j'l'l .bi.>.D ci.ft u'<o� J Y"l ,t...Jll .} '-!lJ;JI �_,.II 

--------------���---------------
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J sink � Cll! (Turgor Pressure) ...-'-l.i;.,"'jiJ (Osmotic Pressure) 

d..,.. :U...).., = loS (<,<Po J.w. I o -) .} J"'' � <,<;,n Source 

<,<j.,..j"::I .J.i..;JI j .;_p.l oJ.i..IJ (Weatherly et a!, 1959) u.ll ·� 
J U... fil I� J ; yo _;.:c. � j>,..\1 • W .j L.. fol 10 J_,JJ .Wll ..,i 

cal1soe '-"' _,llSll '"t., l.l).... JP Sieve plate � � ..:.� 
.(o-,) r'yoll JS.!!1 .,; loS IAJP Jl slime bodies r41J 

.j Jll _,.JI u\.u;J (poiseuille equation) :WI... ,)) f::p,)l .:fi.; .illil 
:.)! loS :Wt...l\J '-"J'.iJ � '-;<>} 

(Weatherley and Johnson, 1968) 
S � V x J0- 6 

" p  � .:....J.-'-....:..:.-
,2  

. . • . .  (T-A) 

· e- 1.;1" k...;,., iJ,;. J.;..;.J� .j '-"""'"1 >" a  p 0i � 
.Poise '"""-" J_,h.JI 4J) cs> Tl 

.,_,\:; lr-" J_,h.JI '-.!:.)"" :6_,.. � v 
.y..w..l4 l.Ai. J_,h.JI .._,; <,<.»< <,<ill y_,.;"::l _,bl ...o....; y. R 

.... \:; ...., _,. 10-6 
.} JJ '-" "" "'"" J.w. ' •  >" <" P) .l.i..JI .;_;; u4 '-"' ftl ll\i 
., » J.w. , ,.k J...=.> .illil _;,.. , o � L.tJ;; '.Ot....JI 01; ,.WI I'::" ):.,. J 

4J) u4 u'>fo t..S �""' I<,<» k..;,. • • • ' J't..., t.. Jl ·�� "" _;,.. JSJ 
:- ,  • x I T  yo (r) y_,.;"::l _,bl ...o....;J poise •-, • x I ,o � (T])J_,h.JI 
.:6t.... 1 _;,. t . n ) '4>!:; 1 I""' · ,  \ Y J'W '-.!: � :6 .r- Jl (v) ul ,_; .illil 
_,..:. ,6..1!1 .j '.,Uiill ,1_,..11 ul yo Mass flow '.;_,J;.;l ...,._ _,..11 ,t;;;'jl t..l 

.(Peel et a!, 1969) '""J loS Ji..)u _,;..'JIJ ,.k)ti :>o.IJ U!Al,.:.4 

:.f.!.l.... J\.. '...l..ll "' _,..11 ' .... J ,.k ....... _, • Wll .,; Jiill ul ,.. J loS 
:0.,.._,1_.....; '.;Y-"' wt.,l..o ,.k � JUII '..;k ul � ll.J (KCN)e.>i"'�-"11 

------------��r-----------

o b e i k a n d l . c o m



c)c. �-' �w Jl_,.J\ .:�_,:;o._, � �� w\.;1-!1 � U!_;u_, :.; .. J\; ii.;� 
source �J �:::1:.;�\ i)S.. .:,. ...... llll�l_, <jj_,.j�l l.i.>.ll � ..;_;; ,_,.._, 

.sink ��\ u!SJ 

Protoplasmic streaming "'�ji.J.Jill �"'il :i;·oJ -T 

r SJ.ih.JI yt,...;\ J, �1;11 ,:,. • .)#. J l Mo rl&. Devries u'-ftl 
</JJ> u4J-' �-' 15ft� � :i.;l;. ,:,.  � �lll >l_,..ll ......,_, ,wn y::i.;. 

n 'Lkl. :tul&. t, �·•• . .:!..\, ·�- n Ji;:. i) · '·" _,; ('-�) ..; JS,.:. fS": � � -' .Yo" Q4 �...J"l"'' I.J""' ..r' J '.) .l..ll Jolll J::L;. ;,�.&. p, <illl Diffusion Jt.::.."'lll :u...J-" o5Y.,YI t;lWI 
Jt.::.."'lll ffl '-;lllJI y;,UYI � ;,_,.._,..n cytoplasmic strands ...,:;;.,_,:.,w 

• :l\S I :t,l\lll � �" n�·1 :0.. ·'"·" ' "' \.». ; ,,_; wtiL...l !... c.r • .J"'W' Ul.ll.l.l � (..)o'l JlLI J . _p- :!>" 
� 1..1 \.».!_, ,�.&._, �J .::.i_,JI u..il .) Bidirectional �W.W """t.,..'j\ 
w..:. .wn .; '-'':.�' �_,..n J\.L>ll _;,.:. _,. :O.,foill ,;,. � .>=.t..., <illl 

.(Thaine, 1962) .r:iJ.!.i'J.j!D yY..,..'11 Jii:l ..,:.II ...;_,_,J;JI 
··'" · u  �1....;\ >.s · I .• :o.. ·"-·.n ; .. • ..... ��" t .. h ,;,n L.i r-Y"-"' . • y. u � • .r-· ..,.. . _,... "' ., 

ul r_,l..l\ ,:,., ,,._ JW r:>J.!_,:.,t.. ....1J �:::� ,wn .; '-'llll >l_,..ll_, 
t,._UJj • ;I �'·" . " . Jl.i . . � :LhJ.Jl �thl -� . " I.. p U.0 :J- U.0 UI.:II.J ._EC .Jtl"'-:1 • � • �· f'�YJ 
yY..,..�I 1;,. Jl,. wl;ll .) <!>_,..,n_, wWyll c::>-" ,J L.S � 
,;,. _; · "11 u..:..n <l.il L.l .:o..,.,.un 'Lhl.ll '-= "'I _; •" · • u or r..S _p. . � p J <r .r ...J--"7->Y 
.; y _,......!1 Jt;:.l�l J!.;l <r SJ.,.;, ,,;!D yt,.-;'11 J.>... '-;liS r.>=. ..,. :O.,foill 

,._,!1 1:,._, '-"I.. I!'"' \0  o).li.. L., yt,..l'11 J.>.,. .,...,..1 .>il '-;h.WI "'""lNI ' 
.Mass flow '-;_);,; .) :0..,_,......!1 '-"1.. II'"' \ • • J.>....ll � 1,.. J;J; 

.· .. o\.,'j\ :liS . _; wWilll Jt;:.ll w�l u Wl\ .. L, .. � .\ j · I u;:- . .... - . . • .) • v- ("' .):!-3- J 
(Weatherly and Jb ill ,,,J_, ,�.&._, �J .::.i_,JI u..il .;_, <JJot..:.:Wl 
.) U!Jw.:..ll """t.,..'j\ :liS .) fi...J1S wt,lllll Jt;:.ll .;,t, Johnson, 1968) 
J\_,..!1 Ji; '-SyJ '-'� >1 "'"\\ J.,y ..,RWI ol&._,l\ u..il .)J .::.i_,Jl u..il 

.<J ,, " ,, � �•I >.s ,.b �_; '-"-" I �· ·  . . . . "I 1·W '-.Uilll _,........... , _,...... _p. . \I'- . . J � (jJ"" U..J . ----------------���----------------
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J,..:.ll .;_,¥ Jill\ ._..;). '>'  fi-Jl j_,h.. j;Siy t... C1, C1u'oJii 1;\! 

W = R T !n s_  c, 

_;. 

· - . � 

. _ .. ' • '  . · . . , •  . . .. . , 
. . •'._-

-. ·•. . .· 

'</' <,JyjJil\ ot,4ll l.hl.... y..... J3:,..Ji 

.. , .(>-A) 

·. 

� l )  ..... � J  �� '""'"""w:.J .!..JW\ JI.,...J\ t1J-Ii Ul+.J � ?'-'"") :(o-'\) �J JS..!. 
=� c ... � 

!'�fo.� iJJ.l.....G � � � -I 
-�� � � �� -y 

� �\J �� '-:I.Jt·i'il ..::d..a Plasmatic Filamemts �JJ..!.iJJY. .b� -� 

·<# "'"" 
�I � �.;LaJ � -.,..J:-')'1 � (Strands) ,..:;:.. Ji..!..! ��.JlJ� l::.� -J 

.(Membranes) �� �U... ���J� .1:.� -_....:. 
Thaine, 1964 :we-

---------------4��---------------
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TransceUular strandal 

Sieve Pare 

Endoplasmic veticylum 

Fluid -Filled lumen 

Transellutar strand Filling pare space 

Parietal cytoplasme 

.... � 'J...J_, �'I ,w.. "'-"" .:,. l.;il.l\ JJ_,..!I �_, :('-') r'J � 
.(Streaming) ��.A!L....ll 

Thaine, 1964 : r:F 
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J _,. _ _  , . < _11 calories J _·, .. 11 ,, ., W . 1 • • .r--'" _JJ � � � -"' u � 
mole 

.calorie/ degree/ mole 1.87 4.>.fo c;J\..;) W,� jl.ill J..t... -"' R J 

.<)illS '4-.>' ) (YVr + <;_,WI '4-.;.l!l) <iiJ...II �)yJI '4-.>' <£' TJ 

.2.303 log ) � f>i.;l<.} _,.. LnJ 
c '"""-" J;lll Jlr.- .).;b ..,; (j,.fo.JI) lJ_,iWI •�w .ifol.fo t... f, 

' 

j�"; :<...plll l.l\bll u.:IJjl WS jfo_,:;JI ,;.,; ��jl WS .o..;t ,;a;  !;.J m

l
'
ole 

tter 

WS .b)\; streaming lJl. .) W, Jill! l.S_,.. � _,.. O>\!j ..J) c;�Y.J J;ll\ 
�J Jill\ l.S_,.. � ws .,.,, ,tcJ .) 0;>4-o"'i\ <);! jfo_,:;J\ ,;.;l �bjl 

• � _,.!\ Jill :<... j)tll ... l.bll 

Activated Diffusion :,)\>..ill .;t..:.:>.'il ._,fi -r 
, ) .... ...t\ ..,; ._,...�,; ...; _,... � Ye!t:f-;1 ..,;. J;..u a.. JS ,:,1 t..., 
<.ili.1..ll """ �� •1 �� -•1 J · � lJoil , • r·-'  � �u\11 _. ,  .'-'.>11 � � J (S', _yw -""" � ""t-' J � . �· "F ..>" 
� � J r} Y, elill �� �};I .) ._,.\:,o] �I _,.!1 Ji;l '-'>..oll J..WI <£' 
Mason and Phillis Y.J� w�l .>iJ ,hlll .s� .) 'i.,_,.:,..ll .)#- .:,1..;_,';1 
.>iJ ,t...ll\ ......,1 .) Jlill .;foliJ �JJ•'J;;.UJ ufi.l wUJJ1 ,:,\; \ �fV l.l... 
rli L.S w\;lll .) ._,.,;�, �� _,.!1 � t-1.;� '.....l...ll .;..o\..;.o.ll u�l J..... 
.:,1..;_,';1 ,:,\; l_,.,:;r...IJ t_,..;._,..JI 1:,. J_,. Y.J� ,,._, Biddulph et al, 1958 
,; wUJJ';I ,:,.. ,-lJ �I <>� .) .!lli :..., .;J_,..;:;J .JJ:,.JI ,:,.. ";J1 ._,..l.U 
r"<- .;-.; ,:,.J ,t...lll .) Jlill \ol.o J,J;, ,t...lll .;..;b we 4--<J-" ��..; 
(Bukovac and Witter, 1957) <->'.J� L.S �\ Y!li..;';i J� ,:,.. �U.,...i 
l;l-\i\1 w\;OJ '-lw...ll ._,., :illl .;..oG.ll '.....l...ll ylblll � J l.S _,.. ., � 

.(r- �) ,.OyJJ JJ.>eJ1 .) wl...l.;.>\1 <,,;; w;\SJ 
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:<;p l,il.,..,Lill .w c) � .,...u.J1 """"' ;.s_,.. (r-1) .->J .JJ� 
Bukovac and Witter, 1957 

immoble '-s� Ji;. intermediate '-s;>JI � mobile '-1� 

r� � r....,..u_,n 

,_,..nsn j;lAloll r-""IJJl 
r.>f"Jy..ll .ilijll r-"'_,...Jl 

r�.;\.:Jl Wll U" r--..n 
WJ�.r.il r�_,..J �_,;..;JI 

�foll 

i"-';::!m �\.£ J,i..i �ts....\ f'� (Mcilrath 1955) y_;l.;..:i u�l .l§J 
.... 'i.S_p.ll :U...y.o 4L wftl ,;.; "1;;' y.ou..Jl 1..\ .klll .... WJJ_,JIJ 

(Eddings and Brow, 1967) �L,ll <jJ;I .)c ''1'' 'o-'Jt;.:; .:,1 J!P .Wll 
.Wll '-" :i..lir..ll "-;lllill y.ou..ll .>'" c)  ·'-'Jtll. "-'4-J-'! 'Jill. t..;L, .:._,..1;1 

(Biddulph et al, Ul! ,;; sink ,,u,; .. ,.!i .)] Source y.-!1 .;,.. WWI � 
�_,.JI J\i:iol .;,> .!>.l "'"'"" t,�_,...,Wl wt.,l .... J_,;..;JI �\ <S.Y>A .:,l, 1958) 
Ji:'l!J JJ:,..JI J,,;b .:,. ':IJ\ h)! �_,;..;JI .:,1 .t:tu..t., .Wll .... '-;.fi-JI 
�I �I _;j;AJ ) _;_,1;..ll �jjJ .:�l...:! .l9 �� UA _, �,:J\ �_;b rJr:. 01.;� 

. .)c';i .... 
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