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~ Gfrn TT ffiTI PIT!ffT-~ ~ ~ Ri" lWr\lTQT t m~ « 
cft" iTlIT fu!ffT ~ ~ iji:i7inu1 fcrJ;m ~ infucp ~ ~ trf'+!cITTr it .. 
fflUcfi ~ ~ ~ I ~ cfiTT1lT ~<f ~,t lrG l\1'1 ~ ~ ~ct ~ 
'J::f ~ ffiJIT P.«ITiR, ~i'fN m ~ ~ ;yjm ~ mr,:;:f 
;rnrm ;?i- lffiimtrr t me<Jlf u mn-~ <fi"T ~fi;e u fum~ p.:wrcr .. .. 
cfi"T I f4ct~dl-srrfcij- t ciR m ~ it mff-~ ~~<IT filJT-
fuirr ~ ~ if<IT, ~ ~ « ~ ~ 'f>1 itij,'fl~-1 Ri"<IT I 

~ m it ffl ~ <ffiTT ~-P.l~ ~-i;f•~ cfi"T ~ I ~ 
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'TI" mcf if~ dtfdT U iflf wj,flrtll-1·i d1R ~ cfi"T ffil1l1'i ~ ~ 

t f.f;- lift ~ trcfi" FT u ir~ if fefilrr irm m irnptrtiT t me<Jlf ~ 
mfT !JA" ~ ~ t ~ '1fFf ~ :tlTllTcfiT ~ I muf ~ t 
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mcf ~ fcrf~ m'ffill it ~~ ~ mrf 'ITT it,'C{T t im:qq ff SI IE414cfi'i 

t7;<t fq«Jlf<!llll 'ITT ~ ~ ~ ~ I ~ lITTrifT t ~ ~ t ~ 
¥t~lfq«Jl{1l! d'~ fctiti:lfctiill\'lll ~ ~ I iru fcfli"<fHT ~ ft;- 'fl"'TI" PIT!ffT­

'!ffiffi ~ fuemrifr ~ lIBi[rlT Cfi1 sitffi, r~a rn 1 srrnrrm ~ iru 
~fl ~ f.f;- aj ~ 'ITT fflT d"cfi ~-·if·~- im;:r ~ f;;rmr 

ftAr 9,li"( ~ t fctlli:if<1«Ji{1lTT it ij",ft fcrQ1TT t fueTUT cfi"T lfW.flT 
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~ it-;fi 
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cffi%i-<ITT~ ( CELLS ) ~ ~ ( TISSUES ) t 
siffi~ 'FT ~~ ~ - fcrnFr t ~ ~ tii ldif>'ift < 
fcRnf~ t ~ >A I cl !14'fi ~ I ~ ~ "!1Rl1: - f-tiirr - fcrnr,:r 

(PHYSIOLOGY) qcrqf{ffl!lfa-f<ffiR (ECOLOGY) Cfl1 'l~'cl,oi 

oflT t I siffi fflITTim: ~ 'FT 'Egcfi t ,;ra-: ~ '!irfu::-~-fcrnr,r 

'FT~ qe:r ~111f<1tc. ~ ::;im-r ~ I if>lflllcfii'At ii'~~ <ITT 19cff 

~ t ~ t ~ ~ ~ ~ fu<TT ::;itaT ~ I 4#11 f-1if>t ~ 
~~ooi ~~cfil"~~ 'i:fi'flcfil"m~ 
~ w ii"~~~ ~ ~ m.: if>lfocfi1m t ~~ t 
~ ~ 'l~cc!'J..Oj ~ ~ ~ ml ~ I W R!/lT ~ ffl ~ 
4 :fl I f-1 cf> l cfi1" m· ~,. f<l f'l (Ui) ll ~ I 

~. mfcm Efi1" ~ ~ it w fcttrzf q.:: ~ ~ ~ mn­
fcfim imr ~ 1 fclq.r<ITT~ rnt ~ ~ ~ ~ <ITTffl<f 
mrrt it~ fcfi<TTt:-

~-<Rf4'fu--cf> 1 flll cfi 1 >A 'j olR 
~ii"~-~ 

~J w WfiT{ ~ if ml! t ~m'f srr:r: ~ qm 'FT fcrm 
>AT TflIT t I WT~ ~ ~ % ~ w:fllf % cfiTTUl' ~ ~' 

~if~?~ 'S@Tff ~ ~ ttcfi clTT !llc&lc!(11 ~ qftfqa­

~ ;;rm t ~ W ~ q.:: ~ t ~ srr:a- cfil" m ~I 

!ffITT" ~ m f<mR 3,l"qqf ~r. ~m cfi1" wr-fT ~ !l1c&1c1<:1r 

~mr ~ am: ~ mm cfi1" ~ !!I .. c:1c1Jt mmrlf ~ m-qr ~ 
cfif6'1a < ~ ~ 1 m '+lT m mqr m.: '!ITITT"-milT it wm: ~ 
~ 1 ffi"{ ~1 w ~ cfir cfi"lf rn i ~ qin:~ ~ ~ 



t m-T ~if~ 41.lfllql'<IT !flcG ~ Rif ~ ~ I ~ 'i9l"f ~filT 
1J1l'TT3ff t ~ ij" 4ftf:.rcr ~ I ~ t wcr if ~";;ft--~ =JJR 

~~T 4~'+llf<'Ffi 111c,!N«l ~ ~T '1{ ~ ~ 4Wll Cfi1" cfgcf 

~~I 

mm ~ ~ o mwrr 'Pl w ~ 'fi1" cA"f4fu-fcrnR-,if1@" if 
~ S(icdtjl~ srp:ij" ~ I 
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+lbliSlaQI ~ ~~ olcfiiG.'-fl 
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lg{~ 1-smtlcMI ~ ~m 1-10 
( Introduction and History) 
~ cf>lf~lifil~fi <ITT" fiHf~lli 

(The membranes of plant cells) 
~ f iH F('~ lj ( <ITT" q I {< I Rtai 

( Permeability of the cell membranes) 

lg{~ 2-3ffi:ffl'{1Jf (Imbibition) 11-19 
qfuwn" (ffollrorr 

(Definition and explanation) 
~: ~)qur <ITT" ~ 

(Dynamics of imbibition) 

~: !ffi'Q'1JT it mllcfrr q fot d r1 

(Volume changes in il}lhibition) 

~= 1l111fUT if;-~ ~ 
(Energy relations of imbibition) 

~: ffiUT TT Hie (Oft 'Sl''+TT<f 

(Osmotic effect on imbibition) 

~=mm~ 
( Imbibition Pressure) 

'Ref: !ffi'Q'1JT ~ qf,c+11%::+1ifi ~fi;act,101 
~ 

(Quantitative aspects of imbibition) 
'Ref: Wf'iUT ~ cfillfltr,'f 

(Measurement of imbibition) 

~ J_q<1t1<01 (Osmosis) 
~(ff~ ~ 
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( Definition and explanation) 

q <t':-1 <uf\ m lfrFf <ITT" fcm:n:rt 
( Methods of measuring osmotic concentr­
ation) 
~~~fc{fu 

(Vapour pressure lowering method) 

f ~;i i cfi 4 I cfl fcrfi-r 
( Cryscopic method) 

'111 q i;.64 '.8'i:\ •ti fcrfa-
( Plasmolytic method) 

"11cti;.64~;<tc:4cfi fc{fu 

( Plasmometric method) 

'R'tlfflf 4-~ cf>lf.ll<lilatl ct\ 4(ftt(Oft ~ 37-57 
(Osmotic quantities of plant cells) 

qf{ll141 ~ ~ 

(Definition and explanation) 

mfuGR 
( Turgor pressure) 

fmGR 
(Wall pressure) 

fqmur~ 

( Diffusion pressure) 

fqmur GR~ 
" 

( Diffusion pressure dificit) 
fcr ~ ~ cfiT lfrA" 

" (Measurement of DPD) 
if@"ifi Fcr,;m: 

( Dynamic considerations) 



~lf 5-fflir~ ( Plasmolysis) 58-63 
cifuntTTr:tci~ 
( Definition and explanation) 
GflqS:61.1:g'i:i-l '-11,t,fctqj 

( Plasmolysis forms) 

'-14 ,a I ¥1 I rq ;.fi c4 r:. 61.1 '.!J'i:1-i 

( Abnormal plasmolysis) 

~ 6-~ ffilm~ am: 3mifff if~ ~ 64-73 
(Water balance in plant cells and tissues) 

qfunlfT r:tci olf11§lrT 

(Definition and explanation) 

if,jfijjqij',jj ~ 3im if iil\i..,,. ~ 
(State of water in cells and tissues) 
..,'jfo..,1~1 ~ iil\i arorr ~ t ~ 
(Water holding forces in cells) 

..,1fill..,1q am CfiT -,\<i\41"'-1 

(Hydration of cellular constituents) 
~ ~ ..,,. srmfcrcr rn qffi cfi1Tcfi 

( Factors affecting water balance) 

~ 7-'iffl 1'iT ~ (Movement of water) 74-81 
~ CfiT 4(fij {Ufl ~ 

( Osmotic movement of water) 

~ CfiT >,lq {jij {Un ~ 

(Non osmotic movement of water) 

mr: irirft.nr ~ 
(Imbibitional movement) 
,aqjq'ql(j ,a'il"<ilii 

(Metabolic movement) 
fcmo 4(jij {Ufl ~ 

( Electre-osmotic movement) 
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Jl~let;il ~ ~lij~IQ 
( Introduction and History ) 

"~fo<tit3TT (Cells) arR ~ (Tissues) i ~ ~ 
<;f;T ~ irrm f*1-11fct;jjtf.1ai'i (Physiologists) am: qf<ff4fa­

fcrmf.tan (Ecologists) 'PT ~€1 ~ t t '{fifi atf~ ~ 
~ iro:r 'Efccti (Constituent) ~@ ~ ~. ara: lfl'{f <f*ufct:il M 

(Physiology) lflT 'SI~ q-e; ~ ~P-itfoa ~ \ifffiT ~ 1 ~ ift 
'6ll"A" ~ ~ et1cf t fif; atf~ ~ ~ * 11"~ un,:r,:r 
( Physical Chemistry of dilute solutions) i mR (early) 
~ (principles) "1lqfct#11f-1at1 ITT"<T ™ 3lcffi"( it ~ ;rir 

~ tf( ~ amrrfuf ~ -rif ~ I 

~ cf<f," ifilf~l<fii3tl * ~~ 'PT Sf!f,i t, '3?1t<Etci''i ~ 

~ "J:T?l ~ ~ lflT ffl ~ fcriM ~ ~ WcfT I ~ ~ 
(Stephen Hale-1738) ;\" ~an am::~ i, ~~ 
~ ~cten ~ I.ft& t tjfuric (integrated) ~ ~ @ atfacii 
:q-qT Cfi'r ~'r 1 ~ cl tG<f1ct1Ji-1 (transpiration) t lflT"(Uf ~ 
~ lfl'),ro<f ( root pressure) am: ~ (suction) ~ 
~ (Phenomenon) ~ ~ fct;m 1 ~ 3lmcIT ~R ~ 
,wfi, ~ITTU~;;i-n:~t<fi1 ..;if;i,11-M (transport) ~ ~. 
<FT ~ f~ t fuQ; ~;:r-ufu (ringing technique) <fi1" 

~fcp:irl 

~-~ u .r,;r f~ (membranes) ~ ~ 4<ttt<.01 

(osmosis) * m~ ~l ~ ( 1478) 1Wt ;;rm ~ 1 ~ 
~ u~U it umr ~ ~ 61!~ (Dutrochet l 857-1872 1 

<fiT fu<TT mm~ 1 ~;\" 'fiTT!!fITT<ITT quti<0tl-it·rr ( o-.:mometer) '1f.T 

mfulWTT ~ 1 ~ ;:;i~ (protoplasm l fmfi"fil (vacuolar) 
m (sap) ~ mw fcrwR ( external solution) ~ 1~ 
~ [Cl:, •f.,fi;~ fcrm tITTlf~ ~ ( ?assive differentially 
permeable membrane)~ mfa cfiTZf ~ ~ 1 



2 ~ cfil fincfi 1arr ~ 3icfCITT t ~ ~ 

~ ~ t ~ (movement) cfiT m- q <m <ofl (osmotic) 
S1efVffil'3TT (gradients) t cfi1<01c1!l1 @ ~ lfAT 1 ~ f.f..rr ;;ftcr­

~ (protoplasmic) f~ cfi1" <-tf"filldl (activity) cfi1" 

~ t f.Rr ~ l 1 ~ q<1tt<01 (osmosis) 3TT< ammr 
q<m<o1 (anomalous osmosis) ~1 (processes) cfiT m 
m f.rcfiIBr 1 3ffl1Td" q <ltt <01 ( anomalous osmosis) ~ 
~ ;i" anacti ~ 'tR:ifT ~. cfllTfct; ~ 3fR1IT (ideal) 
q<m<ofl 5f1JTm (osmotic system) cfi1" '-llcl!!llcfidl<l; ~ 'I"@ 

~ I 6'i{l~G if' ~ f~l!Hlllll Ffi ~ ~ ~-~ ( annimal 

bladder) it ~ ~ (enclose) <ti"( ~ ~ (acid) 
~ ( solution) it w ITTT ;;rw, ITT ~ ~ ~~ t 3R1: 

~ ~ srrcrro (phase) ;i" ~ arrf!,Jcflj" (excess) ~d'cfi" ~;;.r 

( hydrostatic pressure) ~ m glt fcrn"fur (diffuse) ~ir 1 

~ SP-filf (process) ~ <ft0lltl-tcfi 3ffl1Td" q <m <01 ( negative 
anomalous osmosis) t rll1f « '.!cfiTU u1Tc1T ~ 1 

~ WfiTI: ~ ffllft « ;;rcr ~ ~ cfiT ~ 
( enclose) f.fi<IT ufTclT t, ~.r ~ ~ cfi1" aft"{~ ( diffuse) 
cfi<dT l 3TT< ~ (sugar) ~ cfi1" aft"{ ~ cfi<ffi l 1 

i'!c;Via if' ~ mr qr f.fi ~ t akt:Hltt <01 ( endosmose) 
~ ~ t ~:H1tt<o1 (exosmose) t ~ (combina­
tion) w ~a- t ,;i1c1!lllcfi ~ (components) ~ 
.r\' f.fi inm iITTT ~ t :J,jcj!jflqo1 cfiT ~ m 1 ~ ~ 

"' 
ITTm cfi1" \11~1◄.:i1 f.r:~ w ~rnm: ~ cfi1" 1M f.fi tfun ~ 
,;i1c1!14cfi ~;q<1tt<01 (exosmose) cfiT ~ (demonstration) 
~'!"@qr, mr: m f<Rr< m~ ~ ~fa~1focfi ~ t ~r ~, 
6'!,}'i:Qa if" q <m <01 ( osmsis) ~ <fir m cfi1", am: f-;mCfIT oT<fi-ttcfi 
qf(itiiH if' ~ ~ <ti"( ~ l I ~ ffl ~ ~ ~T 

ufTclT t Ffj w ~ cfiT ~ II~ {t° ~FITT: ~II ~ it @ 
f.fi<IT ;;iw I 

~ Qfa~r focfi ~qr (phase) cfiT Sl'T(l='q" ffl ( Pfeffer-
18 77 ) t cfiTli iITU iwTT ;;rr WfidT ~ I Wcfi1" ~ cliT ~ ~ 
(Traube-1867) cfi) ~ ;;rrm f, if7fffcfi ~if' ~ ~-



3, 

~ (copper ferrocyanide) ~ (gel) -.tt- miifu.tr (rela­
tively) c! ,co11~w'fi (selective) ~~ (semipermeable) 
mffi't -.tt- m -.tt- ~ 1 tr!Ji"{ ~ ITT"t;T tfPf (porous pot) -.tt­
f~ if ~ 5fcfiR -.tt- fufu.nif ~ ~W@- (precipitate) fci;,:rr 1 

m ~~~(sucrose) ~;:ft <fiT ~ (concentrations) 
t ef<m: (range) t qmr~fr GT<l1 ~ f.ratfuf fc!;,:rr I tTTI m 
cf'ITTfu-mTT-f:filllf<l;iiR ~ ~Tm-Ull<R mrR <TTrIT t ~ 
it fcrirq-~ Wffi ~ I ~ ~ ~ if m<l"T tfll'T ~ 
fef<Tlll cfiT lf~ cfiT ID1lT t mITT: @ HI~ ,coi) ~ am: 'Rli--aTtf 

(absolute temperature) ~ qmr"{Ufr ~ am: ~ITT 

(concentration) t ll'~"<T fl'-llij,41fai:fi ~ ~ 5Rfmr fc!;,:rr ifllT 1 

~ wnm -.tt- ~•@T~ cfrc~Jtri(Van't Hoff) cf.!-~ (delute 
solution) t~'lfu~~ (kinetic-theory) sifaq,f~a rn 
it~~ ~ am: ~ A'lflT eifii:fi<o, (gas law equation) -.tt­
~~T (applicability) fusm ~ 1 

PV = nRT 

p = 9{1~H.oi) Gfcf, clllliiO:S€11 li° I _, 

V = f<1€-tlllifi (solvent) i:'fiT m,:rcr,, ffi"TT ir 1 

n = V ffi"TT ir ~ t llr~ cfiT ~ 
R = mi f.n:@icf; ( gas constant) i:'fiT iwr 

T = 'Rli-mcr (absolute temperature) 

~ ar'h: '117<~..:a ... (Stiles and Jorgenson-1917) 
;'l° <TTI ~T fct; ~ t ~ t [TU~ ~ i:'fiT Q10 ~ 3 ~T, 

mtJ;cf,~r<OT~SITiil.lT t fuq~ ~ lWf ~l\l;fffl 

(Ursprung-1929) ;'I- tTTI ~ fc!;,:rr f.fi .:sia«c1'il1 (endodermis) 
1J;cf, ~ q-;:q ar'h: ~~-cITTcr (reduction-valve) cfiT mfu 
ffl ifi""{ffi ~ I m lTTI 4TllT fct; .:sidttc!'ill it cl1W ~ ( outer 

surface) cfiT ~en .;i,.-af<.fi ~ (internal-surfac) q"{ 

~ GTcr r<J_...-ai ( Diffusion pressure deficit) ~ :l;fo: m 
~ ll'RT fct; ~ t ~ ( stele) it ~ t ~ ~ ~°R 
i:'fiT ~r ifiT<11T ~ , <TR ~ 5fcfif{ i:'fiT ~ <TTrIT mrn:r if ~mr t ~ 
~ ~ .:sia«c1-.:11 'hlf~1ifi1ait ( endodermal cells) [TU ~ 
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,aq1q:qcft~ (metabolic energy) ifi' ~ ifi' am ifT inmr 
~ m ~ t: 1 tfn!f.Ai cflif if~ ij' ~rqf!4cf>l ~ ~ ~~Tll'T t:, Ri 
~~-mr cfiT ifilf « ifilf ~ 'ifT1T ITT mfe1-<t <m <oft ( electro­
osmotic) srmr (process) ~) ~ t I WcfiT ~ cfilfflcfif­
~ t ~ aft"< ~ fcr1fcTT cfiT ~ ~ ~ 1 fcrqq- (potential) 
it snrr.ft ~ ~ ~ - ~ ifi' am f ~ fifiq iITT m ~ I 

JL 
CO) 

m ci- sm11fc1d mrfcrfa'lff (mechanisms) t ~ 

(<F) ~ (turgid) ~ if>1" ¥of (rigidity) <Fr ~ 
~ « 1J"U 'qlf-ir-r-~1 (parchment tube) H <j';r if fr ~. m 
fcrmi:J<F (solvent) it f.nrr~ t 1 (fsr} <iTtri~.nr,r m ~~ 
(transpiring)~ (shoot) cm- ~;:;r,rr ~ R ·.r• p: wi~ q-p.r 

« cf>1" lllrf ~ I trl'J ifi' crco (surface) ~ qftiq'k1.1.,,j;f \ transpir­
ation) irm ~ (reservoir) ij" cfi'T'liT lfr-IT i-f -:rc-r ~ ~r"'r 
;;mrr ~ 1 (if) ~ m:q- tfimA:f fim;i-1 m~ ~<frf ~r •P: IJ;<ti ITT l;:f­
qi~ ~ ~ ifi' c@'ii if~ iITTdT t, 3fR fq;,: ~,-of q, :a-ctr~ ~;\" 

u;ci" ~ ifi' ~ (outflow) <tiT ¥rfT f~cr \ exudation) 
u;ci" ~-;mr (root-pressure) ~ if>1" lfzft 1 

0 
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itt:n.: ~~~it m « ~ ~~ if>lf:iicfiiatl ~ ~ it 
~~1 it m-~ 'if62:"'101 cfiT '1l'rt:r gm , ~ ITTR t m<iR 
~ ~'fi srtrn: t ~ ~-m<f (element) Sl\llq'Aqcfi armm 
mtTT"{Of 9,l"llf•rn ifm:r' uu sifdfl!IINd (replace) ~ ;;rr ~ ~ 1 

~mt cf,'IR if fu "~ (Bennet Clark -1959) ~ if im 
(De Vries), fu.m.f am: ~ ( Dixon and Joly-1894) 
~1wi,rn1{ (Askenasy -1895), m (Renner -1915) am: 
riwr ~ ~ (Ursprung and Blum -1930) mR ~ 
wcit'M>l ~ ~ ~ ~ I 

~ (mechanical) i{~ « elliir4d: ma- (turgid) 
•lti<fi~ (parenchyma) <i>1fucfif, ~~ rn ~ ~ 
(shoot), ar'h: f<1¥iq (guttation) m ~ GTif (root­
pressure) f~€1{11dT ~ 1!_{1'-'Sl"OTTm (root system) 'ti1" m-1 
t ~ (diagrams) uu ~-imnrr 1T4T t I it m ~ ~~~: 
~ ~ I 

~ff ~l~litii~T ctit f+tift-t-tlli : 
(The membranes of plant-cells) 

~ ~or ~run <fft ~ ij" cf.WTTa- "''fll1cfi1ai1 cfft fl¼fR-{,14f 
~ . 

9-l"llf<rn ~t 'ilT =J;Titetr =J;Tfacti ~ ~ ~ 1 !f!i ~ ij" ~ 
'ti1" ~ sr~ ~ <i>1fucfiT cfiT ~elf (protoplasm)~ 
¥. (rigid) f,tfu, ..rr ~ cti'r \lifu cfi17:f ~ l, « ~ 
(enclose) ~ ~ 1 ~ f,tfu ~-m crnff cfft of.ft i@r ~. am: 
~ in:a- cfiT m ~~(complex) ~l'foii (organization) 
~ ~ I ~ ~ ifi ~..,;rrit cfffi ~ ell~-~ cfffi 
~ ~ ~ f'+rfu « ~ ~ ~ I ~ <i>1fucfiT « ~ cfiTro<flT d'cfi 

w~ it ~ cfiT ~ rn ~"ll" ~ m f'+rfu cfft ~ 
(structure) ~ 9,1faf<'ffi ;;ircr-~-~ (plasmoderms) it ffl 
cfiT m f.Rn1: ~ ~ 1 ~ ~ (old) ~ cfiTro'ilfari 'fir 
~-f'+rfu cfiT ~ (lining) q,i@f ~ if>lflllcfil~oll cfft ~ trm 

(layer) ~r l I if>lf:ilcfil~oll ~ ~ 1f1lT ~ firITTli trm iR@' 

~. ~ « ~ f.ti ~1 "'1" ~ cfiTfucfiT cfft f<fcfdcfil (vacuole) 
t ~ m ~ ;;rm ~ ~wr (penetrate) "fivtT ~, ~4ifdcfi 
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(theoretical) am: Sl4l•ikstifi (experimental) ~ ~ ~­
cfi11JT <tiT ~ rn ~. fct; ctfrf:1tc6n: .. 1.1 cf.r G1 ~"istti6t<I (limiting) 
~%m@cll-<Ht14f-1cfi (physico-chemical) ~stt1.1c1dT .,,,f111cfi1-

~ « '{~ ~ ~. am: ~ ~ '!~ f:Afl:'{14f +IT.ft \ifT Wf;'ITT ~ I 
mm-furn . cf.r ~lfc@i .,,,f111cfits:c4'1 ( cytoplasmic) ~ 
\Jllc!S:ollcfil1t (plasmalemma) ~~.am: f<frfficfil (vacuole) 
ifn" ~ rn crrm ~t eliill{,f(R. (tonoplast} lfT f<frfficfil 

~ (vacuolar membrane} cfii{{1le11 ~ 1 .,,,f:11ifi1S:ctl am: 
mm-f\lfu ~ "1'tfl!lcfi1S:64 am: f<frffiifil % lftll" 'tTI" ~ aicru­
'{lio (interfaces} irfoo ifi"W ~. arcr: '.!i""a ~ ;mer~ ~ 
( ingradients } w=,rcra: ifilflitifitS:clf % ~ ( interior ) <tTT" 

,;rq-m arn-u~ (interfaces} !{1: ~ (adsorbed} ~~ 
~ I ~ ~ ifiT<IJT a{ffl ( interior } "1lflllifi(S:olj ifi'tflllcfiisF41 

f:Af('{,141 « f"+rn" ~ WITT t I ffl Sl'fn: % S14't%:ltcfi ar,irq,Jr 
(investigations} ~ qf<ifi(,<tiil (hypothesis) 'tiT ~ rn 
~ 1 ~rcrsroq ~ Sl'fn: iti 4GN cfiT ~ « fc@ft@" (coated} ~ 
t, \ill\;@ it 'J,i~{,fii!/f){,f ~ t I ~ ifiT<IJT ~ fCfi ~ "ffi % m'i 
fflif~ (immiscible} ~ t 1 

\Jll<IS:<>4'6{11 (plasmalemma} am: el-,il{,flfc:. 'tiT ~ 
( constitution} lft4cl""ITT ctiWiiif,IS:ctl « ~ ~ t 1 ~ srirror 
% rev.~ ~-ir-f'lire (micro-pipette} cf.r ~ « ~ ~ 
~ (nontoxic} ~ (dyes} .,,,f11tcfi1s:o4 ~ aio:~ 
(inject) ~ f~ ~ ~. ~ « ~ m E-ta l'J.qifi ~ ;;rm ~ 1 ~ ~ 
~ ~ fcti ~ ~ (dyes} si!Tcl"~ (plasmalemma) m 
el-,ll{,flfc:. « ~ ~1 ~ 1 ~ ~ 1mr ~ t fcti \Jllc!S:<>4cfi{,ft 

~ eliill{,flR. <fiT tj"'Eferr ~ "11N1111s:oq « fmr itITT ~ 1 "11f111ifi1-

~ fiAfl:"\141 'fil aqff~fa cll"U'fi ffi ctiT ~ ITTU ~ ~ 
(protoplasm} iti ~-~ (manipulation} « "IT ~ ctTT" 

m ~ t 1 ~ ~ ~ ( Chambers and Hofler 
1931 )-(% ;;,"1<1S:ctl'.!if-qct ( plasmolysed } ;mcriroll<li ( proto­
plast) ifn" ~ mm-f\lfu « ~ f-1cfil\1'1i am: f<frfficfil ~ 
\Jll<IS:<>4 cfi1" ~ Sl"'fin: ~ 'fivTT ~ ~'ifq ~ tTlJT t I ~ftrctict-< Sl1lflJf 

~ f~(Sj{,fid ~ fcti a,-,1C{,ftR. am: «Al<Rf: \Jllc!S:<>4ifi{,ft 'SIT tffim iralf 
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m ~. ;;ft ~ t ~ mil"~ (immiscible) ~ l I fcrt,rn­
lfWr-ITT t ft.ro: ~~'Fl q1 «1~a1 mm-f1lrn am: ... ,r.i1cfi1s:o41 

f~ft-\'141 ifiT qror~ TT @" f.1-.h: ~ ~ I fctim ~ cfiT ~ 
cfilrncfiT i:r m ef.r t r~~ ~ mm-f'iTRf41 ~ fcrt,rn- 9'W 
«~~~~1 ~wmr~arnw (interior) mm­
i:'oll" « ~' 3fl1: 3@'. i:f fefifficfiT i:f 'Sf~ rn « q-~ c:.").f1l{,l lfG « 
~~~~I zroftf ~ ~ ~ cfil'fucITTaff ~ ~ 
q1:i::•1¥-£ldl c!i'r 'f.lc,TTatT ifiT mm i:'oll" « iji-clf..aa rn ~. ~ 
SllfTUT ~ ~~ WfiR it; ~ Ri _;f\--q~oljcfi\'11 3ITT ir.t~ If~ 
fufu,lff t ~ i:r f~ q1 <•1~a1 ( differential permeability) 
it; T1f it; w:1 fci4'll1'11'1 ~~I 

wa'i,w ,,,n:r 

y,.,, ,_ ~=::,:;;· ...... ::.1..'==~~rl"fl-E_=.,,~~ , 

:, ~~~ :,ra.'7 

.. , 'IT~ 

i21.,,/P.pJ1/v1"J;;:;r(lflll~fr ~ J.,,.,." .,..,,. 
'IKFl~---<"~-~#=--"""-1~-~ 

m ~~ 'Sfcfim ~~ (light-microscope) i:r 

~ti°<rifilfi'll ~~~ cfiT f<:€M1a ~mw, ~ m 

~ ijlaT(Qf mi' (simple pit)~ q,f(c(G Cfi) ij'l~ldl ~ I 

'filf~-~, 'fit qj(•i+lcffi: 
(Permeability of cell membranes) 

iji'l(rl,ld:, ~ Ri amJcfid1: 'i{rcfi(fi?feij ~f i:j- 9'flTT ~~, 

cfi1fucfir-f'ffim ~ ~ ~ lilf'TfcfiT ~ cl.fr ~ ~ am: ~ 
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~~t~~:~~~I ~am:~~: 
,Mt~@ (hydrophilic} aia<lf.i?\{,t't (intermicellar) ~ ~ 
~ ~« SArn: 'ITT' NWn cfiT ffl f I @fr.rq;~ NWTT ,:ft­

~ ~ ~ t ~ !f'CJTcr: ~ ~rar t ~ ~ ~­
fiffit.ff f-;t;; it ~ (suberin} am: cfl!_R:.r (cutin) ~Ro 
iw-rrarr it~ ~ ~. ~ am: ~1 oo t ffl'(( <l>lr cm::~ 
~, I 

m~ ,n_....,"~-qc:.ij cf\1Fw,,13t'l ~~rtfcN"fra. ~­
~ f~ ~ ~ mr ~~cm::~ (differential 
permeability ) ~ <fiW t I llW ·cf\1fil1cfili#.<>41 mf~r cfiT 

• "'-c. , • ..!+ • 'ft " ~ ~ ., + ~ lllll~T 'fll ~ cf,jl/jif;ii#.641 )IUll\"11 Wf'@ Gtiqi#.c4cfiiiiT 

m1T cf\1f:11cfi1,6ll +c:.'rii-.::il{,fl~ ?I' ~ 1 ~ it <Fgo ij' wq ~fu' 

cf,lr.llcfil3TT it ffl rn ~ cf\lfillcf>ii#.olf ii' Rim if f.l;m sr<tm: 

ii.fde°ifqa ( intercepted ) fr-fiit ~ ~!fllT it ~ ~a- ~ am: 
W ~ i!.1•fl4-tfc! ~ Q~ ~ irrsrraif it fcffif«f if@ ~ I 
~r 'ififu cf\1fi11ifiisfolf it ijlh1Nd" (synthesized) lfif1f<fi ~fc 
ifi1" f.RT cm: ~ ~ e- ~ ~ ~ ~ 1- 'ITT!': Gtl<4il&tcfi{-fl 

fittfl."<?141 cfiT cf\lf:!icfili#.o'TT srl!Trnf7.IT it srrzr: amTTacti 4ii\_t<4~0i ~ 
in.rr _;mrr ~ 1 <fmir ~ ~ ifivTT 'q'TT~Q; f.ti 'lGT~ ;;i-rcrac~ 

cfiT f<RT m fr-fiit g'Q; "1"1qslc;ltd1, ij' ~ cf>"( ~ ~?I'~ 

ifi1m'liT "'7° am: irfi=r cfll ~ l I 

• 
f.mrCc!' ~1 t ~ ...... 1F11, ... ,,oti1 fittfl."i?ilt'i cfi1' qrofR@T t m 

it ~a- cfilf olTTtr,fi qffioq' rot ;;i-r ijc@ ~. m fct, ij1ffif m m~ 
cfi'iflllifil&fj ~ fuQ; ~ ~ I ~-« wtITT: cfiT ~ cffficll' ~ ~ Ffi "17f!lTcf>T­

~ ij li:t 1.-qa: ~ it)~ oITTfercti ~ ~ ~ arr< ~i:rtfrrtrr ~ 
~l!;+r ~orarr t ft:rQ; ,n-~ iTITT t , ~ f'6l4,t'1ifi ~ t m~ 
~ t ~. ~-~. ~~(electrolytes),~ ~ 
~ ~ t @Q; WcfiT iroln fittfl."<?141 "'7' 41 <•1¥-ltdl ~ qf{qdii­

~ 5@Ta-~ ~, :ar:,~<am; m ~ 'ITT' ..,1rii, ... 1ai1 cfiT w:irzA' 

rn ij' ~ ffld' itITT ~ f.fi ct,'ir.uifililotn fittft-i?ilti ~'f;t;;i- am: ~ 
111cti<1ai1 t ffl'(( mfercti "l'lWIAt (impermeable)~~ (Bonte-
1934) 1 
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ara: ~~1 t fu-q; <t>lf:llifiii:o4'\ f~f~4"'j <t\" q((•l'-<ldi 

cf,T T1f f.:tf.ffir ~ ~ am: ~ ~ ~ <tt- mrifiT ~ ~ ~cfif( <tt­
~ ir f\Tnf ~ ~ I ifilf:ll ifi I il. o41 f~ <t\" q I (•I ¥-<Id I ~ 
;ii-~. '1,lclffil!fa (location), c11a1c1 (uf14 qf<.f!llfct<1'i ~ ~ cfiTTifiT 
t m:q-~ ifiTrn<fiT ir qf<.c1foa cfi"(fil ~ 1 CfloCITT cfil" ~ ~t 
~~q((•l'-<ldl ~ ~ cfiT fcrnra-~ ~ tful:!; ~~ 

' am:~ (Davson and Danielli-1952) tiifcrtrfu".T (Frey 
Wyssling-1953) i:i;cr cl""(ITT (Virgin-1953) t ~ ~ 
~ I ~ t qq-1 i'f q I (•I ¥-4 a I t 3ITT ~ ~ fir.in,:a" ~ 
arrq ~ m -s:~r mr<tiT r~ F~<?t41 ifi" mfucf; m~erorr ( physical 
characteristics) ;ii- arqffl 3q1q.:i1fr (metabolic) m~ t 
~ ID<TCfi wrrq- ~ \if~ ~ I '3<1~(0(d: -~1Jir1c1•i 3ff( f~ 
(Rosenberg and Wilbrando-1952) q1<•1¥-<1a1 cfil" ~~ 
( enzyme) m~ arr< ~ (carrier) ~3JT t ~ 
(synthesis) ~~mrrn ~' ~~ (Goldacre-1952) 
~ ~ cRrm4T Ri" ~ 3ff( ~ cf,T f~ ~ ~ 3lf'+f1Tl1'1 

(transport) !iti'r,, ~311 ;ii- mmnfq-a- (absorbed) ~ ir 
q f<..:1 a '1 q"( f<N"< CfiTcTT ~; f;;rncf;r 1fiT"(11f ~ ~an cf,T q<?\"rf 

(folding) 3fR ~ (unfolding) ~ ~ 1 ~ ~ ~ 
'ITT Gi(•l'-lldl '3q(qi4tfl ~ if qf""<.clcf'1'" 3lTI: clldlci(OI ifi" fcrf-m:r 

'SJ'\"fucf; ~ (Hli4f"lifi Cf,'("'(Cf,f iIT<T stmfcra- cf.r ;J(TcTT ~ I ~ CfiR'JT 

tr~ ~ Ai" '{1 (• I ¥-4 a I ifilTITifiT-~ iIT<T ~d" 'ITT ;J(TcTT ~ ;;:fr Ai" 
'1\<?ttf1fu1a (hydrated) 5f'li'r,, ~an ifi" ~ ~~ ~ ~ ;;rfu~ 

creo ~r <fir c1rTT ~m ~ , ~~ ~ 'Sf"OT1T-ft cr.r ~ ( organised) 
~. !fcTTT'1" iIT<T f.l,fiffi-~ (released energy) t cll<r iIT<T cftfqa­
<tt- ;J(Till ~. am: ~~ ~e, m mR~e:r ~tr ~ ~ ~ iIT<T 

5fmfcra <Fr ;;mft- ~ ;;r-1 -3q1q'<ltn-mr (metabolic processes) 
~-3TT~'!1T (electrical charge) m '1\<?11f1;,ii'i (hydration) 
ifiT~m ~ 1 ~ma:rr< ~-;, (Brauner and Hasman 
-19 52) ~ ~ ~ fot;- 3TTmr.=r (auxin) ircrn,:r ifiT ~ ~ 
~ tff<.lf'-<IBT ifiT ~ rn ~ 1 ~ m ~ ~ f<f;- ircrn,=r-f.ruucfi 

(respiration inhibitors) q1<•1¥-<1a1 ~ ~ <tt- 3;TT ~ 
(uptake) <fiT ~ ifiT mRli"!ff ~ ~ ~mfc@- ~ m ~ I ifl"Elflr 

t pH ir ~~ram: '1,j,,i"ic1ao1.1r (non-protoplasmic) 
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fsif<:-\'llri ~ Cf>1' ~ tfTI:qi:lffif ifTT SMTm ~ ~ I ~ 
(Seeman-1950) ~ ~qm f.ti m ~ (algae) am:~ 
'nm it ~ <ti1 41Qi+-4di pH 7 ~ ~ am: ifR ~ miff TT 
~ t I 



qftl'ffl!l'T ttcf clf'ffllfT : 

~~ 2 
aic1:~ 

( Imbibition ) 

,;rq"{~~'R~ll'T~ t ,irm ctn"~ lt mr ~ 
,ifNITT~~r w lt ~ ~ ~ ~ ~ i1 fclim wzr mra 
t cl""'\";ir, ~ ... 1G11<1<01 { seed-coat ) ~ t ~ :1,1qw1+4 

(impermeable) ~ ~m, ;;icr ~ t ~ it ~ ~ & 
acr ~ '\WT srtm: ~ ~ ~ 1 cfso ~ ,;r~ wq 'TI ~ sr~ 
~ lt f.p:ffe;;rcr {immerse) rn q-"{ ~ ~. ~om: ~ffi, 
~t-'!t-11;.,, ij;m,: ( agar), f"'?tfct1 (gelatin) ~ 1 ~ W'f 

wzr i::CTT ii f.1itf""11d ffl q-"{ ~T Slclln: ~ ~ I ~ ~ ~ 
ahf:mur ~ t '3~1~<01 ~ I ahf:fflVT ~ it W~ lf ~-ffi 
ifTT"lITT"T srrzr: '3'"ij" ~ ~ ~ t ~\ITT~~ it~ 
~ ~ l I a~1~<01a: ~ '!!!U<fi ~ <{o { kelp stipe) <TiT ~ 
m i ~ i 'Tr< ~ q;:~ i_-c;:rr mwti ~ <TiT :l;lcfm'iVT cfi{ Wlid"T t 1 

~ <iil cj"(T>q" Q;ci i:'<f <rr.ff @" ffi!fdli"'i if ahf:mq-ur fct;-zrr \ifT 

Wlid"T ~ 1 m~ {damp) 1ffirlf lt ~ ~ ~ t wzr <fiTlTT <TiT 

~'\W'cfC'IT'firttftm~'{lJfl I ~e°{'i.lt1it! lift~ 3TW 
i mwti f.r+"rf ~ ~. acr ~ ~ ~ 'fir 'TT ahr:mor cfi< ~ ~­

qflf-'!lTli<Ji-.ft'm 'fir ~ $1 ijiJtlr4d: <1144'-s.:?1 t ~-~ (vapour 
~ ~ ~ 

pressure) t ~ 'Efc~~ l (Barton-1941) 1 

cr,wrfu ~arr it s11,qf'tifi (primary) arn: f[ITTlrcli 
(secondary) ..,,r~1"11fllffilff ~ (pectic) ~ am: ~;;r 
(cellulose) ifi'T cr;:ft ~ ~ "11 ;.,.:,.i#t~ (hydrophilic) if>l.:?llfi-s 

~ I ~ if>l.:?iifi:S ~ cf>l" ~T lITT"T3TT <TiT aid":mor rn & I ~ 
(young) .;if<fcfdifil'!d (unvacuolated) ..,,r.nifi1&11 arn:: ~ 
(dead) ...=tfuifirarr if~ ifi'I :l;lcj!!i)qo1 ~= aid": fflVT t <TiT'{lJf ~ 

t I ~ ~ lt° ifi'fCfil ~ ~ ~ l I ~ ~ ~ mwli ~ t 
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Ri ~ ~ ctTT~ctfl"~ctfl"m<A"( suture) it~~ 
tt ~ ~~~cfi"{ @ll ~it~~ cftm« ~~ 
rn it ~R f.t;m ~ ~ ~~ m <fi1: ~ l, m ~ ~ ~ 
~i, 

am:'!ffi't:1'11T t cfiR1lT ~ « am:'!llTQcfi t ffll@rf it crf.a itm 
t I ~ ~ ~ ~ ~ t 3fTl@rf « cfilf ~ t i5IT a'icr:mftra §ffl' 

t , ~ ~ it ara:~ am: ~ cfiT ,;rm ffll@rf ara:mflffl 
~ am: ~t smfnrcfi mm=r,rjt 1..1111' « cfilJ ~ t I ~ WT t Ri 
ata- :'!ffi't:1'11T ctfl" arcrfu it ~ t ~ ~ ~ (compression) 
in-~~.~ qfuirr~a;;;rf 1!cffi ~ti~ 'qc,ff if~ t 
ri ~ •i~8 ~ ~r \ifT WfiITT t I 
~ ij" ~. i5IT q;wrnf ~3ff it~ ;;r@" ~ ~ ~ 

cfi)-{ 'lm ;rn"8- i, ~ uf{,f~@ ~ i I ,Nlt\_(llld: ~ffl, ~ 
sftit;r, ~ (gums), ir,:im;r (pentosans), ~. ~ ?!("'!'·11~ 1 

\;fcf ~ ~ ~ t ~ it~@" ~. acf ~ cfiT \lcl!iflqu1 m ~ 
~ ~ am: ~ ~ ~ ~ff i I ~ tlcf ~1 irfU ~ 
a{q5JltfOT lJT ~ .ff' fcrfa- q {lfl {01 8° fm:r ~. Cfll'TRi ~i' ~~ fcm.T it 
~ 41<•1'4dl f~<sMIITT ~ ~ ffl~ Cfi1" ,,W=l!illifidl ~ ~ 

31n: ffiq-~ lt ~ fflP1Tcfi ~ « ~ ~ i I ~ srliTT ~ cfiT 

:Acl!/rlqur ~~ST~ ifiT ~ flll-Ur•-rn: ara:51ltiUT ifi€i{,fldl ~ I 

(Dynamics of imbibition) 

flll-Url..(rj: offi'.'QJTtilJT ¥ ~ « ~ f~ imfr ;;rm')-~' 

~ fflcfiT ( Capillary ) -eg;rr ,rr ~: ~ m~fua" 
(involve)~ t I akr:mQ"O'T rn ~ ~ SJTI..("; ~ (minute) 
~>Rwr (sub-microscopic) ~ « 41<•1f4a (per­
meated) ~ t 1 ~ ma- ifiTtTT ~ t f.t; fcfiwrr :ircf ~ 
iITTT, am: RicAT of¥ll' fim « ~< ~~ t irfU ~llf 
~ t I ~ ¥ ~ « arn:~fttfu'r cfiT cfiR1lT ill~ liTtlflf if 

R afR a'icr:!ITTlfifi ;i' ~ t ~ ~-GT<!" lt ~ iJfifT "11 

Wti'ITT t I am:m't11f cfi"{d" 91:1; m ir ~ ifiT ~ acr ijcfi "1TtT 
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-~ t ,i['if ac1i fcti' am:~ it ~ GJTW ~ il ~ qn-~ 
cfilf ~ t I f->m ~ ~ am: q {lfl {UTI .:rarrran it oo "l"@T 

t, -:am WITT-t!W 4"'< \TI', '3"fl" ~ ,i['if sruITTr'r t if;ft 'lT1Tt il 
,i@ t ~ Gl'cf~ ~ irR ~ <Ii"{ ~ff~.~~ ifi1" 

fumr$mdrt1 

~ 'J,ljq!/qif, ~ fcti' \jfl ~rtt ~ cfiT ara:imtfVT ifi"<dT t, 
~ ~ Sfq' ifif \TI' am:mq,Jr ~m I -d~l~{Uid; 'll!mfi ~ ¥f" 
( kelp stipe) ~ it Rirf>Nffi rn 4"'< amdT ~ ~dT t, ~ 
m <ll arrl!' ifi1c1f-1ifi rn it f.rq~ rn 4"'< ~ ~dT t, ~ 
ofcli ITT-=ir "{~ cfiT {(ifi ~T ,i@ cfiT am:~~ ifi"<d'T, ~ ~ 

srcr <ll q'fetf ffll'fcr it m am: ~ fflf.rcfi .ftfirifit t ~ it ~ 
4"'< ~ ~~1 ~ am:mf'«f ~ ~r t , Slcliet ~ u akr:m'fUl' 
~ t fu{( ~ ara:!llTtiifi it i:'.cr am: ~ 'qfU d'"{'qj t in~ t 
ffl f.4-ITTUr ~it~@ ~ 1:tii 'J,llcl!lllcfioT ~ ~, ~ 
~a:!1Tfqcli t ~ arn: akr:wW«r ~ t q'hf ~ fcrnr1Sc ~ iiffi 
'if1" ;aqftqa- ~ ~ 1 ~ akr:~TCfUT-~ (process) t 
fi;ro; llfG ~ ~ifi 4f<ff'llfctllf T-T <Ii"{ ~1" ~ "lli, ail" \TI' ~ 
~ ffl<liQ111l <fiT ~ml" it ~ ~ ~ ~ Wlifil I 

ara:~rf<ld" ~ t:tct ara:!llTliiifi t .ft-q 'i!W~ ~ f.r:~ 
~ ~ ~ 1 ~,. \TI' srurrm it ara:mftrn >i@ qn- ~~d"T (bulk) 
~i:i: Wl!3IT ZIT fir~) (micelles) 4"'< arf!:TSJrfl!l'i:i (adsorbed) 
~ITT t I ~ fitmr ara:sftqur rn g"l:1; !RT~ <In" ti'"<vmllcfi" ~ 
(structural units) cfiT lfor!" rn ~ 1 ~ ,n'fcrefi ~!:T, \jfl "'7''~~s'r 
srur1razrr if ~ ~ ~cl' ~ m ~ if,1111 t ffl rcroi:rTrf" 
~ ~. ~ @ 'i{T@cfi ~ akr:wrfl!l'd" ~ ~- ~ arn:mq;fi t 
~cf>r{ cfi~t if ~ "jf@" ~ 1 ll"~ >i@ ~~ SJct>T"< ~a fcti'll"T ;;rr 

~iid"T ~ fcti q"f~cf if ~ frffl°ZJrf" t ,;ri'G{ ~ cfi"<a ~ ::r.vrr it' ~ 
WicfT Q;fi ~ ~ ~ m~ ir<m cfiT ~ 4"'< ~ cfiq"'if (shell) 
c!i1" ~ ma-mfl!l'd" ~) I a {(cfi <ll <fAT 'J;f<R~ ffi SjUllfolfj it qm 
;;rr ~ ~ I ~ ~1"!f ,;rcrf~ 3lfwti oTcf> smt"d" ~T ~ I ara:­

'!lllWd" ~ cfiT f3" 'iffif ~~'if ~e:i:rGW1ll" (sub-microscopic) 
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"1lflllifi131l q- ffl ~ ~ ~ ifi1: ~ ~ I it "11fM,(q° a:rn-:­
mlfcfi t 'El"c<fi ~afi tTT f1rnm if~~ ~ I 'ITTf:ffilJf t qn:tJTTlf­

~ 5Wf: t% 5MOO cl"f '.iffift ~ -;;ft ~ 3;f~ ii oj'j ii" qcfl m, 
(gel) cft- mm m.ft ;;rr ~ ~ , am:~ ~ c:m,r ~ 1f m 
qcfl ~(elastic)~ ij ~ ;ft- mfucfl ffefa" f.:r:~ ~ ~ 

WWf ~ ~ I 

-~ ... --f, .. 
ara::i11~u1 it' tt(lkM-4 (ckt.-f : 

(Volume changes in imbibition) 

~ ~ 1fm-'llffi=r m-a- i fcl; am:m11T cft- 9;1cTTa- it am:-

~ ifiT ~ ~ ~ ~ I 1Rffq-~ WJTTm ifiT ~ ~ 
(IT+afcr:~). i:<f ~ am:!ITTQ~ rn ~ qmq t SWTTJicfl 
arn«fiTT t m-T ~ ~ ~ ~ i I ~ ~ lf ~ ~ WITTf 
am:m-or sn':till"T cft- ~a- ir affirif...arn«R if ~ ~ ~ , mrr 
Ri" ~ fcf;-qr ;;rr ~ ~. ~ mmr,; it ~ ~: ircf "[TU 'ITTf:­
ffi11T rn ~ i:<f i ~ it IT [fU ~e.+r ~Ffi cft- atf~..rar 
( occupancy) t ~ if@ ~ 1 ~ ~ sio11follT 1f ~~= 
~ ~a- [JU m ~ 1t ~ ifiT t% 1TTTT ~ ~ ~ I <fffif· 

~ ~ ~ r~ m~ ~-~ m~ rn ~ ~ i ~­
~ ~ ~ ~ .;if-.tfc1;:iiw (oriented)~ ~ aft"( ~~ 
~ ~T cft" :qqe;r ~ ~ ~~I ~ .;ifu11f1Mcf ~ t 
~ (compression) t ~ ~ ~. '1;@": ~ ~ ~ 
~ ;ft- atqe;T ~ ~ ~ I 

(Energy relations of imbibition) 

am:mur SW,lilfT t qf(O(('J(-q~q ffl ~ (heat) ~ 
~ ~ I am:~ cft" ~!:T ~ 3it+fT ifiT ~ ~ ij({-ldl'A'4ifi 

~ ;;rr ~ ~ 1 ~ ~ ~ fcti" ~ ~R cfiT ~ am:lffi'f1JT 
~ t ~ ~ qifi <li1.11 <liim ij w ro:rr mm ~. ~ mqm,, ij­

q f<clct<i ~ ~ I 



0.23 
2.39 
6.27 

11.65 
15.68 
19.52 

28.11 
22.60 
15.17 
8.43 
5.21 
2.91 
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~-~ akr:mflfcf ~ GI"@ ~. ~ 4i~fq€(q ~ ~ 

;,,-;rr ~ 1ffi ~ mlf ~~ it ~ t I ~ ~ (dynamic) ;,,-;rr 

NR: U SfUITTIT ij 3iGlTT ~ ifi ~ ij ffl ;;JTfil t I akr:fflUT "'1" 
Sl'mT if ~ ~ qf<4ct"1 ~~ ~ {[ffiT t I ~ ~­

irfu.t; ~ ..,,- ~rn ~ am ~ ~ SfUTTm t ¢ ~an ct>==t ~­

afuf ~ ;;nm~ 1 ~ 3PJ!an iITU ~ g{ ~ ffll@T crrqlffrf ij <!f.[ 
ifi Cffi'OT i@T t I ~ ~ ij f~€1~ 1q 1 1J1TT ~ Ai ffl ~ 
~ ..,,-~ ara:ml'fOT cf>l' si114f+i'f, ~ 1f itm ~. cflTTRi ara:­
mfqcr ~ ifi ~ 3P1Ian ~ ~ ~T mlf, ~ ~an cf>l' ~en 
;;rr ara:m'fcfi ij <ITT: ~ m rn l, ~ ,~ u ~ Ri<TT 
-il"TcfT t I 

mT (Shull-1920) ;t clif...qqJi cxanthium) t ;ft-;;ff 
~ Sl7n1T iITU ~ ~Tcf ~T Ai akr:ffl'iUT cf>l' ~ crrqlffrf <In" <fra if; 
fflil" ~ if~ t I 

am:~~ q(lfl(UO si.trcr: 
(Osmotic effect on imbibition) 

akr:ffl'iUT if; iITU ~ Rim ~ ij ~ ~ ~ irfu 
cfimT t, i:ififRi ~ ~ fcr«~-Glcr ara:fflcli ir ~ t fcrITTur-GTcr 
umilifi~ ~~, ~ ~~ q<1~<afl ~ ~ ~ ..,,. 

fcrITTur-GTcr-~ ~ +fTtf ~ ~ <t<TTRi ~ ctiT :aq ft\4-fa- ~ @ ~ 
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tITTUJTlf ~ ;;rm~ , ~= q <m <0n GTof ifiT qf(l{l1JT (magnitude) 
arn:Wlvr ~ G< ~ ~ arcr:~ t ~ ~-am cn;n cti1 sc\f1fcta 

~t, 
~ ~ ;iif.-ttll'1 q-1fo~c:11f-icfi+1 (xanthium penncylva­

nicum) t cr'rm if arcr:mvr 4""< 4(Hl(UTI 'Sl'1fM t ~ Sfll1lT 
fct;q 3TT"< ~ tffeurrm t ,;rran: 4""< ~ f.rlrir -AW I ~ 
~ t q,m1<an GT<f if ,ra rn 4""( Fifri fcti ~ F-i+1F>N1a 

~ ~ ~. am:mtfOT irro m"{llf "'1' m "'~¥11':11 ~ ~ 
q, (~ ,rr< ~ ~ ,~) tram ,iffiIT t I :;f_f.f; ~ 4""< 
arn:l!TTQ'11T cfi"<1' ~ W?.T lf ~ ~<.I" q f<cu <cfi (surrounding) ifcf 

~ ~ t fcrn"(1Jf GT<f ~ ~ 'if!~ mr: arn:mvr 4""( ~ 
crmrro Sf,rrcf ~ fu{( ~ m&r< Sl"fli~ t I ~ q (lij (UTI ~ ~ 

arn:~rfqa-~ 'In" lJro t ctf-q ifiT ~a- '!_lJ@'lll t1+111,qR11· ~ 
~ f!Ji( m ~ arn:mr.rcfi if ~ 'In" 5(?.flf ,rai:rr ~= arR if 

atff:!Jftfim crf.am 'In" 'J;fqelT ~T atfu.ti ~ ~ ~ 11'~ ~r 
( greater forces) am a-r<vr R ~ iiIToT ~ 1 

ara:mfi«I' c11if = 
(Imbibition pressure) 

llfG" ~ ~ ~ aIB lITTr.rcfi cfi1 :.n-u am: i ~ cf,"( 

~ mir def ~ S(Jll": ~ (enormous) ef<irrvr t GTof ~ 
~ 1 a~,t;_~oia: ~ cft-m « ~ cR" irrf if 1:1~ mi~ RllT ~nit 
def~~ w:rll' 4'~c{ cfif V-~ I 

ara:'!!T~ GTof ~ 4'G ~ arn:mq,JT <tl" 'J;fcrfi-r it ~ ~ 
cmffic(cfi-GT<f ~ mmTA" (designation) rf@ ~. ~ ~ 'J;f¥f 

q-.:rITT:UTT Glcf ~ w4 t ~ (analogous) t;_r t, m am:~ t 
Wi9 f<ffirrt:c Tft cfiT clm1Tffi" t I ~ oT¥f it ~ it ~ tJ'llT arn:mvr 
GT<l ~ (potential) m~ GTof (maximum pressure) "'1' 
Q:ti ~T t, \ill fcti" 3fff:'!!Tf1iOT t cfiT<11T 3ffi":!1T1'tfcii if ~ ~ WfidT 

t I ~ ffl~'{m arn:ffi1Jf GTof 3@':~"'ttrf; it ~ t fcm-(UT ~cf 

rlAffi "lfi"T 'ffT~ ~rt "1<f ~ fcf> -mi~ m:f"<11T (expansion) 
~ ~5~ <ITT" oTTm rf@Gl'ffi" mfill ~~it~ ~f~ cm­
~ ~- 3T'!4'ffi if mi <tl" fimFJT atN'fi itro '34R-'4d f!TlIT, ~ff-il ~ 
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q<,e<oft-<IT<f <pif ~ 1 w '1ffif ~ arcr:~ if~~ arcr:m-qvr 
rn ~ ~ t WJ.lffif if ~ qfuifi ~ ifTT" ifT3rT ;aqff14d ~ 
~ @ ara:mq,ir <IT<f <pif ~ 1 -a~•ll<01a:, 'cfl7!-~ ~ t ~. 
arm ~~ ~ iteU ~ oo ilTI" ~ qfuifi ara:mc.1'UT GT..r ~ ~ , 
~~<Fl" ~ if q-~ ~ ~ i ~ iJiT am:~ GT..r 

.... 

~~itm~• 
q<1e<or t ~ ~ ~ oo ifTT" ~ ~ •m-afc1cfi GT..r 

\ill Ri am:wl'l1'T iii~ ~ ~er ~. dcfili!t!I( ( logically) 
mfu°-iTT<f (turgor pressure) ~ >ill" WfRf ~ 1 am:~ if~ 

'3m Wt<f ~-GT<f ~ ~ i, ~ afd":mq.fi iJiT ~ ~ « 
~ fcl;m ~ m ffillT ~ ~ Ri 'C{cfi" ~Sk1.11f!4 (inelastic) 
f~ it qfv«Ff (enclosure) am "(lcfif ;;rr ~ ~ 1 

~:mt{Uf ~ qf('1(Ulk•Ni i!:McfllOI : 
(Quantitath·c aspects of imbibition) 

~ am:-~ ij ~ <Fl" fcm-<vr-GT..r~ arcr:mc.1'UT-GT..r 
ii= « mfu" GTif cfiT '<fcA" q"( t1+fR" ~ t I lfll it<fi :a'm 'STcfiR « 
~ t f-;i1r srifiR q <ltt <oil Sf1JTT~r ij ~ ifTT" fcm"<vr-GT..r..;:qrrnr 

q-{jij <01T GJq ~ ij" ~ ffl" cfiT tR:R q"( t1+fR" ~ t I lfll ~ 
f.p:;;tf.f;a- Wil<f><Of ~ m~ f.fim- 1TllT ~-

~ ffl" ~=at@lr GT..r--mfu <IT<f 

,;;rRi ~'ii" m?if~a am:~~~ ~ ~rcr ~ ~ ~ 
am: ~ij' ~ Cfi"1" S1'1JfrfWfl t ~ lfll t1'1"1cfi(OI ~ 'STcfiR ~ fct;m 

m ~t-
fcr. ~- ~- = at. ~-

~ ttcfi" 1 oo r.fr! ara:mOf ffl" qffl ara:fficli cfiT 11!4 ~ 
~ f-1¥if-Md" ~ ~ dGf ati:f:~ ~ ;j@ ~ Sll(f'-Wti fcrn"{Of­
ffl"~ 100 cfT1! ~lfT 1 ~~-ti~ q"( ai'a-:'!ffi1'fcli ~ ata-:­

'!lTtlfUT ~Glcf ~ ~ ilTI" fcrn'(ur-G!Gf-~ ~ ~ ~ ~ ~ I "lfR ~­
~ i am:~ cfiT ~ ~ r~ ~ f-1¥if\1;,ia f.fim- ~ ~ 
q (lij (OTT Glcf 20 cfr! ~. dGf ~ ~Of ~ q"( ai'a-:ffi<fi if ata-:­

llIT'iOf-Gfcf ttcf ~ cf>1" ~-Glif ~ t{r-ft 20 ~~I IH<lf'id 
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a@":~ if, ffl ~ <fl1" ~Glcf ~r1a1•,fi t ~ cfTW fc:1\"1'1..1,fi 

t ~ cfiT ~ ~ 'ITTf:mq,7T oo ii. t1ii1ii1;.i,:fi (adjustments) 
tID"U@~~~I 

lift ~ a@":~ f;;mcfiT srrw'ifcfi am:l11T'f11r Glcf 1 o o crnr 

~am:~ l'.ft> :l,ISklllf'll (inelastic) ~ ~ fm if 9"fur.ir 
~ !1f[ ~ if f.-Jiif"'1fa <ITT: kllT ~ a-Gf ~ ~ q,:: aia-:­
Wlacfi if ~ CfTT" ~-Glcf-rlj'".-j"fff !1Trlf ~ "lWm, ~ cfiT<::UT am:-

" " 
fflUT-Glcf cfiT ~ ( decrease ) ~ ,r@ ~' ~ 100 c.fT<J t 
~fu-Glcf cfiT ~ ~ ~, llR ~ am:mur ~ ~ ~ 
t ~ ~ ~ t f'4R TT 20 cWi q-mrufr Glcf cfiT ~ 
sifot'41f<1a (substitute) <ITT: kllT ~ a-Gf am:~ if ~ <f>1" 

~-Glcf-,-,r@T ~ TT 20 cWi ~~I ~ cfiT<::UT ara:­
m-ol-Glcf if~~ .f@ ~' ~ 80 cWi t ftnrfu-Glcf cfiT ~ 
~~I 

ara:ffll!fur ~ <li'T ~: 
(Measurement of imbibition pressure) 

ffif:ffiUT-Glcf cf>1" ~ fcrlm.r fcrfw:r) ~ lTT'TT ;;mTT t I !'.1"'4"lr 

Wa- if a@":~ <fl1" arcrfa- if~ ~ ~ cfiT {tcfi" 1..1tf-rcfi ~ t mwr 
lITU sifcHigi:1.-t (counterbalance) ~ ;;rrar ~ 1 ~ fcrfa- cfiT 

~ m ( Reinke-1879) ~ ~ ~ 1 ~ ~ t {tcfi" ~~ 
~rJ (cylinder) ii. ;ifSif.-Jf(:1,11 (laminaria) t q-"if (fronds) 
<fl1" ~"Gefi ~Tit (discs)~ <ff am: m ;,;n: q-<fi ~ f:m:.r cf>1" 

~~fut TT '<-lclfil4 ~trr ~r f.:r~ (insert) <fi<:: kllT 1 

~ 911':ITTf ~ cfiT '!l!Gfi '<If--~ t ~ if ~ ;r,:rr I ~ti" ~ 
(kelp) t ~~ cf>1" ~ t fuq- f~ q,n~niefcr (mass) t 
mu ~ c?-t clfi, ir q-,:: M er,:: ~ ~ ~ ~ cfir lTT'TT ;r,:rr , ~ 

Glcf ;;ft ara-:mur t eRm ~RIT ~' aia-:mqcfi if ~ cff1- fer~­

~4:@T cf>1" ~tli q,:: Wal ~ am: ~ti" ~ aia-:~Tq<p if ~ t 
fct;mift~cf>1"~~1 

q <It! (ufl fcrfer [ro '4f C!@":~Jq11J'-~ 'll'fqf "IT ~ ~ I ~ 
fcrfa- t ~ ~ 7,1 le! Qll<fi ~ cf>1" IDcr rfilIT ;;mrr ~ ~ fclmUT 
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~ ~ (q<m<ofl ~). ara:~m ir ~ t f.f;m- 'iTI" ~ 'In' 
U<A t ~ ~ ~ t I ~ WfiT"{ t ~ cfiT q{jij{Url-Gl'cl', 

am:~ t ara:ffl11T-cmr t ~ ~ ~ 1 ~ ~ ~­

~ ara:~ ir ~ ctft- f.rn'<ur-Gl'cl'-'!'ffiT ma ctft- iilT ~ t 1 

~ qf<ftt1fa41 ir, ~Tftr-cmr t ~ ir f.rn'<ur~...:lfr@T, offi:-
" 

ffi'UT ~ t ~ ~ t wmr cfP.! ~ .ft";;ff cfiT 3@':ffl1JT ~ 
~ 1000 cfP.! cfcfi ctft- miTT 'In' mT ~ Wfim t I 



!31t'-41'-4 3 
q(l~l(QJ 

(OSMOSIS) 

<ITTf~ cfiT ;;r{i f<mr"1 Sil<ff4iafl it, ~- f<fcfdcfil, ~­
cfilfr~ztl, ~ ~ (nucleus) ~ "lli:iiioztcfi (protoplast) 
an-= cfilfflcfiT Nft:r it ~ ~ ij" m ~ ~ , cfiTfucfiT cfiT ~ 
;m;r cf>1f:11cfilS:cilfl (cytoplasmic) ,;r,:ac1~ (inclusion) cfiT @" 
~ 'illif ~ ~ I ;m;r, ;;ft ~ cfiT ~ ~ ~ t:, ~.f fcrf'ifnf 
srmmarr ~ q <m <0n ar1< ara:~ ;.i-m t wnif « ~ ~ ~ 1 

~ ~r (phase) ~ ~ Sl'fcfflll'T if ,;r~cfT 'cl"@"Jcr<Uf 

if;m;rcfil lflA"~<FI"~ (activity)~~~~ 
( specific free energy) in: f.r1h: ~ ~ 1 o-r ~ t 
mfcrcf; wrzr.r-fcrffiif ifi SIT~ ~ iim ifi of1JTlTRi ftr4Rf 
~ ~ fct.f;fucf ~arr ifi mar< "'in: Ffi1l -ra- ~ I i:.i-- ~ ~ 
~ 3icATT t ~ ~ '41' 3;a:rr -rfcfcfi (thermodynamics) 
am.IT< ctn" ,;rq-m ~'ffi mar{ in:@ ~ f.i;q- ~ ~ I 

mfhrcl;- ~-WU,:-f~-'J,l•Hltli•fi ii q-'hrr t ~ 
;m;r cfiT ~ m q~Hl (on ~ ~ ~ « @" ~frl:"ffi lTTifT 

mm~ 1 if>lfocfiid~R! (ce11-contents) t s:c1~foq; oo {hydro­
static pressures) if>7" ~ am: ~ m~ ~ <Fl" lfT cfTGtT-Glcf 

cf,l"~~ifi1~~~r;fl-1Tm- ~, 

~ l0srmra~cfil~~~~ t ITT1if ~~ 
~ arr< ~ 3;q.: mcrl:Wft ~ ~:a ~ ctn" in:a-~ ~1 ~. ~ fcro"<uT 
~ f.:nrm t ~, llfctu ~ ~U mriIBT « f.n:.r ~,ro m"1l:ITT 

(0 srfcrna-) ctn" arh" ;;rA <Fl"~ ~ am: ;;r{,f m- cfi"1 am:~ \1:.;q' 

;m;r m"1l:ITT ( 100 srfcr.mr) « ~ mriIBr (90 smrim,-) if>7" am: fcrITT'ur 
~ 1 ~ ~ ~ ~ (differentially) ~ f~ ~ 
u-TT~ififflW~am'.~~ ~~~ifi1~ 
ii ~q;~ fcro""<ur cti1 ~fu- ~. ijq ;;r{,f ftmft- i:i t ~~ f.n:.r ~ 
am ( o srfamr) <Fl" mrr f.ii 'J,j"Cfm ~ ITTtfi mU<fi ~1 « ~irr m 
ij''{qi ~ l1fCfi'U atw ~ I ~ qf(Oli+H•cj€-q ~ ~ riu arn cf,1" 
afr'< 3fTlfflif if ,t";ir cfftm am: lift smn: (expansion) ir cfTf:fT 

~ ifi\" ;m-q al (tcfi ~ ~ ~Ttfl I ~ ;;r{,f {lff wi:r fct;m fct<H lzt~) 
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cfi"T ~ ~ ~ ~~ ~ ~- i~ q{jij{UIT-<mf ~ 
Cffi!cf: ~-GTcr cfi&_~idl ~ I "' 

~ t~ ~~r ~cfi"~ cfi"T ~ ~. ~ 
@" ~ ;ft-~ ifi1f ~ I mt": ~IJT t f.t<rqy t 3f1,m-{ ~ ;ft­
~ m,lR" ;ft- 3TR ~ ffl ;ft- ~ ~ am: ~ ,ft 
amTcfi" ~ &_Till I ~ ~ ~ t ~ t m if ~ t Ri ~ t 
~ ~ cf@ mlf ~ ~ t f.f+.r ~ c:rm mlf ;ft- o1n: 

~~rnT~l~9""{~WcJil'~cfivrr ~ tf.ti~ 
cfi"T ~ ar'lf ~1 t ~ ~ ~ ,ft WITT< NW ;;w ~ I 
wt cITT" ;;icr m ~ ~ lJT f.f+.r ~ cf@ ~ t m if 

, ~. ~ ~ ~ ;ft- -~-..'q ~ f.:n:.r mrsrar « @" ~ mr: ~ 
~r cfi"T m,lR" ~ s1:&fi (dissolved materials) t~ 
am ~ ~ t f.:n:.r am ~ t , 
inm ~ ~ ~: 
(Molar and Molal Solutions) 

~ni ~t:icRTT if ~ t ~ ~ t smma- cfi"T ~ 
RilJT lflJT ~ I ~ ~~ 9TlJT lflJT f.t; ;;icr ~ ~ cJil' ~ m,lR" ~ 
'tf"{cfi""( ~ ~ it f-1+¾t>Nld RilJT ;;mrr ~. ml" ~ Glcf ~ ~ ~ ~ 
mm:ur qf.<f~ faifi it'~ cfi"JTT t m ~ '+IT< ;ft- 9;:fqffl ~ ~ 
~ t '+IT< ;ft- fcra<r mr t f-1cfied+¾ ti+¾i'lq1J'i ~Tffi" ~ I ffif: ~ ~ 
SITTfW ~ ~ ~ ilfqtiljcjjUfl' ~ cfi"'{ ~ij' Ri f.f;'a,rr ~ ~ 

~I ~~~it ~fuRTT;ft-,;rirffl~cfi"JTT c!TITT~ 

~, ml"~ ~~it f-1¥if~;.ia ffi 9""{ ~~TT~~ 
;ft-~ ~ q {lij {UTI Glcf (~ ~) ~ I ~&:i TT~ ~ ~ 
+i&_c:cl<J.Ui ~ f.t; q{jij(OTI ~.~it cfi'VTT ;ft-~ t ij+¾l1,qlc;) ~ 
~. ar1"< cfiUTT t WfiT< (kinds), '+IT< (weight) oTv:rcrT fflcfi"T"{ (size) 
~ ~ ~ t I ~ m,lR" f-;rnq-~ ~ f.raTn cfi"T fiP-;rur t, er@" 
~ ~ ~ f.t; "Q,<ti mi1fif it ~ ~ ~ cfi"T ~ t, llft 
~ cfi'VTT <fiT 'A1lf ~ atifmf, fcl~iltcfi cfi"VTT ~,. ~ t ~&:)I 

fcrMr ~ arr< ~ ~ ~ oo ;ft-~ cfi""<~ t ~. 
~ f<ti q(jij(OTI ~ it -:aor ~ cJil' Wif TT ~ ~ ~. ~ 
\I I cl !14 cfi ~ Ri fcrr+rn' ~ t ij'lf(.f 'i1TU it ;aq f ~ d Y,U,ftl fa cfi cfi"1llT 
;ft-~ <ti1" ;;nrrr '1fW I ~ ij +i lif%TT <fiurT ;ft-~ ~ mo rn t 

"' 



22 ~ ifilfiitcfitaJT ~ ~ t "@~ 

fu'l!; ~ ftl-ll-i4IC1l ml11 "'1' ;:;rr,f,TI ~!lcl~4cfi 3- I & 3fT1l'l'fcr:fi 'ilT(, 
0 . (?, ~ 

9;111J.3TT t ~mfT ,m: qffiiffi ~ ~= 'J,j 101 fc1cfi ~ ~ (fractio-
nal) fflVITqcfi fu;;-lr;:r1 cfiT ~ 'Ufu t ~ t: 1 

~ lffin:-~ lIT at'Tl@.f :RTOITqcfi-~ ~ ~ t:; 
f-.mit~t~@°IDlf sr[,r~~ir~~~. f-;@.rr 

~ m cfiT a1101f<1cfi ~ ~ t I ~ ITTlli ~ f<ffl"~ 'lfT 

,m: 'J,ITUTR<fi" ~ (weight molecular solution) ~ ~ 
t, f-.mit ~ @" IDlf ~ t 1000 IDlf ~ ;r ~ ~ ~ f-;@.rr 

Ffi" mcfiT 'J,j(Ulf<lcfi '1n: ~ t I ~ WITT"{ t ~ fcffil:R Hi«(Uf) 

fflffiilTT lf ~ GTcll ~ '+lf<IG4<11Ufl rn t ~ 3ffiTCfi l[~?{ ~ ~' 

~ ~ ~ffi'f_cffi ~-~ ~ Ffi"ll'T ~ ~ I 

~ ~ mrl"-W ~ & fcfi Ff.m" CRr~ cfiT fflUJm 'SITT 

~ '+ITU t lfTlf t ~ zyTT t: I -dGI~ (Ota: tm <ITT" '!!Tifm 
( C12H22O11} ;j- 12 WI! cfiT<r,f t, 22 (ll~~l"1'1 t, tri( 11 'J,j"°! 

mcRlM ifi ~ ~. -J,io: trr~ 'ifT( 342. 296 ~ t I ~ 'SfcfiT'( 

~ (C6H12O6) cfiT an~ ,m: 180. 096, art( (lt~¥1-s 

4•1f.1folll-1 ¾1(1~-s (Mgcl 2, 6H2O) cfiT 'J,j(Ulf<lcfi 'qT( 203. 34 
zyTT t I f-l '-ii if cfid ftT(UTT rff<T ~ cf@" aft'( fflwti ~ ~ "1"RTT ~ I 

~ <ITT' 11fifm 

~ I 4""00°! ~an1 
'ij"f( <ITT' ~ 

'ij"f( I- ~ ~~ '+IT( ctft"~ 
'qT( 

C 12.01 12 144.12 Mg 24.32 1 24.32 
H 1.008 22 22. 176 cl 35.46 2 70.92 
0 16 11 176 H I .008 12 12.096 

0 16 6 96 

' 

3if11Tfcfcfi,m: 1203.336 -
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~ gm q <• e <ofl ~ ~ i:r ifiVTT 'In" ~ t e 'I 1'1q101 
~~aft<~ <ITT"~ tcfi1JT (~ If< :R"Ul) ~~ ~ 
t cfi1JTT «~,nu ~ ~. ~: ~ ~ ~ rn t ~ F>rcAT f.ti" 
~~ ~ ~t'+IT< i:r~~ ~. i1%'1n"~t ~ i:r 
~.frr ~ 'In" ~ cfiT ~ <livTT c$T I WT 'St<fiT"< ~~ cfiT 

mw N/10 fcmtR ~qfu 0.1 i:ft ~ ~ ~ G]'q ~ <fiW 
f-i@",=n fcti ~ (Sucrose) cfiT ~ N/10 f~ cfiUIT ~ 

;p:ftf,.J; oo ~ if v.r <fi"T ~ e-'lTrf ~ t ~ ~ ~ 
fcr~Tt 18.l ~Jlf ~or m ;:;frc~ ar'tt ~ cfiT ~ 34.2 

<> ... 

~ ~ m ~ITT @q 1 

;;rcr ~ ffi~ fcr$f ~ ~ ~f.:r<li ~ ~ ii" ~ ;;mt ~. 
~ q(jij(Oi) ijjri@~ ~ ~ 9~ ~ ffllTT«:@"; '3'ij' m'ffl « mirf;' 
~ ;;mt ~ ~ Ai ~ ~ ii" ~ 'In" ml" ~ rn ~ I 
~cj;T{Of~~ Ri~lf~~<lT1J!Gl"<ITmacficfi"UTcA"ffi~ 
~(ionize)~fc11.i1fsiia(dissociate)~~a ~ 1~~ 
cfiT arur, -il"~ mfu;:mif~(Nacl), it~a- ~!I@( electrically 
charged)cfiOT,\ifl~~~~~cAm~ ~ ~ fctzi)f..ia 
~\iffiff~ I ~«~aJT<irr (Na+) 8'1i•;Wfi~~~31T(~ 

(cation)~~. <FilF-fi~~f.Nsr ( electric potential)i:r 
~t srirrcrlfiqra-(cathode)'!n" ITT:Cn ..fu cfiUIT l 1 ~ arr7R 

(CI-) -;ftOtk'lcfi ~ wm t ar"R ~011zM (anion) cfi~1.1ta1 t 
am: ~ ~ i:r ~ t srsrrcr if ~ (anode) 'In" ITT:Cn ..fu ~ 
t I W 'St<fiT"< ;;rcr ~ ~ ii ~ ;.i-rn- ~ a;.r ~ ~ ~ cfi1JT 

'In"~~ rn 'In" ~m. it .rr m'=T<ii cfi1JT cf'1T ij'cfidT i, am: 
~m <ITT"<ur f~ iIT<T ~ 1rum:vrr ~ ~: ~ ;.im ~ I ~ 
~, -il"«-~1.r~ if~t<t~-s (Mgcb) aNclT •fl2r.nll'l ~ 

( K 2S04 ), ~ ii a-rrr cfi1JT cf"I@ ~ fc41.flfsiia ~ ~ 
( Mg+++ c1- + c1- wrcJT K+ + K+ + so4- ) I 
~ ffi~ \ifT W ~ fct?!d~tqfod arr7R cf'1'@ ~ fct4lf"1d ~ ~ ~~ 
~(electrolytes) ~ ~ 1 f.mrk qf<ftl!lfa4l if m-ll"ff If< 

~lift 'In" m'l" (kind) ~ m, Hte <01 If( sr~ ~ t, ~ 
W Sl"TTcf cfiT ~ ~ if i1W lil'fqq I 
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qf(it '"1' ~ ~ : 
(Dcfination and Explanation) 

q(jij(Ui ,m- it'fi tif « qf('it((il ~ « ~ ~ ~ 
~: lfAT iiffiIT & I ~ TT ~ ~ ~ lflTif qffi t fit;- ~ mt-ITTUffi: 

,3'it" ~it@" ~ it m1ft uf@T t, ~, fiwm « ~ ~ ~ 
{Net Flux) ~ t 1 ~ fiwm t ~ tfm ~ si1c1t1<tt3TT 

{phases) it~ ffll@T ,;p.JqT cll1itf-~ t cfirolT ~ t 1 ~ 
~ Tf q (iij (01 'C!;cfl qf<ff~ t Gl1' fit;- fiwm Tf ({cfi ij f~qa I ~ 

(activity gradient) m"ffi t I 4•,lij(UI 'llT "l1i CfiT ~ fmrr;:a": 
~ t wrA@ ~ t I \;ftfc@" mrtiT fatfl.'~q'j 4f ~ ~~fit;­

~ cfil f~l,tia< ~ fflcTrolT fcrn-<ur ~ (process) 'ffl.T ~. 
~ f.r, rfi1iitl{~l ~it~ 4Tm ~ wticlT t 1 ~ ;,;i,ft d'fi 'C!;cfl 

~ CfiT ~ t: fit;- "!1i CfiT irirrf ~ ~ q {jij {01 t ~ ~~ 
~ ~ 'llT '1!4{iij{Uft irirrf t I 

i"~ {Bronsted-1938) t ~ 4(1ij(on ~ ~ 

---11f1-a-f<-'ffi ~@cti ~ ~ Gl1' ~ it fq~iqcfi t <m1qf-1ifi fq,r,.r 

( chemical potential) 'lit ~ ~ n: ~ fqvMcfi t 'WfA" 

rn t @it ~ ~ ~ I ~ti' WfITT: <ITT" q f('ill':l I fit;- q (jij {Of) ~ 

~ ~ ,uq ~ Gl1' fit;- ~841(•1+'4 fiwm ITTU qrorn ~ it 
~ ~ ~. f.:@r;:a" ~~1tilQ"1'1cfi t I 

q <m <01 <ITT f'!fillT CfiT ~ •11'1 f ect, m ~ it f-1 +-i if cfia ~ 

~ ~ wticlT t I ~ CfiT ~ l11m1 ~ '3«1~(Uld; 1000 IDlf 

(55.5 ~llf) "l1i Tf 342.296 IDlf (1 ~) '!!film t i@ ~ I ~ 
~ t ~ i:nm1 ~it~ ~ t <If°! t ~ "11i t 55.5 p 

WJ! 'llT ~ ('!!film +"11i) t 56.5 'WIJ: i@ ~ I ~ t f.fim-
mif lf 'It~~ TT~ <ITT" ~T ~ ~ t q(Jq( ~ l 
55,5/56.5 {'ll'mf 0.9823 'llT 98.23 srfumr) I ~ @" ~ ~ 
~ fc@<r,:r CfiT citfdfqcfi 'c(ltiq'-;Uq '!!!4 fq~jqcfi t cll1itf-<mf t ~ 
~ ~, aJR: ~ it ~ t ifu;r ~ CfiT ~ t I ~ ~ <fiT 

f.:rtJ1f (Roalt's law) ~ t 1 ~ CfiT ~ sr,rr,;r (mole fra-
ction) ~ ~o ~ ~ Gl1' srfi:f ffle'( ~ "'1i t ~ ~ <lft 
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~an-.:~tm1T~cffl'mr~~it-~ tmlf~ 
'P1" ~ t llllT t ffl ~ ~ I 

q (i'ti {Utt ~ ;j-~ iJ{\_c<l'J,01 av.r ~ ~ Ri" ~ ~ ~q 
'P7" ~~' ~T afl!fcfl P-!{114ifi t fcm"<.ur-GTcr ~ ~ 'TTITT ~ I 

~ m cffl' qf<f~fa 4" ~ rn crrw-~ ~ ~ ~ ~, ~ 
ifi"T <t1f-=ti4a1 m fcm"<.ur-~ ~ ~ ~ 'P1" am: 'P1" ~m 
~~ ~ cffl' am: maifi" ~ ~ 1 mr: ~ ~ m ifi"T arq-w ~ 
"' 

it' arfucfi ~ ~ ilfa- cfiZcfT ~ am: ~ m ~ir.r <fi1" ~ ffllrcA" 

~ GTef ~T ~ I f<ffl<A" cfi1" ~ ~ ~ ~ t ar'h: ~ ~ ~ 
~ ~ ~ <-IT9tf ~ ~ cffl' ~ ;;rr;:r t fu'o: ~ ~ITT t 3IB: 

~ f.n:., ~T ~ ~ 'P1" afR f<IB"(OT ifi""<ITT WIT I ~ ~ 

~ wn:r a-ifi" ~ WIT ;;icr a-ifi" fcf;- 4ITTifi" (mechanical) arl!fcfT 

s:.<l~faifi (hydrostatic) ~ ~ <t1f'1i4<:11 arl!fcfT ~ ~ t 
fcrm:or t ~ Cfi1" SI fa~g,f~a rn ;it, fuCl; ~ '1W ~ ,;nm I 3@' lt" 

oo Rmarr it" ~ ifi"T ~ ~ ~ mITT t ~ oo ~ 'P1" 
{llri:.dl~ ~ e+rR" '1W @,ft I 

~ chll f-1<f>l ID"U ~ GM Ri"4T -PTT ~ Ri" ~ ~ ~ 
RmaTT l1- eii1.Jat<J,oicfi 'Tfcr ifi""( ~ ~' ara-: ~ ~ 'J,1lT ~ ~ ~ 
af~T [rn ~ Cf( ofliqTU t ltiT(1Jf {\_IITT ~ I ~ qjfdfqcfi ~ 
~ ~ ~ fcj {114 cfi <ft;if t [RT Nm Cf< ol'lfil'T"{f ~ ~ ~ 
~ I ~ ifll"i!T;;:T ifi"T ifi"T"(Of ~ ifi ~ ~ ~ crm ~ B" ~ 
ifi"T m,m'{cfi" fcrn"{Uf ~ t I 

qu«<ofl ~ if~ ilit fc4Nlti: 
( Methods of measuring Osmotic concentration ) 
(1) ifT"t'q'-qlif ~ fcffu-
(Vapour pressure lowering method) 

~ ~ ;;ir<ffi ~ fcf;- ~r ifi"T '34 f~ fa <W>4" ~ ~ ~ ifi"W 
~ ~er~ t cfcJ~ (boiling point) ifi"T ~'ifif (raise) ifi"W 
t I O.ifi" ~ ifi"T cfTmf m WI.:rr cfcflf'1T<fi (boiling point) 
mer rn TT ~ m,:rn ma ifi"T m ~r ~ , arcrrttr m 
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( non volatil~) ~ ~~ (non-electrolyte) ~ 
~ m+T ',jjOjfqifi ~lf,'f [fU ~ ifiT ifcl•F'liifi 0. 52° «. '3"R4cf 

(ralsed) f<fi<rr ;;rr ITTiITT ~ 1 ~if ~ <!i1" lf~T ~wsrn1iz 

~ if; fu~ ~~ mer cfgcf cfi1t ~T :aimtr it ~T<lT ;;mfr ~ I ~ ~ 
fqfu if;~ t~ miTT iHU :aiNTtr # mir ~~I 

~if ~ ~ ~ # mer 011<: mm fcrnlA) t mctf~ 
qlUl GT<if <fi1" ~. 51clfcfi <fi1" t:!;'Ji ~ ~ .fm # ~ ircr ~ 
~ (column) <fi1" ~ # ef~ ~~ (observe) <ii<: 

<fi1" ;;mrr t I fcfim r_i;cfi tflfR aTlfm.f t:f"{ ~ ~"{ (weaker) 
~ ~ ~ (stronger) ~ <fi1" afn: art-a-rt 5fcf~ <TTm 
am: ~t 'h~fi:1€-4 <i"fucfiT (tube) if; 3R"{ G'.T<rT ~-i:m ( columns) 
<FT ~~ 1t ef-:cffi<r ~)m 1 

<1- CfiT<ffinam (procedures) ~ ~ ~ (fluids) 
lIT ~cnf (culture) ~ ~ rn:r~r G'.Tif <Fl' f.,ar~ 

(determination) tfi-A if; fui:t ~t:f<f)n- # ~r ;;mfr ~, ~ 

"€-If ~ q--.:rn~r G'.Tcl" t m~ ~ t ~ (colligative) 
TJT TT 3l'rmfur <!i1" irift ~ 1 ~;,if ~ C% ifiTqfqfcr cflUT ~ m 
~ ifiT 3lcR+frf ~ ~ "{~ if; f.r1f'f TT muTfur ~ 1 ~ Wllf 
cf<:TTTTiJT ~ f'fi ~ G'.Tcf ~'. <F\TT, ~ if; liR 5f~ if; ijJili4iffi" 

~~I 
( Po - P) n2 

P - ( Il1 - n2 ) 

~ Po arh: P ~: f<1~14ifi am: fcrnlR if; ~ ~ 
~ I n 1 ~ n2 '!film: ~ ~ f~ if; ~aft <fi1" ~ t I 

;;ref <Fl'~ ~ ~ 'Rqf ~ f'fi f<1 ~ 14 ifi crri;q- ijij" if; f.miii 
ifiT qn;r,:r ~ t am: ~ ifiT mTirifi (partial) ~101fc1<li 

arr«R (Vo) G'.Tcf ~ ~ ~. ~ ij"cf ~ ~ ~ lfIBT ~-

q-um11fr G'.Tcf, P = __!l T 1 n ~~ 
Vo P 

~ G'.Tcf <fi+r cfi.::if <fir fcnam ijjJil•4ct: Sim~ 
(experimental) rrGJ"-T t cfftlf G'.T<r ifiT ~ ~ if; mer 
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fcrfw:rr ~ I 

iITT1R ( Barger-1904) if t:!;cfi" hfu S1Wlfcrn <lfl" ~ 
rist-r (Ursprung) ~ ~ ~ if ~qiafot f.f;lrr 1 ~ fcrfu 
SJm~;,p ~ ~ ~@ q <m (oft G1cf t 11Fr-li (standard) 
~rt~l1TT"~ifqf~,m-lfr!R't~f.rq-( ~ 
~~ITT if f<i€H11i-ll ~~I ~ fcrfrr ~ m~ ~ ~. 
<flrtffi ~ t~aff ( capillaries) l1TT" m~ (inside) 
fuft;r.m;r (silicone) ij" ~ (coated) l1TT" ;;rr ~ ~. aft"{ 

~ ,m- m if arfacti qf~:aar ( precesion) 'ti'~ ~ 1 

(cf5') 

ITT - <TT(tf( fcrfa- t ~ q~ oo ( q (l'tl (Ufl oo) 
~r ~ rn t ~ \TU ~ ilf~~ I ~mr ~ ,m- ~er 
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am: ~ fcR;r7.r;r cfi7" fcr;f;tJf ~W«r ( diagonal shading) 
Ri<1T tr<rr ~ 1 (<Ii") ~ (uncoated) ~ (~) fof~cfil.f 
~ (if) m1f cfiT qfu«f (variant) ~ ~ i a:iq<c:11;; 

~ cfi1'6o il :ifRf ~ "'1" ~ (series) ~ 1 ~ ffiITTI' Q% 

~ afltqf ~ ~ ~ t I 

ifTffif am: ;;i1Q.rtte.f ( Baldes and Johnston) "'1" fcrftr 

ii \TT~~ mi~ t , ~i it~ T'11 (thermocouples) 
!i« Wl'iT( Nie ~ iaf@" f mf.fi m ~ ~ mto ~ ri am: 
~ "filiW: Sl"ql•llcitcfi ~ ~ ~m1f,rn (distilled) ~ cfi"T 

~-~~ w cf!" ~1irr ~ cfi7"m"(Uf ~~ ~ cfi7"~ 
mi (moist) ifi1tio il w fG~ mm ~. arr< ~ ~ cfi1" ¥ ij 

~f.ra ~ ,ij'@T t 1 ;;icr ~ ~qrlff ~ ( steady state) ~ 
~ ~' ffl~~ ( thermocouples ) mwrrtrr ( galvano 
meter) t ~ ~ ;;n-~ t, am: \ill' fcru4' ( deflection ) 
f~¼\"lll(f ~ t ~ ~ ifi 4{i~H_oi) ~ ifi ijJti<j.4kl~I ~ ~ I 
ai,w,i'ta..y- ( calibration ) mer q <m <ofl ~<J t fctl>tll•fi % ~)lr 
TT m141f@ ~ t 1 

~ (Spanner-1951) ii"~ fcrru-~ ~ fcti' cJT64" cmr 
am: f<r ~ ~ lJT ~ ~ t ~ TT R'fl"{ cfi"mT t I ~ Wa­
lt ii\"lfcii< Sl''1Tcr (peltier effect) ~ ,aN-~1inr ~ ~ 
STU (current) ~ ~ ~ ~ ~ w;l ~ fc1fa- cfiT 

~if Ai"tfT <11TT , ~ t ~ if ~ 'llfl'ffi;r,;, mu (junction) 
TT oil« ~ (deposit) cfi<aT t , :;f_fcti' armicfi" ( dew point) 
olJT1icfi" ~ cfT'(;q' ~ !f'{ f.rih: cfi<aT t, :ITTT: ~ ~ 
(estimate) 'li< ~ ~ 1 ~ ~ cllf!+i-s\"I t m~ mer 
4{1ij{uft <ml' ifi ~ TT <tllt+i-s\"I ~ ~ ifi fcf1rtrn Ul{i4141 

t 'fl"olfAit 'fiT ai•mii'taor 'li< ~ \iffifT ~ 1 ll"JT~: ~it~ fcrftT 
~ ~ ~, ~ ift- ~ ~ cfi+f fcfi<JT irzrT t: I ~: 

~ ~ "'1" cfrm ii "itiT ~ ( in situ) &ioclit "'1" ~vr GTal" 

~ IDa" 'li<il" ifi ~ ii \"l"m ;;n- ~T ~I c!Ws~ ~ 
;;ft~ ifTT" f<rf~ 'qffifq ii ~ f.t~ ~ ~ ifTT" f.i GT rlf_ 
;gp;f@" '3t'fcfiT G {lij <01r <mr ma rn t ~ @ ~C@' ~ I 
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fE!+ficfi+tNl fc(fit: 
( Cryoscopic method ) 
~ it ffi"ll'T ~ c:m;rr cigSl-qf\'ld ~ f~'1icfi'1(q'1 

( cryoscopy) t 1 ~ ~ ~ fct; fcrazr cf>i" '31m:efa ~ cfiT ~ 

ifilf ~ ~ 1 ~ cfilTT ~ ij cfi"off cf>i" tr~ i'i ij'1(1q(ffi ~ ~ 1 

~ ~ !liT ~ITTcfi f11aifo1 ffl, ~ mrsrar f.ta'ifw cfivlT 

~,rcf ~ I ?ITTr: ~ q <HI {OTI GJq ~ fflij' fct;zrr \ill ij"cfid'T ~. sill 
fct; !f<Ttr{OT <!TI" cfffiffcfti qf(ff,qfa4'j ~ ~ ~ I °C!;cfi ~. 

~q{1ij<ofl m 1 iJfffi-ft ~~-1·86°~. t ~ 
q"{ '1f1ffiT l I <JR ~ fcmr'Gc ~-0.93 °ij". q"{ \'il1raT gffi 
tfTllT ~. cfq" ~ ~ ij 0.5 ~ t ~ ij"~ ~r 
off< ~ 1rmr(UrT cfiTGo ij 0° ij°. TT 11.2 cfTlr cfiT GJq '3'~ .., 
~ ij"cfidT ~ I 

'C!;cfi ~ t ~ TT ~ off< itij' SI icif,q 13! T ~ en: 
~ tqp;q- GJq ~~~I a-!~ off<~~ t ~ 
cflti!f ~Tif, d1tfliA' ~ (curves) ~Jcf=cfi'Ucr ij"+i'Ar,m- ~ l 1 

?ITTr: 6 T / 6 P = Wll"Ucfi K ( ~ 6 T = ~ ,;rq.rq.r 

ofr< 6 P = cfTti!f GJq Rl=ii" cfivlT) , ~ me ij+\lcfi<u1 it 
smw:nfqo ( substitute) <fiB" TT -

6 T = K Po 02 

Il1 + Il2 

t!;cfi ..;:ifc1l1"'1f-ild (undissociated) ~ t K cfiT ~ 1.86 ° ~­
srfu m ~ ~ I 0. 0 ij". TT Hiij {ui) ~ ( p ) aq ~ij" ~ 
iIT<TRzrTiiITTITll 

6T 
p = 22.4 X 1.86- = 12.04 b.. T 

'C!;cfi m .rm ij 'C!;cfi ~ w RzrT iiITTIT t; mcfiT 
~qi"cf; ~mr cfivTT ~ 1 ~ 'C!;cfi ~ iim ;t ~ miT iim cfi) 

w ~ff ~. f~rnt 'clT<t m"< ~-u fir,sror m: RzrT iiITTIT t 1 

d1tfl{A' m=t-m ~ srro=~ ~~I ~.,. cfiT ~ fq~lfsd 

(stirred)~ iiITTIT t arr< ~~ (crystallization) t 
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!ffur ~ ~ t ~ ~ t ~ ffitl'lrlrr ~ t, ~ f.li m it 
fG:€Milll ifll'T t I 

0 

-1·0 

15 
• 

-2.0 

'i 

-3,0._-------~--------
6 15 

m 4-~ ~cfil" t:sr~~~cpl"wefa- if ~t~ 

ffi!1'lTTrr CfiT (1Rq~ I T1 ~ cftfi \iflffiT ~ I T 2 ~ ~ iff~ci!U.-j 

( entrapolation) rn ~ c1mrfcrt. ~t<fi CfiT ~ (estimate) 
i@"r ~ I 

f-1~'1<:1¥1 <:11rn (T1) am: crtfi m ~ i1R <fiT ffitl'lrlrr 

(T2) ~a- ~ m<f!lll'Cfi ~ I '{f.fi ijj¥jjrljij; '.!:'~ m~~ 
(supercooling) ~ mor t, ,;ra-: ITTrn T2 q~ t ~ cr~ 
fc111zr,; iftra<F (original) fifflzr,; ~r ~&TT ma-'fi fflR<:I" (con­
centrated) ~r ~ 1 ~ am: q)m ( Harris and Gortner-
1914) irru ~ ifll'T ma.r (correction) ~ ~ mmfur 
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~ f.ii" 3,!fo!!flMM "11" srre fu;;rr t ra~ ~lf'11T m:r <tiT 1/80 m1T 

im" cf,'@T ~ l am-: ~ ~ 'J,\cliil-FI !:::,, T R'llT \if@T ~ I -

6. T- T2 - (T2 -Tt} 
- 80 X T2 

~ ~ it' ~ <ITT" ~ "Ref~ ~ ~Tm,il ~ ~ 
(frequently) ij" m: fc1&11fq,;1 (eliminate) "11" m ~ ~ 1 

w ~ ( Bennett-Clark 1959) ~ ~ a1;;1~141 f.ii" ~ 
'J,\141sl~s 11r f~ f~ "11" \Ti@' m <fi""{ ~ ~ 1 

~ fcffu" oli'N"fi ~ ij" fcrf'~ cf'WT@' '(ID 'Ill q(jtj(Of\ mr'sr• 

~ f.rt:nfur rn t rnct ~m ii ~nft inrr ~, ,rorr ur <tiT 

~~ (composition) qf<c1aii f~ fcRr ~ f-1efi1~'i it' 
f.r:~ <Frqir 'Ff~ f.TITT ~ 1 ~ wrr il"4T ~ f.ii" "11P.wfii <tj 

( cell sap) ITT~ ~ ~ ct,1f~1<fi13ft cfiT ~r fcm:r wrcrr 
~ ~,-~ f.rfu lITTT m1cf ~ @" «cft'a'lr ~' ffifcf; ~olfT 

(protoplasmic) ~ rTCc "11" m ~, ~ ~ f~'fUT 
( entraction) if ~~ <F=ttrr 1 

cf~: ~ (residue) ii" B" m cfiT ~ cfiBT ,,i 1c1!!4efi 

<rITT ~' cflfTf<11 ~ gl"!; ~ s:c1l-iiif~a (macerated) ~ <tiT f~ 
tj"JcTT ( directly) f.rmfur (determine) fct;m ;;rr ~ ~ 1 ~<ii 

oTf~"< ~ f.rah:or 1fi ~ 2 fm:fr. m ~mt mirifi m wrcrr 
~«r"< ~"4'liR (pulpy mass) <fiT ~ •-llcl!/4ifi ~ ~, 'J,\cf: 

t:1:'F ~ cfiTf!lm "11" ~cTT tj I iJ I r4 a : ~ fcrfu lITTT f.rqtfur ;r@ 
"11" ;'ill ~<f.ITT I ~~ arfufffir ;;fi:f S:U fcl"fu 'FT ~ ~ ;;r@f 

~' crer <filfu"fi'T f~, 3fc1 <lifiW11if:'r HR ( intercellular spaces), 
lfcf efiW-11<fi1~· 3fT( fcrf~ ~an qf~ ifiTT!IT<film ij" m:r 3{"~ 

~ Wffif ~ ID~ f;rf?_-,a- 'PB ~ ~ I ~ ~Ci<fil lITTT 

~ ferfa- 'Ff ~ ~q if ~ 1Fl'f ~ ~ Uf 'Ff f-1Gefi~Oj 

;r@ ~TcTT I 

~ f.rfu it' ~ (intact) aicf'F <FT ~ fcrfwn lITTT 

f~<ii 1fl'TT ;:;m:rr ~' ~ ~ f~BcfilU ~ ~ mer-~~ 
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(thermocouples) '{i1lT Rit ~ ~ 1 zy f<ffu 1f ~ ~ t 
fit> cfga ij" ~ (samples) t ~cfi (readings) ~ ij' 
a-N-~-T+IT t ~~ (sets) am: ~ crgfR:;:r ( multiple 
switch) t ~ iITU m~<f'-fi m \;fl m ~ I tll+i(r4a: 

~ fef<1 ;;ftf.:rn- 3,cfi'fi" cfiT ~r;:rnr i'fi"r No;f lTT1:f m ~ I cfll"lfcfi ~ 
~1 ~ ~ rG(Si{1141 ~ f.!;- 4~ ~ a1~ m!:T<F~ ~ 'fir 
~ ~~ ;f~ w fiiCcfi'-101 rn i ~ m [Q: ~ 
~ "17" ~m m!:Ti'fi" ~ t 1 ~~ ciin:ur ~ ~ f.t;-~ 
<ti'inllcfildiT t ~~ (undercooling) "17" ma<ii ~mcr,;r ~ 
~: ~ mrahcfi c.rri rn ;f ~~T ~ cfTm "ffi,ffi" ~ I 

~1c:caU1~~1 fef~ : 
(Plasmolytic method) 

w.frn (Devries-1884) ~ ~ "SI"~ "1lq~oll'.t=.:t•fl· fcrf!:T 
i'fi"r ~ RilTT 1 ;;,')q~oll'.t=.:t.fl ,;rf,tj-, fmrn>T -m (vacuolar 
sap) t q(ltl{ui) oo cf>T 1f11RT rn t ~ W!m ~m ~ 1 ~ 

~ 'Sfcfi"{UTT l'f cti~,r~1cf>id~{1diT ( Cell contents) i'fi"r arrf!:T<m 

oo-fucfi ~<f ( excess hydrostatic pressure) lWA" t m 
~ 1f ffi"!f ;jfIB ~ I f~ lf{ffi"{UlT ~ i f.nmur it fu~ 
~: GT ~~;ir fcnwrl ~-, (<F) mi:tm (limiting)~­
~ fcif!:T (<if) ~-~cfi (plasmometric) fcrfcT 1 

{'ifi} ffl1mf ~~ ~, fcnu: 
( Limiting plasmolytic method ) 

~qir fm 'Q;if; ~cfcfi t m cfiT ma ~ ~ ~ 
1f ( ~ sqfo1q{11 (nontoxic) ~ ~) w wn ;J!TITT ~ 1 

lTfu ma ~ "17" mrsmr 3,cfi'fi" t aA"{ 'filft!Ptil <a <ITT" mrsrcrr 
<ITT" wrm ~ ~ t, rj1 ;;re 3:jcf'F B", ~r f..~ mr 
m!:l'ii m-=m ~ .rn;;i f~zr.r i'fi"T arR ,mr"< ~ mm ~ 1 

zy ;;re "17" ¢;, (loss) t i'fi"r"{'JT, ~c,~ ( cell contents)_ 
~-fmwir ij" r< ~ ~r, arr1: ~.:rt m:ir ~ ~ ~ 
ffitff I zy fop cfiT f;;rnif; 'li~ fmn B" \Jff~cfi wr,r:r,:r 
(withdrawl) ifi"{cfT ~' ~1:<4~=.:t-1 if;~~~ 1 ;;r.r f\Tfu ij' ;;ftcrs::<Kf 
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~ Sfcli1"{ ffl ffilfT ;;nm t, ITT!" fqfu t ~ ~ cfil"{ ~ ~ 
'ffiicTT I W ~ <TTW f~ ~cf ~lklfofi fcr~ cft1 'RIB~ 

mril:ITT ~ ~ t I 

irR" mm R> ~ ~Ta" ~lR 'GIT R> f'ffii ~ ~ cfiT 
~WITT~. 0.4 +r). m;1tITT ifiT ~ 1 '3;@": c[ffiiq it infucfi (original) 
cf>lfQlcfiiUI 0.4 +IT.~ ~!ITT <fil:r fili'i::ITT ~ I ~tf.t:; ~ ~ ~ 

~ ~ <In" ~ tj-~ Ri1TT t off{ f'ffii t fq'lf4 cfil"{ ~ if@ 
t I ar-n: ~~ft srcfm: ~ ~ cfiT ~ 0.36 +IT. f~ ii w~ ~ ~ 
~ <i?i cf,,fQ(ifil~ Gtlqi;.~1:F-.:1ct ,,if iral, ITT!" ~ ~ ~ ~ R, 

cf>lfiilcfii Ul <liT ~ 0.36 ~). ~ arfucfi ~ I W 5l"cfiTT f.ralAl "'7" 
1'..% ~w cfiT irtrnur ~. 1:% w sr<fiR t ~ cfiT m F-1cfi1\'l,i1 

W'T<f t m f<t; cfilf"!!TifiTW ~ 'f~-m ~a.: (stronger) ~. 31'\.;: 

m f<t; ~-m "1lqs:~~'q,j ~ ~ 1 m srcfm:, w 5l"'fiTI: cfiT ~ 

~ qr,rr ~ t, m ~-m ~(weaker)~ ar'\.;: m ;;ftcr­
,~~'q,i ~ ~T cfi~ 1 ~~ 5l"cfiTT 'ff! cf>lfiliifii3tT ~ ;,;m 'ITT"~ 

cfi<:ff ~ ~ f~ ~: 0.39 31TT 0.37 ffto ~ I ~ qf&-~fu 
1r <ilf!l1cfi1 u1 cflr ~ ~ cfR1 f.rnlAl t irw ii ~. m fcl; 

~ afffio rn ~ ;;ff~ t w:rm 0.38 lTTo 1 ~ ~ 
(threshold) m ~ srro-m (incipient) GtlqS:~~'q,i 

~ Cfi7" ~ cfi~\'1(-tl ~ I ~T ~ ~ ~ ~ Ji~1:q'J_Oj ~ fcl; 
srTzyiIT "liqi;.~'.i'q,j t ~ fq"~ ~ f'+lfu t ~ 'fit{ <ml' if@ 
~ITT am: ~ ( turgor) Wlf ~ t 1 

~ ~: ~ ~ fo W fqfu iITU <i~ctl'l4ifi ~ f.i;m 
((iii" ct?tfucfiT ~ q ((ij <0fr Glor cfiT '!_{-Cliifi<\ if@ Cfi'.;: m , ct'lfffifi ~ 

~ ~ cflWIB 1:% ~ ifi"'rfuifiTan "'7" ~ (population) 
'ITT" fflc{W'tim eftcft ~ I 3{"ct': 1:% CfiTfuefiT ifiT q ((ij (OIi Glor R'f>~ 

t ~ ~ ~tc ifiT in'el'.f 9((ij(Uft ~-r F-1cfi1\'1a ~-. m f<li 1:% 
~ cfllTTfcfiT t q (jij (Ufl Glor cfiT cfi'Uof~Tof ol'fi @ «<@TITT ~ I 

cf>lfoifil3tt cfiT ~t;c; ifiT ~ (mean) 4<1,a<ofl ~ ~ 
<Ji<:~~~ m~~'1 cf>lflliifii3tl ~ ~ cfiT mer 9((ij(Ofl 00 

oo fcrw:r.ri m ~ifi ~r ij ~ '3"ij" ~ ~ ifiT 9'UITT1'TT 
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c:r-r fflcl' CR ~ ~ I f-;mii cf>lfltlifilti ~ Gn4i:oq'.!J'i:fii f<:ca\'llal 

~, ~ ~ "!)qi:oq,;i'i:fii fc:€:M1Zi cnm ..,,r:11cfi1811 'fir srnrmr 
fflcl' CR ffllfT '1ITTIT ~ I fiID srCfiT'\ cf>lf=ilcfiidfl <ITT" ~ ifi ~ 
'11!if CfiT ~ ~-~ mer CR ~ ~. ar'h: qf<u11+l'i cfi1' vrq; 

4"{ ~ cfi'"{ irrtll' ACfiffi fi;rlrr \iITTl'T ~- _;ft f.t;" ~-Cfiuar ~ 
~ ifilfirCfiT ~ ft c:r-1' cfi1 ild\'I 1q41 I I 

'<if.t; rra:- fcfw \1"141:ti:.4 CfiT arrfuqcfi' ~ ~ ~ if 
~ ~,· ~ ' 

0° ~- 4"{ 22.4 cfT1! 4{1{1{Ufl ~ ~ t lfllli ~ ~, oTd": ~ 
~ q f<ifi\'lii ( calculate) cfi'"{ ~ ~ f.t;" ifilfirCfiT cfi1' a11e fc1d' 

( distilled) ~ if ~ !fl:: f.t;"d"'1T q <Ie <0n c:r-r ~ ~ 1 

~ d'fq1rr,i t ffi'Q;, m 4"< ~ifi ( readings ) ~ ira t 
~ ~ m<illlfifi ~ ~ I ~ irr.ffi gQ; fifi 41~~icfi 0° ~-
4"{ ~ ~ ~-, arf~ c:r-r 0.38 X 22.4 = 8.51 qf1! ~irr I 

~ ~ ~ ~ ~ mRf ~~fit;- lfR 0° if. 4"{ 1J;cfi' cf>if:llifil 

'3'ffl ~ 4"{ ( am: ~ ~ ~ 4"{ ) \11{1 Feld ~ 

iii ~ ~ if ~ ~ ~' d'i£ ~ f<l-:J+llii ~ ~ <ITT;T 

\IMifid+t c:r-r ~ ~ 1 ~ ~ ~ ir ~a 4R-afc1ifi fc1-:.i+11ii 

~ ~1~1 

cf>lP-tiifildfl cf>1" 4{jij{Ufi e1.-aa1ct ~ rn iii ~ 
\Jl?14S:oq,;i'i:f-1l fcffu ~: ~ 'I"@'~, oflTTFfi ~ ~ 5Ain: ~ ~ 
~A" cf>1 {14-1114-tl ~ ~ I ~ ~ 'Ill i'{ rn iii ffi't!; ~ ~ 
m f.t;"q ~ ~-, ~ sr~ ~ f-1i.;iif,t,a ~ :-

( ifi) ffi f.t;" ~ 'Ill fflcl' ~ fifi ~ SAITT: <ITT" ~ 
..,,f=11ifi1ar1 ctfl" ifilfuifir f~ fcrf~ atm ir ~ (elastic) 
itm t, d'q ~~ ~ ctfl" mfcr Frorr m ~-ffl'i 

~ awrcr.r m fT£~ , ~ •tR-tfcl€-4 ~~ \Jll4aoq,;i'i:fii ctfl" 
df<WTT ~flf m'it.ft ihlf=ilifiidcl~ <ITT" «FsraT ~ I W «FsraT 

if qf(clctii 'Ill ~mr rn t ft;t-u; ir'l'ft;rifi- (original) ffllfd'if 

'Q;<r srro:m ..ri q i:oq,;i'i:fii cf>1" ~ 4"{ ffli'd'+t" aJTlfd',{ ( ~ f.t;" 

~ fflcl' ~ ~) ifiT iifFAT \llq~4ifi ~ I ~ ~ ~ 
SAITT: ~ 1 mini'ZI' (normal) «FsraT = srr<im \Jl?14aoq,i'i:fii 4"< 



_q ((ij (0( 3S 

<Ei1"iffiT ~ srro:,:rr '"llciS:o!.f'.i=.r.r ~ oTT1«1'i /~ ~ <tiT 

am@rf I 

~ C = ij"Raf, V = ffllffi.f, n = ~. an-< 

i = srro:ir Gflc1r: .. q~=.r.r I 

(~) ~ @~ ~ ~ (bathing solution) 
ifir fflrs@l, ~ t sr~ '"'"1c1s: .. q,I'q-, ~ ~ ~. fcm"(llf 

Sfct11('ITT ~ ~q- ~ '1fTm ~ Ri '"licli:64£'q-, ~ ~A" t ~ 
@ cfi('tfil" ij'lt'lf clJiffif ~ 'if'iT ~ ~ I ~ mm ;l- W ij'lt'lf cfi1' 
4i<iif>"ii;a (standardize) Pfill'T ~. '"11" Gflc1s:cq,I'q-, ~ cfi' 
~ 20/30 fir-R: ~)or ~ ·1 ~ lfn' 41<.<i'-ltdl if oRJU cfi' 
cffiUT lRJ"fif w Wfi11: ~ itl<i<filifi<o1 ~ f.ilh ~ ol'cfi" ~ ~ 1 

(11") cti'lNicfil&i'i i'fi1' \JflciS:c4:g'qrl illmT ~ :a,,=s:-arari -q ~ 
atcmr ij'cfi m ~ cffiUT '3'ifcfi'T ,11-t1foti «R@T ir qf<c1aii' 

an ~ t·, '"11" Wdf'(cfi ~•o~VT cfi' cfiR VT liGT ~a- t I "~~11@": 

~r-f CfiT llT'W'(T if qf(qdif llT ~ f<:ITT'@" ~ illT ~ if 
qf(cjdif I 

~ :acr ifif6-,1~lff ~ ~ m Gt1c1r:cq,I'q.,1 fcrfu if 
~ ~ i" I arr{ Wlf fcm11n 'Ill' aRIITT ~ ~ ~ t I 

m 5 ;:;fjcracq-~ fcrf~ illT ~11" rn ij'lflf ~'lf'a" 
f.rnJR, '"11" qifi" ffifcfiR ~ t f<fcftlcfil 4ml~T ~ 'Ill' 
~ rn t ~ dllclfWfi ~~I 
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(v) wtc1s1,.q~ f.nu-
( Plasmometric method ) 

~fcrfu~~f.ppr~,t,1"~t{'t ffi 
i11a1f<a ~ (PV = RT) 1 ~ '3"ij" ~~~(applicable) 
~' "lof Sil (f4-'Slcfi cfiTMif,T f<f~ cfiT ffl'l@rf am: fflij" ~uft 
~ t ~ -q= Gtictii.oll$i-i('1 t cfTC:- cfiT am@if ~ ifi'v!T 

~ ~ I cf~ ~a- Pt = Pp Vp/Vt ij' <roflIT ;;nm i, ~ 
~ ~ lffl ~ I olj1q<'f; ~q- ij' ~ fctfu ~ • fct-i( I (ij•id 

(reasonable) cf~~~ a~ ... •cfi•< lIT iftm (spherical) 
cf>lFliicfi1a<r ~ m- ~« ~lf<f mq cti'r \ill Wfi"ffi' ~. "R fcti \J(Jciii.64i-.1<1 

°' 
ifi'T 3TTcfiR ~(convex)~. ~ fifl m 5 (~ 35) if 
f~<li\'lllil ~~I 



A.~" ..... ..... " ~ cf~~ Rill~I ~ I~ I ~ tfffll{{!fl 4 R'l ll!T 
(Osmotic quantities of plant-cells) 

qmtlt{T ~ ~: 

(Definition and explanation ) 

~ ~ ~ ~ 1% oo it mm ~ ~ cfcfi ~ cfi1" irra q"U­

m:iirr afu: am:~ f:t,i-11f<1folll ITT"U ~ cfi1" ~ ~I~~ cfi1" 
irfu cf>1" ~ ffi;l ~ t 1tifocf>14 qf{itlofi-q(iij(OTT <CTil', rnfcr 
<CTil' afu: ~ <CTil' ~• it ~ ~ ~ cfi1" ;;iT ~ ~ I ~ ffi'ilT 
qf(itlUrt it ~ ~ 'm ~<ti" ~ 4furroT ~ ~ ~ ~ ~ 

mm i ~ ~ cfi1" ~ ~ ct,"( ~. m Slcfir( 1% 
fctij(Ulctl mT-fcrfu" iiTU cfi1" ;;iT ~~I ~ ~ t ~ ~ 
cfiT ~ lj_o;-4icfi-i (evaluation) rn t ~ m;ff CfiT ~ 

(magnitude) ;;ir;r,rr ~iq!Mcfi ~ 1 

~tra ~: 
( Turgor pressure ) 

\ilcf ~ ~-~ cfTffi" f<f<fficfii'ict (vacuolate) ~ 
~ <ITT" ~ wrcrr ~-i:rmru ( hypotonic ) ~ it 
f-iitf>Nlct ~ -;;rrnT ~' fil ~, 'cfiln!TifiT it 4(iij(OI iirn ffl cfi"(cl"T ~ I 

~ i mm it ~ i cfiT(UT ~ <CTil' ~ @m ~. m ~ cfiffiTcfiT­

w it tfK'rT ~ ~ 1 ~ <CTil' ~ t fw am: m mm fufu t 
fcr~ WITTf cfi"(cl"T ~ I ~ q I~ fctcfi ~ -ill Ri" ~ Slcfir( cfi1" cfiffiTcfiT it 
~ ~rcrr ~. mm~~~ , ~ ~ it~ q ,~ rc1"' ~ m 1% 
~ 'flTraCf, 4((ij(Oj WllOO it~ @m ~. ~-Glci ~~I 
'\i~(t!_<O(ct: ~ ~ t ~ ifi1" ~ ifi1{11f~4'1 lfT ~ 
(collodion orcelluphane) ~ifttfura m~~ f-11-tf-KJtct 

~ !f< ~ mN-<CTil' ~ if \jffilT ~ I ~-Glci 4(lij(U( SIOlifolft 

it cti"m-<fi'TT ~Olk4cfi lfR" it ,ft-~&, -ill Ri" foi:.,if<fict fcr<IR ~ ~ 
~ ~ I~ ;ncr '!fl'iG cfiT ~. ~ ~ t ~.\lt &1 ~ l, ~ 
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~ ~ 51011f~4"'j ~ ~ 3@":!ITT'fOT <fr TTfillT it; cfiRUT ~ ~ ~' ~ 
~ f.mr;r wm: <fr ~ cti)r.llcfii~T ii" tJTl{'T \ifffiT ~ I 

. '4ftlii1i-4a1 (preferably) •« 4<1:e<o1 ~ cfiT ~ (term) 
\1°ij" cfTHl'f.lcti ~ cti1" W@' rn it;~ i:j-~ ffilIT \ifffiT, \ill q (I¼! (Of\ 

SjU(lf~4l 'f ~ ~ ~. ~ ~ ~ ~ ~ ~ I~~ cfiT ~­

~ ~ milR" t ~ ~ 1r11IT cf,1" ~ _(index) t ITT< 
If<~ \ifffiT ~- m (Meyer-1945) i '3<:l~(Old: ~ii"~ 
Ff ~ cfiT ~ (aqueous)~ 25 ° «. If< 15 <frl!· cfiT 

4<1e<0fl ~ ~ g<:t t4iii{11qr \il'T ij'cfifil ~ 1 ~If<~~~ 
~ RI 4(jij(OI ~ i:i" ~ milR" 'lit{ ·c11tafqifi ~ ~ GR; W ~ I 
~ ~ milR" cti1" it ~ « ~ ifi"{ITT ~ I 

(} ) ~ ~ f;«;rzr,; if,1" ~ 4fuJ;or q (jij (Oi) ~f 'q 25 o «. 
If< ~ ~ t ~ ~ -q ~ ~ ~. aar ~ WIT ~ ~ ii" 
~~elm"~ ,;ifuifid'l mfu ~ cfiT '!~4icfi1 cfi'(fil t I~~ 
cfi1' SIVd" ffi t ~ ~ qf(ft4fu41' '1iT ~ ~ ~ ~ 
'-ll<l!l4ifi ~, \iC:l{?_(O(llq milR ~ ~ qron:q- ftm;ft" it; ~ ~ ~ 

~I ~ « m fq{1 jq~ @" ~ ij'cfifil ~I ( €f") ftm;ft 'CfiT ~ ~ 
i:i":@" f<i'lf-fuld cfivn" ~, (ir) ~ ~ CfiT f.R;rzr,; -1>7 ,;i1<1!lWiidl 

« ~ ~ (dilution) t f.r.rr ~ ~ ~u; 1 

( 1 ) ~ ~ milR ifiT q (jij (Ui) ~ ~ ~ cf,1" WIT l, m 
qf('liUlk'lifi ~ it" \1°ij" ttfurrur itTT' W@' ifi"(ffi" l, ~ ITT"<T ~ 

i:i"~<filfcm"(UT~~~<fn"~<filf~l I ~<fif(OT~ 

;f~-1>7 ;aqft4fo ~I~ ~-q~f.R;rzr,;cfilq(jij(Ui) ~~ 

;t ~ <fTI" fcm"(UT-~~ t mirror <fTI" ~ WIT t I 

~ mg<:t mll'icfiT~ m gee~ If(~ ~ (unique) 
<j(jij(Ui) ~ ( q-~) ~t I~~ mfi:r-GT<f (~) qf<­

~ ( vary ) ~ WfioT t, am: ~ qfura.r ( variation ) -a.r 
qf<fti1folfilf<f.rm:~~. ~f.f;-;a'ij'~cf,1"'(ffl~~ I efgd'­

ffl ~e1-cf>)fii1ifildfl -q ~ ~ ~ 9arr mi1'1IT ~ ij'cfiffi' ~' ~ 
4' ~ 'FR: ~ ~ I 
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~ lft?_ ~ ~ f.t;" 1:!;'ti" ~ ~ q((ij(Of\ ~~mm 
(turgor) if>1' qf<.f,{oH rn % ft;i-Q: ~ "ll'1ifii<\ ~ W ~' 
iflfff.t;- c11wfc:1ifi iu.rjf(ifi ~ \ill f.t;- mm t ft;i-Q: -d'ct(Gi41 ~ &, 
m-m~ t ~~~rm- mrs@T If(~ r.rm: ~ cfiW, cf(if 

~ t ~ ~ ( enternal supply ) rm-~ If< '+iT f.rm: 
cfi'<aTtllft?.~<l'iT~~~im- iwrr (amount)~­
~ aIT<. cf>f{,f I {ii ~ ~ ,aq f fl! fo ~ mrsraT % iIT<T 'SllTTfcffi ff1TT 
mart 1-

-dGli?_<o1a: 1:!;'ti" 4T<-fRf ~ ~ ~ ifi1PlTCfiT ~ t ~ f.t;­
ffi" ~ ~ ~ 1 if>1' ~ Tj'lJT arr(~ q((ij(Of\.mrs@T 1.0 l!To 
~ ipft I W ifi1PlTCfiT if>1' 11r,a ~ if fr1 +¾ f '1'itd ~ ~ ~ ~ ro:rT 

l1'llT , w:i- lft?. mm 1.0 m.~ o O t. If( 22.4 cf1'1!· t croil"( mm 
~~~ I W ~"'1'~llr,a~im-~ 0.3 i:ft. ~ 
ij W ro:rT ~. d<f lft?_ 0. 7 i:ft. % croil"< mfu-<IT<t ~ cfiW I '1;@": 

cll~fclifi mfu-<IT<t ma' ffl % ft;i-Q: cflW arr< i!irdf<ifi ~ <l'iT 
~;=~rurrcr cfi'( ~ ~ I ~ 'S(ifiJ"{ ~ ~ij" mm if>1' 1.0 i:ft. ~ 
it W ro:rT ~. d<f ffi"@" ~ l!J:<f ~) ~ I ~ If< lft?_ cfmi'lilT 

i!icl!!l.iifi ~ f.t;- ~ -dGit?_(Ufi it mm Nm if>1' ¥. (rigid) irRT l1'llT 

t, 'iRf: ~ t mmA" 11 qf<c1a-t ~ ~ arr< ~ cfiT"(1Jf ~ 
mrsrar m ffl (constant) ~ ~ 1 

~ cf>lflllifiiatT <l'iT ~ ( direct ) ffifu-<IT<t ~ rm- ~ 
'+iT 4-ilQ;;joiifi fcffu ~ t I fr1.;,ifcfia ~ iIT<T mm~ rm- iruAT im­
"l'T ~ ~, ~ ~ q ((ij (Ufl-<IT<f (tel' mr(UT-<IT<t ~ ma"~ I 

m~ = 4'~-fcr~.=7! 

TP =OP - DPD 
fu@ cl'Tif: 
{Wall pressure) 

;;jq 1:!;'ti"cf>lfqm it ffifu-<IT<tmJlfA' ~ t:, d'il" mm rm-~ 
<tiT :ijj.rjf(ifi 'ill1T ~ ~--G(q t ~ ifi11t cfiW &, arr< 1:!;'ti" Sl'CfiR 

<l'iT ~ mrnr & 1 w 'S(ifiJ"{ t ~ if>1' ;;ft frf> cf>1fii1ifiia~ ( cell 
contents) ~ ~ srirrcr 'ffifm ~. fir@ ~ ~ 1 ;;jq mfu-GR 

'%_011._+¾ifi ~ ~. ~ ~ ~ W wfJcl' ij ~ ~. ail' 
Nffi <rraf 1ft" '%_Uj I c+tifi ~ .& I 
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smr: ~™it~ cfiTfucfiT 'G'if "fT'U ~ 'liT cf>lfil1cfi1011 '1"U 

~if~t,m~'ql'UITT'nqpft- ;;mrrf 1~ ~ (:com­
pression ) « ~ G(q ~ ~ l, mf.fi mT<fiT cfiT f1Tffi G(q 

~ t, ~ <tR1fcl ~ mrcfiT cfiT mm G(q m- ~ ~ ~ , !R"a': 

w S\'cfiR ~ ~ ~ ~ u ~ (DPD) 'liT ~ ;;ft f.f;- ~ 

it« w ~ <fil" ~ (isolate) cfi"{ AA q-( ~ ~, 

~ f.ri:.r~~~~cfi"{mTTl I 

~ 1ITRRi fo41 .. ~i'i t'J;ITTITT'.~tll81(01d: ~irr,rr~ ~ f.f;-~ 
~ t ffl U am: fu U t cfiifct•tl-1 ~ ~ ~ ( oppo­
sitely) ~ ( directed ) ~ ~ 1 ~ cfiTftrcITT it, -it ~ ~ 
it t, ~ Wllm ~ ifiz.iT cfiWI' ~ l I ~ 1'f@cli ~ it~ 
~ ~ mTcfiT am~ ~ ~ ~ 1T<TT ~, ~ ~ 'liT ~ 
(validity) ti~~,~~ ~~1 ~ ~ cfiT ~ m ~~ f.f;­
~ t11 a 1 <01a: ~ ~ if;< ~ l, f.t; ~ u t1;cf>' 'Sl'cf>n: cfiT '<fR1'l 

effi (driving force) ~l; -it ~<fil" ~ ,;iq11flf401 rn 
tq'F{~ffl~, ~ ~ftiecti'101 tCfif(Of~ ~ wr am: mTG 
ffl ~ ~ l, <Piif.ti m u t ~ if mTcfiT cfiT srm:, ~ cfi"<iIT 

il'go cfiWI' ~l I 

~ (Burstrom-1948), ~ (Broyer-1950), ({~f,ijlHf 

( Algeus-1951),~ ~ ~ (Hygen and Kjenne 
rud) ( I 9 52) mR ;t ~ ~ R<IT l f.t; ~ mrcfiT ~ '1'm ~ 
~ l, ;;rcrf.t; ~mu~ Nftr uar « ~ ~ ~-m ma-ti 

~ 1 ~~ ~ ~ (Thoday-1950), ~ (Spanner-
1952), ~ (Weatherley-1952), am:~ (Haines-1953 
fflR w ~ t ~ f.t; m ~ am: fqfu uar ffl efacfi' ~ ~ ~­
arr if~~~ I it~ lfl ~ 'li'ilql/llcfi srffffi"~ ~. iJllTf.t; 
~ ~ ~ a1<011afi ~ iua1f<a ~ 1 itln: (Meyer-1956), ~ 
( Thoday-1952), am:~ (Haines-1953) t ~ fflW:fi 

~am:~ itN ,mt I I ~ ~ t ~ cfiTmcfiT f.ffim: cfiT 

'iffl1"1'effifcm'(OTcmr~ 5fcfll@T (gradient)~ t -it Ai ~ 
cfi1ftlcfiT am: ~ SJ11ITT4T if tJ11fl" ;rRft t 1 ~ murr -Rt. ~ 
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( Burstrom-1948 )cm- m srnm ~ t; ~ fct>" $'+fTittc1!!1 w 
~ ~ r.r ~ i=ll' S(q1JJ'fil t ~ ~ m ~ '!iTGG t t@Q ~tir iITU 

C, 

!Rol.lclfftld cfi"{RlfTt I lfffimfa"-GTcfcfiT~ !R"rr ii '3'Rcl'~ 

~fir fmr~"!cfil"tl 

mm <ITq ~ mm cfiT tJiWIT cft<ff ~ ~ m ~ •tR-1fc1€-q 
C, 

~ ~ ~ 1 ~ <fiWTT t@Q t f.t>" mm~ t cfiT(UT mm <ITq 

~ i@f l I Rlfu" <rrq 'iIT ~ ifi' ffl ~ q f(Ui1'1fci€-q ~ ~ t 
~t:l;<fi~ «m~ cfit{t~ ~ ~ ~i, w~it" 
~ cl H·d fqcfid I '1ij_tc!'A01 t fct>" fcr ~ ~ S[q1JJ'fil mm ~ ifi' ~ 
iim~~i.~~'11'.fmm~ ~~~actim 

~ l I 

fqtt (Ui ifTGf : 
( Diffusion pressure ) 

~-fqij(of\q ~ (Diffusional phenomenon) ~ 
~ifi'~ (q((ij(U( dfl'<afu°:~ cfit~) fcm'<ur-GTcf t:/;<fi ~ 

,;mm: l, ~ ~ ~ ~ cfi"{ WIT ,;rfu ~ I cl !ilt cfi ~ I t:1;<fi ~ ii fcm'<uT 
,rrq, mfucfi"-GTcf (partial pressure) cfiT qqfqc11-..1 '1T.fT '51T ~ 
t I ffi ii fcm'<ur, fflUifi fcm'<ur-Glcf q"ffi 1fFT ~ ~ fcm'<ur ,rrq q"ffi 
1fFT <!ft 3TT"{ ~ t , ro if m mr(11T-GTcf ( r.r. ~- ) q'11TT ;;mrr i 1 

~ cfiWTT fct>" fcm'<ur t cfiT(UT mr(11T-GTcf i@r i. ~ ~ ~ t@Q 

l I ~ ~ t fct>" fcm'<ur-,rrq ifi' cfiT<UT, fcm'<ur i@f t I f.rn" WfiTI: fct>" 

irm it fcm'<ur <ITq itm l, ~ WfiTI: ~ ~~if m fcm'<ur-,rrq 

~i,~:fcm"(Vr<rrq~~cfif ~mfu.f; T1Tt uiT ~ ~ 
t ~ :a=a (GllO i@r i, ~ Wlf sr'flq ~ qf(ffttfctqf ~ 'Sl'mT 
(process) if~ <mTT ~ -r ~ 1 t:1;<fi ~ <fiT f.m-<ur ~ 
~~if~ t, ~ ~ ~1 ij'11qc1Jf 'iITl1T t mr(1IT oo 
it"~ q'11TT ~ I ~ q f<fti! fctttl if ~ ~ t !R'°l t:1;<fi m1f «, ~ 
1fFT if lflrif cfi"{ wre ~ I 

~ ~ ~ ~ it ,itm '511m l, tfif ~ ~ <fiT f.m-<ur-~ 
h m ~ afR: ~ ~ mwr (distilled) ~ <!ft~ ~ 
(decrease) ,ij'@T t 1 ~ 'QJGilIT if ~ lfrlFlt ill ~ iITU 

f<R1lttcfi <h1' 61 rn ~ m f.m-<ur ~ i;· 1..fl<ti<v1 (reduction) ~ 
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;;mrr ~ 1 ~ ~faf<Afl ~ Cfi1lTT CfiT ~ ~ ~ ,aqff\!ict ~, 

~ ~ miT<f; fci\'I illcfi ~ fcrITT:ur GTq if .-ll<1"1cfi (OI ~ ;;nw I 'ITT;: ~ 

~ ;f, ~ fci\'l lllcfi CfiT fcrITT:ur~, ~ 'fi'Oll if; ffi"if cfiT<cfiT ITT'<T 

sr+nfcrcr ~ ~ ~ t, ffi'41lH I G1q am:~ I ~ ~ cfi11TT 
if; cfiT(cfi, fci\'llllcfi-~ cfiT sr+TTfcrn- rn ~ ~ fci~14cfi ~ fcrn"<ur­

Glq If<~ -m:@" ~ 1 ~. WJI 3lT< cfil\'11~6\'I p:mfffi ( colloidal 
miscelles ) ~ WtFf ~ ~ ~ if; fcrITT:ur~ <fi1 Sf'il I fcict rn ~ I 

fct;m ,ft fcitt(u04 4(1tl(u0 lfT arcr:mftm Si"0l'Tm ~ ~ '1fi1" 

mn, fcrn""<or rn ~ ~ t macF fcrITT:ur G1q ~ m-r « <f,lf 

~-GT<r~ mlfcJ>l" art"( ~~I~ art"(~ Cfi1" TT~ 

cfiT<cITT-fcr. ~. ~ cJ>l" lfro, ffi'41lH ~ ~ oll f cfu~id mfur cfi1l'TT 

t ~ am: ~ iITU ~ ~~I ~ 1-1 fa fo@ -m ~ 
t ~<firm ~ cJ>l" ~ If< ~ ~ t, ~ B" fcm"<ur ~ t I 

fct;mmm~~~. il:q lfT~~ 'Sfr ~. CfiTfcm"<ur, ~ 
~ GT<f ~ t ~~ ~ t I tli'-lir4d: 41f SfqU@T f;@;ft 

~ ~T ~T,~~ ~~~~~I mfur~ 
;r~ t<n"fuu tr<~ mcl<fi ~ GTq;t ~ ~. srcr­
'OfITT ~ ~ ~ ~ I 

t:!:fi" ~ ~ ~ 'ffl q (H\ (On ~ CfiT filif -3"6" ~ 
lfT ~ ~ mfu t qft # ~ G\li\cfii<I if@ a-m I <lW Ii@~ 
~~ a.lif m ~~~fifi"~~lfTWffififilIT<T ~ ~. 

!q'rlf cfiTmT lfT ~ IDri@T cf@ ~ ~ ~-*•"nt'lo1 rn ;t- m 
~ I '3~i~(O(d: t:!:fi ~ lfT ~ if '\3"'o'q 4(Ht(O( m 1.0 m.) 
~~tam:~ iiwrlfmtr< mam:macF~~~'1;f4".ft"mm 
~ # ~: ~ ~ ~ ~ I ~ <fiT<UT 41f t f,f;- -3"6" mi ~, 

~ ~ ~ 1ffiA; q (It! (ufl ~ # Wf4T ~, ~ ~ if; lIT<T 

~ ~ ~ a:r,:r ~ <TT ,:fi°T ~ t I mr: ~ ~ ~ srfcr 
~ ~ 41: CfiTlrof ~ ~. iiwl" CfiT •Afctf(i@ whrl"4°i cfi"<ITT ~. f.R:r­

~ GT<f ~ lfT ~ ~ (Suction force) cfi~lcti ~ 1 
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qffifcf lf fc:m"{or-<TTcl"~, ~ t "q(f1lf ,rn-, mm~ 
~ ~ ~ 

~ mm-<TTcl"~ifil~'ITToTtl ~,rn-~ t qlRtfctcfi 

,aqff4d flfilfu <TTc1" an1: ~ ~ <TTcl", '51T Ffi ~ ifiT ~ ~ 
lT ~ ij" ~ ~ t, t ~ t ~ ~ t I l!W ~ ~ m;ra 
i Ffi ~ t ~ ii cfiT{ qf(qd,i ~ ~ I 

,ijffl Ffi ,;ril'f ~ lT<IT t Ffi fcr. GT. ~-~ ~ ,rn- smf ~ 
~ tf(~,rn- cfifltfCl"t '51TFfi ~ ~iIT<T ~ cfiT :l,jq!/flt!.101 

~~I ,d~l~{Uid; ~~~ f.l; ~,rn-Q.3 ift.t,f.fim" 
1ft" ~ ij" ~ cfiT 9,lcl!/rlt!.101 cfi"( ~ ~. ~ Ffi rn 0.3 m. 
ij" cfilf t, an1: '51T f.fim° ~ [T'(l' ~ ~ t I ~ ~ f.fim° 
~ ~ lfT oidcfi, ~ Ffi ~ ,rn- o.3 m. ij" cfilf t, ij" 1ft" ~ cfiT 

:l,lcl!irlClUI cfi"( ~ t I ~ :1,1fdf<.td cfi1°{ '4f mTcfiT ~ Ffi 
~-cm~ mm ~ 0 .3 m. i f.fim" m ~ wrcrr m­
wr ~ ~ ,rn- lfT mm ~ 0.3 m. « ~ i. t m 
lT~tf<~ cfil~ cfiW I ~~~~~ cfi"( ~ ~ l 
f.f; ~ <t,- q <1e <ufl rn wm mfu°-<TTcl" « ~ ~ cfiT cfi1"{ 

~~t I ~ ~ii~ ~~mtf.f;f.fim°~cfil ~ 
,rn- lfT mm ~ ~ lflTI«IT wrcrr ~ ij" m rn <t1' mi@" 

~ 

lfiT ltfCr t I 

ITT 6 tr< fcrm: rn « ~ fcrcl'R ~ ~ f.f;lfT ;;rr ~ 
~. ~ITT if~¥. (rigid) q{jij{Ufl ... ~~ ~ ~ ~ 
t~~tfll'T!, f-;rn-ii« ~ ~~~t I~ ~;f 
o.sm. cfif~ t:ani:~~~~'Sf'<Tgm!, ~ITT 
(ill) Ti q {It! {UI <m' ~ iIT<T ~ ffl cfi"( tflfT ~' ~ ~ cfiT 

~'q"(if ffl1TTdcfi~Rlll'!I ~cfil~~!Ri ~ ~ 
;f ~ ~ dcfi ~. ~ ~ ~ cfiT <TTcl" ~ ii "A fa f<.@ 

~ iITU ~ t ¾ ~ ifiT ~ I ~ lff.IB ~ Ffi ircl" cfiT mq'­

fffii 'o/wf ~ ~ t, ~ :l,lR!/1" ~ t ~ ~ <TTcl" 0° «. tr< 11.2 
cfn!· ~t~:l,IMcfid+t ~ 11.2 ~~t I ~~ '4f lff.IB 
i f.f; ~ ii ~ cfiT ~ ~ ~ ~ t ani: ~ cfiT oqm 

~m~tFfi~ii~ cfil~~~~~. 
W q{jij{Uj ~ (if>) ii ~ ,rn- lfT ~ ~ ~ ~ 1 $@'! 

~af\i:~ ~ffl~cfiWI ~'11!4 ~tarr-ti< if«~ 
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ilillio~f.vti@ ful!T~am:~~srctiR ifi~ if~ o.3 
ifr. ffli's@T cfiT ~ i\' f-1+1frild ~ fc:<JT "ll'lf ~ (v) it~, di!' 

~if~ ifn"~FTW~ i\'~am: ~~d'cf> Fr{1TI' 

~ d'cf> fiffirr irt ~ ~ if@ it' ;iJTITT, m f<li II Vit f w T{cf cl11!I" mrsr­
ITTaft ifi imf ~ t, am: ~ ~f 0.2 ift. t I ( ~ 4.48 <W!· ifi 
~ ifi ~ @ffi t WiqT 44.7 ~ ~ ~ ifi cro-r( @ffi t I ) 
( V) it ili1lio cfiT ~ ~ lfT ffifu ~ 0.3 ift. lfT 6. 72 cfl'l!. ifi 
~~I ~ ~ ili1lio <liT 0.3 ift. « ~ ~ ~ ftll<il~f<d 

~ fc:<IT iifTit di!'~~ <til l(q~j)qu1 'R1TT am:~~ 0.3 i:ft. « 
llfucf; m;m cf@~ if ftll'1i~f<d ~ fc:<JT ~, di!' ~ ~ cfiT 

tllTlT cfiW I llcf ~ ~ ili1lio <liT 0.5 l!T. ifi ~ if ftl1'1i~f<d ~ 

rorr ~ ffi f<li ( ir > if t, di!'~~ ~ ~ ffl11T am: ~ ir srcr 
~ ~ ij'if, °$r, f-;i-« ~ ij'if, ~ t I '(ij' sr-tiTI: ifi ili1'fio cfiT ~ 
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~0.5 in.~ ll.21f11!.ij:)irr ~ f.tim l'ft" ~ lJT cfilfflcliT 

ii'«~~ aRi ~ ifi1i ~. ~ '4qQi)qu1 iJiW I 

llcf~i\'mcfil~~~-Rlff~ am:~m ~ ~ 
't" f.t;,:n-~ crcr ~ ~ cfilfli1cfi1aft ;m- ~ ~ I ~ W1iR 

"Ft"~ m 7 i'i" m ~ ~ fc:€ii_.t1ln -rlft" ~ 1 ~ '1~1(?.<01 ii' 
""" ~ t ~ cfi1rncfiT Nfulff ~ m.ft -rlft" ~ am: aJcf 0° «. 
t ~ qf<cfif\'ld ~;pt~ I 

..-if1!!5 

2.fufut~ 

(c'a') 

fiar 19 

(<fi) (v) 

o.5 in. o.5 m. 
( 11.2 cfl1!-) ( 11.2 cf'l1!-) 

~ ~ ~ 0.5 in. 0.2 in. 
11 lrd f<cfi aJcf ( 11.2 cfl1!·) ( 4.8 cfl1!·) 

3. ffltlifcfiT 

(ir) 

o.5m. 
( 1 1.2 cfl1!· ) 

0.0 in. 
( 0.0 cl'T1!·) 

,:q-uTaR-1"~ 

~~ 
0.0 in. o.3 m. o.s l!T. 

( 0 .0 cl'T1!·) ( 6.72 cf'l1!-) ( 11.2 cf11!-) 

~ ~ ffi ~ ffi'll cfilf=llcfiid; ~ WTT"rt 111,af(cf, q(jij (Ufl «Fs@l 

~ ~. ~ ~ ~ ~ « rafcr aJcf am: ,:q-ur aRi i'i" NnT ~. 
am:~~ l'.{cfi Nnf 1t1-0<f:M1<:+t'f• (physiological) ~ 
it' ~ I cfiTr.lfcfiT ( cfi) ~ ~ ~ ~ q{H\ (Ufl ~ ii' ~ 3ffi: 
cfiTr.lfcfiT fufu t ~ '41RT ffltlcfid+i aJcf ffil" W ~' ~: am: 
~ ~ m ~~am: cfi1rncfiT cfiT ~~ m rafcr~ ~ 
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t~~1 'J;lcf~mm~m~~ mm~ 
~~<ll"ffiTif~"!lJ:ll"ij':i;mrcfi~, ~~ c<rf1T ~ I if>"'ir.li<fil 

( ~) "ifcti 0.3 +11 ~ t ~ q (IW(<!_fl ~ it ~, afR 0.2 +11. 
(0.5+110 0.2+110 0.2lft.)t~Nfut~Glcl" m:f~~I ~:~ 
cfiT wr ~ gm fifi ~ 0.2 lft o t ~ rnfu Glcl" "Wm~. afR 0.3 +110 
t~~~<ll"ffifcf~ -wmt1 ~ wr~gmfifi~ 

mm 0.3lfto ij" ~ rt,m" 1ft ~ ij" m 0.3 +110. ij" cfiTf ~ cffi 

crrm mm~~ wnnli<tt <fi"'{ ~ ~ 1 ~ mm R>m m ~ 
( ;;ft fifi ~ it ~ 'f@ ~) ~, q <m «!.fl m o .3 +11 o ij" 
fflER> ~ ~ ~ 1ft ~ ~ ~ ~ 0.3 lft. ij" ~ ~, 

"' 
~ ~ cm-r ~ 1 mm (;i-) ~ ,;iVi1fot> ~ <i>7" m t 
~ cl"A" ~ t ~ q <m wfl ~if~. ~: c!lf "!lfll" t ~ 
ffiTif Glcl" am: 0.5 "fTTo ifi ~~~~~I~: ~ 0.5+11° ij" 

"' 
~ cl"A" ~ m~ m 0.5 +11.ij" cfiTf ~ ~ oo ~ m 
mm ij" ~ ,;jcj!li)Q(tl <fi'1: ~ ~ I 

~ ~ i q (I« «!.fl <TTcf <17 HI« (<!_fl +ITT" ~ CfilTTfcfiT Cf>l" TTT­

~ mt ;n;r ~ ~441fua fcfi'llT ~ ~ 1 ~ ~ « ~ 
~~~~~, fifi,3qf~d ~cfiTll"Nm'f@i@T, ~~@" 
m ~ 00 f+Ff-f+Ff if>lfiliifil~fcffira"f<rriFr Glcl"W~ ~I 

q <HI Wfl +TTrf 'R cfiT ~ ~~ q (HI <<!.fl mrsraT ~ zy@" rn cJcfi @° 
mfi:rd" ~ ~ $'+fl«~iui ~' ~ ~ Cfi1'WfiT t ~ ~ ffi'it' 
q (I« «!:fl +TTrf ~ ~-~ lWf ~ ifi ~' ~ lWf rnfu ~ t fu'Q; 
am:~ iwr 'cj'q1l'f ~ m ffifcf ~ t ~ I m 7 arr< 8 it ... "' 
fc:¼~141 lflrr~mTcfirifi~~ lWf ~CJGT, mfoqcp ~ 
am: 0° ij'o q"( ctl1j,'l06~ll ~ ifi ~ iJ qf{'ll{!w::'lifi ~ 

( quantitative expression) ~ rn ~ 1 

~ ~ cf,lf~lifilari ~ nmnTT ~ ~ i@T ~ arR 
~ W1': mfu ~ q fol @d ~ ~, d'<f cfifflTCfiT cfiT mmr,:r 11T ef<. 
qfuq ~~I m-z@"f if~ ifi ~~ q (HI <<!_fl ~ ift q f<ctfaa 

~ ~1 m8 am:~-~ ,;rnwr (Ursprung-1935) 
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i\"m ~ 1 ~ ~ ~'1tl:ii.:e (Jmpatians) ~ lf'NIT (pith) ~ 
~ q<te<~fl qf<ftillfdii'i ~ qf<+m!Ji 'ITT', e11tR qf<ft"'-1@41· li 
~ "1lcli:6q•fr•M TT am: ~~ii ~fticfia'1 mm tJl. r~€1\'11a ~, 

lm'Rftaa~ 
fr.I° 

fc1:51 1:: 
m c:;-~ qf<ft"'-141 li ~ ~ t ~ ~ ~­

~~am: ~fticfia'1 mm~ q<1ewfl qf<'1•~• (ffllf 1935 « 
ft.Im iflTT) 

fqfl {GI i{lil' fl4'@T iliT intA:-
~ 

( Measurement of diffusion pressure deficit) 
~ if>lfiil<fit3tl ~ fcm"u!J ~ ~ 1 Rim ~ ~ cfCfi 

Gi"ic!i:6q•frq.,"'1 f.mr « ~-~ f<mlm irm irrtft \;fl ~ t I ~ 
~ li ~ W'd'"< ~ t fct; \Jl1,n,oq,J~.,"j f.mr « q <m «fl mrs@T 

irrR li \JJ~lcli:oqii_~ii ~ ~ t e-iflr mm~~ "ITTiT ~. am: ~ 
anw fc@lA" ~ e-r-=sRll ~ ..-a f«fi_ fc@lA" ~ e-r-=sRll t -«'1'R ~ ;;mft ~ 1 

~ am: fcr. GT.~-~~ ~~irrRt~~~fc@lA"cITT"~ 
rn ~. f-;rri fct; if>1rncfiT ~ mm li <fint 9ftffl ii"@ ~er~ 
~ lt ~~~<ITT'~ ii'@' m, f-;rri fct; if>1rncfiT ~ mm ~ 
~ ~ I ~ ~ a;m ~ if>lfiucfil3f1 <1TI" ~ ~ SRlff­
~ ~ ~. ~= ~ ~ ~ ~. ~ ~ ~ t il"UcT< ~ 
t m q-< cf>lfll1cfi1ai1 ~ a;m 'h1 f<1'1f"'"'a rn TT~ ffll@"if li 
cfiTit 9TI:ffl ii"@ iitm I -3Gi~ <<!id; ~ ~ w.tcfT ~ ~ 'h1'fu­
cfiT3TT ~ ~ 0.3 ifto ~ if~ TT l.0ifto q<mwfl ~ ~ 
'ij"cfifilt, aITT:d'al'~mm0.7ifto ~ I ~~0.3 iftofc@lA" 
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li" « f-icfiMcfi< 0. 2 ifto ~ li" ~ NlO' ~. a<f ~ ~ ~ 

~ am: '3'WtiT ffllrnif ~ 'SIT< 'iIT ~ ~ I ~ ffl 'SfcfiR -ITT' 
~ "lfT ~ cfiT ~ 0.3 ifto ~ii Uf-i<4>1{1<fi( o,4 ifto ~ 

ii w Nlrr ~. m ~ mm <filf ~ ~ am: ~ w ~ -ITT" ~ 
~ ~ ii cti"lTT t 'fiRIIT ~ ~~ fo~~•TI I ~ ffl 'SfcfiR -ITT' 
q,lf>ltcfitari <IT~ cfiT 0.3 ift. ~ii« f-icfiM<fi< ~ cffiif li" "(cfV 

~ o.3 ift. ~ lf" w Nlrr ~ m '3rt ..,,f11tcfitan <IT~ t ffllf­
wr li" cf\T{ qrorn-;, '1W ~ I :i;m: ~ ~f,;mif f.f;- q,")foq,1afi "lfT 

~ cfiT ~ « ~ ffllrnif <IT ~ ii cfiT"{ q fota-1 '1W mm ~. 
cl I~ fc!cfi 'qtf1Jf cl'{1"1 ~ rl1"'@'T wrcrT ~ ~ rl1"'@'T <fir 1fTCI' 

a-,..,,.__~ a a 

~ I ~ ~ '-tf!l'q4;,jiicfi ~ t fct;- mwff ~ 'A'rlf m1f clg'ITT ~ 
elm" (bathing) ~ ctn" m;smr f->mif ..,,f>ltcfilatt "lfT ~ 
cfiT ~ q"( ~ ffllrnif ii cf\T{ q fo,n;., ii"@ fflcl'T, ffi \I Vil f « <rn­
~ ~ <fir lfN irr.@" ~ I ~ 9,jq ~ -d~l~(Uj iITTJ ~ 
~ ~ t: f.f;- 0.3 ift, 1.0 lTT t ~ '1W it° ~ I 

~ q,lflitifildfl ctn" fcm"<ur G1cl" .-4-idldtl t lf1"CA" ct,',- fcrfu.tf 
c-. 

'-lfocfid( 1_,lcfi fcriTq-mRf tR. '-ll8ifo1 ~ I W mRf t ~ ~ 
~ ~ wrcrr q,lf>llcfildfl t ~ cfiT "lq ~ W 'SfcfiR t fcR;rlr,; 

ii f-1 +4 f ""1 a fct;-"lfT ;;nm t mr-tiT q <m <oft ~ cfi1f.lr<fiT ~ Cf>lfu­
cfiT311 iiti" ij~~ iii" fcr. GT. ~. iit; ~ ~ ~, a<f ~ ~ tf@'cfi" ~ 
~~;;nm t I ~: cfi1f.lr<fiT Wfcll q,lfitlcfildtl t ~ t ffll@ii 

wrcrr '+!TI: ii cfiT{ m q f <46-1 '1W ~ ~ ~ <fir ~ ;t?; ~ 
'1W it'ITT t I ~ cf't1!l" ~ fcr. GT.~- cf>T 1fTCI' t: I 

riwr am: ~ ( Ursprung and Blum-1916 ) iITU ~­

srqir ~ .., 1 r.i, cfi I a?i ctn" fcr . ~ . ill. cf,T 1fTlR rn i ~ oQ f cfd ••a 
ctilflilcfildtl q"( w:tM f.R 1Jit I w fctfu ii w ~ cfiT \lij,<ii(Uj f.ti"lfT 
;;nm~ f.f;- '3'ij" ~ <l>T q(lij(UTI G1cl" mer f.fi.fT ~. f->mif ~ tt"< 

cfi1f.lrf;r t ffllfwf ii cfiTf q f <ct d '1 i=fW ~ I ~ fcrfu ~ Q,cf cigcf-ijl 
~ cf,T m l, '-!'a: ~.,. wrir f.m1m ~ Wcfi"T ~ ~ t , 
~ 

ri"Sitr(Ursprung-1923) ~ ~ cti1fli1q,1aft cfi7" fcr. GT. ~­

iwr,l cfi7" ~ ~ fcrfu cfi7" ffl cfil", ~ ~ fflaT(U@": ~ 

f.fi.fT ;;nm ~ I ~ fcrfiT ii 'iij' am: fcrwrf cfi7" ~ Gfgo-ijl cf, I Ni cf, I d\l 
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~ fcr. GT. •7J.· ifiT af'rmr llr-=r ~ ;;nm t I qfu;rt ~cf ~ 
(petals) ~ 3flfr if ij" ~ ~ (strips) -<FTc m ;;rrar 
t ~ IDlrfi'lf ~ 20 Pi1TT ~ ~ cfil'.Tcr 2 Pllft. ~ t I 

a-;;r~~ ~ ~ ~~ ~ ~ t ~if 
~ ;;rm ~ I ~ ffi:f if f-1 +1 f \Nfd ~ ~ ~ W ~ ~ 
~{%~~ ifirrcrm~~I ~ ~ cf>1" ~ qfrn cfil" 
m;.r-m,<r Wffurd(graded)~ ~if~~ dcfi f-1itf\Nfa 

~-;;rrar~,~dcfifif>~~ if~~~~ ;;mn-1 

~~'Pl 4<i~H:Uft GTcf ~ fif, 9WTTcf>l" ~if Cfi1{ ~ 

;;@ lTT<IT ;;nm, 3id<fi cf>1" cf>l fiilifi raif cf>1" amrarr fcr. GT. ~- lfTiIT ~ ~ I 

~ ~ ~ (Ursprung and Blum-1927, 1930) if 
en- fcrfum ifiT ffl Rim~ ~ qfu.ij cf>1" ~ ~ cf>1" ~ ~ 
mcrf lfrCTT ;;J@T ~ I ~ ~r ~~it f<f;<;1j (l Ni{-ltl ( scleroph­
yllous) qfum t ~ @~ cf>1" ~ ~ 1 :l,ll<tt~lcf>1°€.Wtil\il (Arci­
chovskij-1931) mR ~~t fcrGT~ ~tfut:!; ~--m 

-~fcrfu<ncfiT ffl Rim~ I ~«~ Pil<til~{-1 (Schlieren) 
wa- m ~. ~ f.f; ~ mRr ~ m am:~~ ~ 
(reference) ~ t ffi ~,.qqJ-1i<ti (refractive index) if 

ctiT ~ ma- ~~I ~~~(Ursprung and Blum 
-1930) :l,ll<ftlcf>10q_tt~1;;i ~"! (Chu-1936) mR ~fcrf~J;fc!;R 

~ ~ ~ cf>1" fcr. GT. ~-~ cf>1" ~t;lf-Gl"q fcrfu" ifiT SftTTlT 

fcf;lTT ~ I 

ri ~ t 3iacfiT ~ ~ ~ (potato tuber) mR ifiT 

aflmr ·fcr.GT.~- ffit ~3;cf"cfilt~t~mcfirot~ 
(cylinders) cfiTifffi (cork borer) « cfiTc ~;;rm~ 1 ~ 

~m-{~~#'TT{c@,f~~ ~ mcrfcf;"1TfiifT~~I 

m ~~(Meyer and Wallace-1941) ~ ~ 4l1TT f;f; 

~ 3>CfcF if 00 fcrfu<n iIT<T {% @ef<unlr ~ ~ I ,ffl ~ ifiT 

q{l~{O~~~Ffi'mcfiTifaT~ lIT ~~ ~ 3m: if~ I 

clilf ~ t, ~ ij ~ant 3TTWR f.f. GT. ~- i ~ m.TT iifTfil 
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oll f tctlld cf,1 Pllifi 13tl t m,:@"f if ~+RJITT imJ q f<c.di-1 lTTlA' lfil" 

fcmn1filifia( cf>1finifii3tl ~ ~ ~m~~ I ~~,ifctforu ~+r­

m it 4'mflJT t ~ ~ ifiT ~ ~ ~ ~ ~ lfil" 
«A!icHI m ~ ~ 1 ~ ~ ~ (massive storage 
tissues)~~ lfT ~ <li1" ~ t fui:t ~ ~ ~ 
~ ~ «ll'T'1" ~ t m< if 4fu:@;:r +f'l'l cfi1: ~ ~ ;;rr m ~ I 
~ m.ff ~ mm if 4fu:@;:r ~ t ~ w ~ t ~ i ~ 
(linear) im<r -m- fcrfu ~ if ffi<ft ~. ~ «11f~ifi 3rn'fil t 
~ W ~ t im<f « It! I (Old: 'im: im<f <m" ~ <.fllT ~ ~ ~ I 

~: ~ ~ °efc ~ ~ ~ t ~ <li1" ~ TT ;;mf;;r,r 

(adherence)am: Nfu.:n i:;ci aia<tctilfoifil ~ (intercellular 
spaces) it 3Rf:~ (infiltration) t cfiR1IT ~ ~ 1 ~ ~ 

lfil" ~ ~ t ~TT~ gC!; ~ t cfiR1IT ~ ~ I 

~ (Stocking-1945) it'~~ fcrfu -m-~ <lil", ~ 
~~fer~, m fct; ~ (leaf petiole) 3icfcfil-t fer. 

GT.~- t~ ~ifwrr~. if. ,,iqc1a-1iifi if~ mo fctilfT ~ 
~ 1 ~ qf(cla-1 t fflcf ~TT~ lfil" fer. GT.~- mo <fi1: ffi \iffift 

~ 1 ~ ~ ~: w fcrfu if f111{11~'<-1 (Schlieren) fqfu 'fiT 

@" ~ RilfT ~. ~ ~ RilfT ;;rr ~ t I 

~ ~ ~ ( Ashby and Wolf-1947 ) it' i;i:or ~ G[q 

wrcrr fer. GT ~- morn -m-~ &ifiR-4ifi ( alternative )fcrfu ~ 
~ I ~ fef~ t ~ ~ <m" ~ <l1m ~ t if'!'1l ifiT fef'+!"W 

e1.-i:a1aff t ~~if w rorr mm~ am:~~ ~ 
"' 

cfiT ,,iqc1a-1 icfi mer en: Rfl!T mm~ 1 ~ fc1wHifi q <Hl <0n GT<f fiimt 
~9ctd'1 iifi if ifi1{ ~ ::r.f\' :itn-, ~ <m" fer. GT.~- lfT 'qq'O'f cf'{1' t "l(!_I ~1\11 c., C'\ 

~ irR RfllT ;;nm t , am: ~ m irR RfllT mm t f.ti" ~ 
arr< ~ if mtrn if ifi1{ ~ (interchange) ii"@ ~ l 1 

fcmm' ~ 4frTT t ~ GT<f lfT fer. GT.~- m<-fcrfu am: '-!'4'­

c!WITTi m-cft (refractometer) fcrfu ~ « ~ ~ mo rn 
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t ~ 'q"{li Sf7.n1T ~ lN arr<~ ef<un+t f.1M1f~f<s1a ffifu.ITT ~ ~­
fffir~-
~ 3--1H,<1cti1fiu..i1 ~ii~•~ ii'i srcm rn 'lfi1 .... 

smmcf 
(~ Thomas 1960) 

~ iUcf cfT'!- 3@'"Ucl;"'tfu.tr ~1 

I 31qcHiil icfi'I left 
it \lTTr{ m rn 

"ITT: cfi'Tmrw 

~ 6.4 5.3 0.7 
"' 

tITTr{ 10.5 6.4 3.1 

,;rrefm (Iris) 15.3 5.3 4.6 

~ ~ cfiT ~~ « ~ ~ ~ t f.fi <rr-11 fcrfulll « 
f.mm' ef<orrlr ~ ~, arr< 'M q d iii cfi 'I I cft « ffl f.r+:;; lfA f-t cfi(,j i:11 

t I~ it, f-t'I\Nlil ~ a~ 'ITT' 'RCmT ~ cfi'T'Cfil ~ ~ ~ ~ 
fc@"lA' dii:t{lif,ifitlcfil ~ ~ m cf,'"{ iiITTIT ~. ~ cfiRUT qf(Oll+t1 

itfcrfmrnrlf!'lIT;;mrr~ 1 41ffif<lcfi ~f.rutr~ (null point) If< 

\ilcf f.fi q <HI <01 liT<T \il"(,j" if ITT ~ fuzrr i>ITTfT ~ arr< if~ ~ mm 
\ilTffi t, im:: ~ '!fu ~ ~. iflllfifi oia <1ct,1r.t1cfil ~ ~ \il"(,j" \jqR-tia 
~~I '![of <rr-11 ~ iITU ~ qf(Uli+tl0 'ITT' fefit~i:11 cfi1' ft:efd" ffl 
'ITT' WT"@T ~ aii:IU<t,ifillcfij ~ ~ t ~ If< f.:rm: ~~I 
~ cf@ ~ cfiT WR~ ~ ~ « srqrfc@- if@' f.t;.rr >ilT 

Wfii:ITI 

~ ( Spanner-19 51 ) 'ITT' fcr. ~- ~- in,r,1 'ITT' fcr fu,;;n- f.f; 
-q <-1e~<u-Af1 m ffi 'ITT' qft-q' iUcf ~ fcrfu ~ 9'llo 42 If<~ 

ir.ft-~,cfiT'"°~ SfcliW ~~(in situ) ~ cfiT 41ffif<lcfi 

~ iUcf lfl'<A' t ffflt ~ f.t;.rr >ilT ij'cfiij'f l I 

'T@cti~-
(Dynamic considerations) 
~ ~ ~➔lPtlcfilotf t \il"(,j" ~ cfil, "11' Ri' mlf ~ « 

fcre"<ur iUcf ~ (inr<-1938) « ek!f..aa ~. ~ ~ « m 
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~, ~ ~ itr44<ti'i ~ mfrn (Devries-1884) ~ m 
( Renner 1911, 1915) ~ m ~ ~ fifi<TT ~ fct;- fcr. ~- ~- ~ 
t ~ ~ lITTT ~ ,,tlci!lllifi ~ riwf t:l;Cf ~ ~ ~~ 
t ~ ~ cfil' ~ 41f(illf<:lifi !lli41ciii11 t:;ci aifi:awtd Sf1JlTm Sffiff­

ffif cITT' ?fl" 1 ~ ~ :ait"iifi<o1 w m ~ Ri<IT ?:IT-

~ sz fc!;m ~ t ~ ~ ifiT SI fa f.&tcci <RdT ~. S; <ITTfu­
<fi id~~ t ~ ~ <fiT ~W~ t Nfu..zy;r cfil S1faf-1futci ~ 
~ I =tr(~ 1TT cfgd" ~ W Wfin: 'fit :ait"i<fi(Oi Sltalfcld rfilfT ?:IT I W 

:aitlifi(Oj a?:{T ~ ~ ifiT ~ 'Sl"ifr( gm I 

fcrn"<ur'<TTcf~~t~tr<W 'qq1l'f ~~ <fiT ~ lf6lf 

~ ~ 1l1Nll'1 ~rq4<fil ~i;TU~fct;-1~pr~~. ~fct;-~ ~~ 
,;i 1<1 l'il ri I CfiT lT<fr ~ I :a<:i ~ ~ ~ ~ ~ ~ fct;- W ~ t \TT@<f; 
fcllTT (dimensions) ~ ~ I w i;p;fT t mm fcrm w Wfin: 

~ ~ fct;- ~ <TTcf ~ ( pressure units) # @· m~ 
<fivTT ~ ~ ~ m ~ eh (Force per unit area) am: 
M'i<~wr:aT<..\IS:li<firi cfi1:'TT~ I .., 

~ ~ aT(QIT ifiT fcrmT ~ cfil' ,;i:aii l..\d i3if <TT fcrf~ 
~ m ii1si4t•n (applications) t m if~ (confusions) 
t<fiT(UT ~ ~ <TllT~ I fflhi.ram: ~t ~~if; q'"!fq@" 

~ Gffl (decades) # ~ ~ ~ ~ Sita I fern ci::r ~ # ffl 
<11f, ~ fct;-~ fcrn"<ur' <TTcf ~ <TT ~ ~ if; WZJ" @ ?:IT I ~ 
~: ir ~ (I)~ ffi1JT &llTdT (water absorbing power)~ 
( Thoday-1948) ( 2) ~ <TTcf ( suction pressure) ~ 
(Stiles-1922) (~) ~d'iflcf (suction tension);rfi (Beck-
1928) (4) mm~ (turgor deficit) cfl(mfarr< f<ht<tib: 

( Curtis and Scofield 1966 ) ( 5) sr+rTcft HI.a <01 GT<i 

( Effective osmotic pressure ) im;r ( Sh ull-1930 ) ( 6) 
~ H1:a<o1 .w.r- (net osmotic pressure )im;r(Shull-1939) 
(7) 4<1:a<o, <TTcf(Osmotic pressure)~ (Brooks-1940) 
( 8) ~ iic1llflqof\4 5l"lfR ( water absorbing effort ) ~ 
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(Spanner-1952) 1 ~~~.fr f.m"'~nftirn( ~. ~ ~ 
~ f<fmr ~. ~ ~ m (Meyer-1945) if .fr t 1 

~ (Broyer 1947) if '+ft'~ ~ ~ ~ ~ ifiT 

~ olfl'4Cf, f411Jlqo1 ( Comprehensive analysis q <m <0ft ~ 

~ ~ ( Specific free energies) t ~ t ~ ij fcf;i:rr t t 
~~3"illmsmr~ ~ij ~M&liffl .fr'1flm t '5ft 

f.t;- fcnfn:r ~ If< ( dimentionally) ~~.fr mfa-@"~ t t 

c\lWfclcfidi ~tf.t;"~ifq(jij(Uf\ ~ ifif~ ~ "3~i~(ofl' t 
~@" ~ ~ t I~ ifiT ~ t ~t ~~f-ililc{) ij'1"1cfi(Uj 

~~ WfiT{ i-

N IF= l IF - l E F 

~ f.t;- N I F = ;k; ~ ~ ~ 3"ilT (netinflux 
specific free enerygy, ~ I F = ~ ~ ~ ~ 
ifiT mir ( Sum of influx specific free energies am: i E F 
= cm::f:frcr ~ ~ ~ ifiT mir ( Sum of efflux 
specific free energies) 1 ~ ij'1"1cfi<u1 cffl' f-1~ifcfict ij'1lcfi<o1 ~ 

~ ~ ijlITr@T t '5ft f.t;-~ ~ i-

~ ( Levitt-1951 ) ~ ~ ifll'T ~ 4<m<ufl fcrircnr-'ITT: 

(osmotic potential difference) siwifclct ~ am:~ 
~ (Hygen and Kjennerud-1952) if '+ft'~ am:~ iflJT 

trc. 4(iij(oft ~c111ftqu1 fcrq.r(Osmotic absorption potential) 
SIW I fclct ~ I cffi ~ ij ~ it;if ~ ~ cfi1mcfiT am;: m> c\ Id I c\ (01 

ij R. ~- ~- t ~ <liT ~ cfi(if t ~ l I ffl f.t;-~ ~ ~ 
~ l fcti-~ WfiTI: ~ ( Burstrom-1948 ) if '+ft' "mftr ~" 
~ifif~ ~~'ITI WWfiTI:t~cp:rrij@" ~ W ffl 
I ar'n ~ ( nomendature ) <liT fcAT ~ cfiRUT ~ l , 
~~.~ ~~~-~~~ ( R~~) ~ 
~ ~ « ~ ~ cfi1mcfiT ij ~ ~ ir@ili ~ <liT f.tr.ra 
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~i.~~~~~~~am:~~ ~(isolate)~ 
~ ~ 1:fT ~ ctilfM,(a{l t ~ if ~ I ~ irr<@" ~ Ffi 

f:11f~4i \;f{;~ ~ ~. \;f{; cfiT ~ if m ~ wm 
~ ~ « ~ f-tcfiWll ~ mm ~ fcf GT~ TT~ mtr qrn <ITT" 

ctilfincfil3tl t fcf GT "4" i .,,11qfocfi lfliTT TT~ ~ t «'-4<hcll~ 
" 

~ TT f.:r1t1: cfi'W t I fcf GT~ lfliTT ~ ~ SfcfiR <ITT" ~ t 
~ fcmq-~ cfiT ~ cfivfl" ~~ ~ lei Qllcfi }@@" ~ ~ I 

~ di6il1•1fctifi (thermodynamics) fo41"11 t ~ "TT" 
~~~mm«~ mm if \;f{; cfiT ~ ~ GTcl" ~ 

<ITT" Sl""1J@TaTT t ~ ~ t I ~ <IT f-tcficcihl ctilP-IFhlif fcf GT "4" it° 
fmr ~. fil ~ f~ fcf GT "4" 00 cfiTfircfiT «, ~ fcf GT "4" 00 ~ Ffi 

mm~·•1fct!ITI~ ~~ I ~ml'~~ "TT" ~WficTTi, ~~ 
cfi'f4((,Ef(OTI GTcl", ~\;f{; •lfct!ITI~ ~ i3',Et' 'filmcfiT cfil'~, ~ 

« \;f{; •lfct!!i'M ~. ~fuel;' ~ ~ I 

f<f'ttlifil'ia (Vacuolated) ~ cfiTfucfiT ~ q <I« <on q f<o11lil 
ctn'~ «klf..aa rn ~ ~Cl «'1lifi(OI f'1'-iiif<fia ~-

( 1) fcf GT l!=4' GT--ffi' GT 

(2) 4' GT=m GT+fc!' GT rlJ: 

( 3) m GT=4' GT-fcf GT rlJ: 

(4) m GT =f-.r GT 

~ ~m ~ q (Fa :i:_ofl q f(OII ill ~ ~ ~ ~ ITTT( rn 
t ftw:, cf>lP-llcfildil it' ~ ~ qfonhfi ifiT ~ qf<011i11 q-:i:_ m 
cfiT mjT 'j_<:-llictiii ~ cfivfr ~o: 1 ~¾> 51'-'fiT< ~ ~ q,W11cfi13ft 

;f mqferc11 ITT"{ TT ~ ~ ~ ~. am: ::;r<.f ~ cf>lfoifil~ 

~ ( glaccid) ~ ~ ( turgid ) ~ if ~ ~. ~ 
:'I' ~~= .............. 

~ if ~ m:T<fi cf~ ~ I ,Nl~(ula: :i;r,rcf, 4{•:fil\'i•R« 
g ....A,+:.,. ~· 

(parenchymarous) cf>1f:11-·fii~;;r,;r!1J:'1Hwa-~ m~ -t'-t,1m +:r 
qfo:1faa ~r~.~~cf>lf:/lifd~ 25~ llT mU<fi WR~ if 
~ ~ 1 iJWf-~r ~ ~ ~m if fufuirl ~ ifiT'h1' tf.lf 

~ ~ t, am: Wi9 ir ~~ fcfi ~~ (xerophyte) t ~ 
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-ij~4Tifi1fiuifi1d; m,rm ~9,iSk41{4 (inelastic)~~ t 

09-!r#-=-➔.• ...... ~~-~----~~--• -- ,., /•2 ,.y , . .,. 

---~.ia- sl"fcf•:,;1 -1Jic1! ""'" 
&ib~a; crlrfita,, ::,11aa:, 

fihr-e 
m 9-q<m<ofl oo, mm oo, ~-<!Jq ~ am:~ 

"' 
~-~ if,-~ -ij q1<t<lf<ifi ~ ( Hofler-1920 ) 
if.· ·•.ficfiifj lf( Wmfur) I 

~ ~WcfiT ~ q <m <on oo, mm~. am: fc:m'<ur-<mr-~ 
lt 41®f<ifi ~er ITT t i:i f~€i<Hla ~~ I ~ITT ~ ~ ~ 
'SJtfucr. qf,c11101i 41:, 'cfiTmcfiT ~ ~ 'ITT'l@"if qf(clct,:fi if,- W~l<PfiT t4'R 

it ~ if"lIT t I ~ ~ ifi1mcfiT ~: ~ ~ ~' ( -mqfercr. 'ITT'l@"if 

= 1.0) w.r ~ ;.flc1~<4,i'i:\-1 (01 =20 <JP!,) lf( ~ fc:m'<ur­
<mr-~ m, q(lij(Ofl cn<I" if," cro<n: ~ i, ~ ~mfu"­
Glcf '!lf4"~mT ~I~ q;-~ ~ 4i<Htc1€,q $@ ~ cfi1fi1m cflT :i;rnf­

ij'i'f ~ ~ ifi1'Pl1"ifiT1 Uf" if," ~ if," cfiRUT ~ q (jij (Ofl <ml° 'cfcGf 

t, ar'h: ~ mii mm mrifiT t ~ ~ irr,;- Os=l5 <JP!· 
~-if@T~I 
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~m~· f~¾R-1141 iflIT~, ~-GTcr ~ qf,cc1ciii t ~ ~ ~ 
(curve) ~ '.l,lf-1~f'¾a t, ~ ijfffu fcrircr <fir~ cfilRli<fii3i1 ~ 
~ f~€R11~1 iflIT ~@ ~ ~ 1 ~ ( Haines-1950) 
i'I ij -ii• f t{tcfi mmu ff{ ~ q f {cf,~-1 fct;7:rr fctl ~-Glcf am: ~ 
fcmm: 'PT~ ~ (linear) if'@ ~ ~ fctl w:r: lTAT ~ ~. 

~ '.l,lfaq,cc1<1ft1<fi (hyperbolic) ~ 1 tm1tr ~ ~ ~ q-,c 

fctl ~ qf{cf,~ii '.l,llt:nf<a ~. ~ 5JcliT"{ '!>l <t>lfocfi1air t fu~ mir 

if'@ t 1 '{f<f; ~ ~ 91: qfo11{cfi (surroundiug) <t>1focfi1ari 

t tl'-illfqd '5fil1q q-,c fcrcl'R ifW rfi'llT iflIT ~. 'ITT!":~ 'ITTP=1Ff 5ffiTd" 

~ ~ Ff; ~ ~ ij"cj" Sl'fiT{ <fir il>lfllicfild!T t fuQ; ~ ~ I 
~ G1cf 3ITT ~ ~t ~ t ~ am: ~mN 
~ ( Hofler-1947) ar,fu: ( Ernest-1934 ), ~ 
( Tamiya-1938 ), ~ ( Broyer-1947 ), ~ ~ 
( Craft - 1949 ) ~ ii" m;fr-mfu ~ fct;7:rr ~ 1 

fcr. GT. ~ •. q {it! (Of\ zyf am:~ zyf t ~ t ~ ~ ~. 
am:~~ ~ <fir mIB" ~ t, ~ fcr. GT.~- cfilf ~ -;;mfi" t I 
~ ~ '.l,INcfid'l mm- <fir~ ~ ~ ffiTT t, ( ~ 
~ = 1.S)dq ~ m.G1.9<m<ofl ~t ~~~t. 
am: fcr GT. ~- ~- ~ ~ t I 

~ fctl m i't .rtm an"{ m. GT. <!TI" w Cfi"1 fqr$f<f>a fcIBrr< iITU 

f~€R11~1 iflITt, ~qn:irror 'fi'+TT-'fi'41 ~Oll~'lcfi ~ 'TT ~ t I ~ 
~ificffi-3'm~9l<n"~t.~fctl~~~t:%w{Tcfcft" 

WITT£ ;t ~'if iflIT ~ I ~ itcltl!l ia\1 ~ t:% ~ <tf fcr GT ~ it fu~ 
f"ll-iiifcfid ijJilcfi(Oj ~ ~ ~ I 

fcr. GT. ;:7.f.=9" GT-(~- GT.) 
°' ¢ ~ ~ tJ:cfi" ~ ( ~ f<f; m. GT. f.ftOI k'lcfi ~) , <tr fcr. 

GT. ~-~ ~ cRTcf ( <ff.Oli<:-&jcf> zyf) "11' iw-rr it cfiT{11T ~ ~ 
i q (it! (Oi) <TTcl" « ~ ~ t I 

~ ~ oi<:fcfiT if <fgcf ~ il> 1 foifil ~ ~ ~ t <TTcl" ff ~ 
~. m :m1 cf"(tl; <ITT "'"' r~1ifi ,ai, e:rn mm ~ ~ 1 ~ ~ <!TI" mm 
ir am:fcrol:IR m. GT. t ~ , ~ ff{ ~ <TT<r 'PT Sfil1q m ~ 
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t: I ~ cl'TI!f ~ cfi1'WfiT ii~ ii f.r. c;;T. ~- q"{ 'iIT 'S(1ITcf ffiffiT t: I 
~ Sl'iliR ctTI' cfi1'WfiT cfiT ~-<mr ~ \I fa fo@ ~ ctTI' ;rr;rr ctTI' 

~ ~itart, ~ ~~-<ITT Q.cti~1fl.ffitl 

~ aCfi cfiT a-i lRil@": f<frklifillld ~ if>lflirifil3tf ii ffl if' .. .. 
~ I WC9 Sl'iliR ctTI' if> t flirifi I art ii ~ cfiT ~ Q.cti cfi1'WfiT ii ~ 
Q_cti cfi1'WfiT « ~ cfi1'WfiT ~'. q (HI (UTI f :till I fct fl:( ctTI' ~ akr:1!Ttfiffl 

~-fcrfir iIT<T itaT t I ~ Sl'iliR 'ITI' f.tm-fcrfir if' f.r. c;;T. ~- ii ~ 
ffl1ffill <t1i-t1ifi<u1 ;f, q(1<t1<un ~ii~ q"{ akr:'ffl'lfUT ~ ( or. c;;T. ) 

ifi1 SI fattt I Nd cfi( ~ ~ I Q.cti ffl lfT ~ ~ « ~ .frm 
lf'~cfiT 1llf,'f akr:~ f:tilllfctftr cfiT ~- \lcllfucfi ~ ,:!Gh[(Ui 

t I WC9 Sl'lJTOT ~ Sl'iliR ii ~ l f.t; Q.cti ~ (young) ~ ii 
ttcfiij" ~ ~ (ovules) t~ ~ liiflllf,'f, akr:mq,ir iIT<T 

itaT t ( ~ t:(<t ~ ~err and Anderson - 1944 ) 
~ ~ 91m ii afu":wtq,Jf f:tilllfctfu iIT<T ~ ii ~ t ~ 
'iIT ffl -3C::l~(Ui ~"I"@"~ I 

~11qf.1ifi ffl if' c1gcf « \jrq04if,l if 'i$d l'A'4ifi ~ c;\lqf f.µrr ~ Ai 
91m if' Q.cti cfi1'WfiT « ~ cfi1'WfiT aCfi ~ cl'TI!f ct Id I ct (Ui « ~ 
if>lflliifi13tl ii ~ ii ~ ii f!Ptlli<fl f.rITT:ur f:tilllfctfu ii ~ 
,aq1q=q4') f:tilllfctfill!r 1ft cfiTZf 'fiW ~-~ ffl ~ mil" ffl I ~ 
~\llfctifi ~ t fcfi" '!!cf«'i ctTI' ~ ~ ~ SliliT( cil' f:tillifctfu <ITT 
~ ij ~ cil' ,iJffiT t 1 

~➔1fii1ifi1at1 ii'~ t ~ 'tTI' f.mm- ~<ITT~~ 
«~ qf~"<lirfrfl ~~if@'~ 1 ll'fc:'~~ii ~ ctTI' ,aq1q-q4j 

f:tillifctfii -tr~ <ITT cl1T1f 'iIT ~, daf 'iIT q(jij(Ufl ~ akr:~ 

f:till I fct fuari <ITT ~ '!Ill f.td i'A'4ifi ~ ~ « ~ if@' cfi( m I ? 
SliliT( <In" if>"ifi11ifi1air ii ~ ~ ( protoplasm ) cfiT rozrirr;r 

mm~ « ~ itar t ~ ~ ~ ... ,~ i,t;il ~ « ~ 
'l'U~t, aar'ift-mif-mit f<fcfdifiliJ;~ ~ '8'm ~ I ~S(cfif( 
~ if>lfiiiifil3IT ii~~~- q (jij (Uj ~ akr:'ffl'lfUT <ITT \llllM'fi ilf+lifiid; 

ffl'a" <fi'<'1T cfiWf t I~ ~ ~ ifiifd+llrf ~ f<frklifil~ ~ 
~ ~. dol q (jij (OTI 'il11T fflcf AilfT \ill ~ t: I w d'v:lj" ~ ~ 
«~ q-. c;;T. ~Slllf: ~S(cfif( *an:rr ifiT sifdf.tfucct ~~. -itf.t; 
~iIT<T ~ ~\lctllrllSIOI fflii~-3'tt(c;;l4'1 ~~I 
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~1c1~~ff$-€1;i 
( Plasmolysis ) 

qf<ftl'tT t:tcf ~: 
( Definition and explanation ) 

"1~1c:laoll~-,M 'ITT" 'EfG<lT ~4tfincfil3tT am: ~ 'ITT" q I <Ql+4d I 

t m~ srrca- rn i @"I:{~ ~ ~ ii~ iflft ~ fcfi ~ 
~ ~ ~ cfivTT ~11<Wl cfi ~ I "11 cl aoll ~-•Ff 'ITT" 'EfG<lT if ~, 
f<fcfdcfil B' ~ HHF(On GTcf qffi crrw ~ 'ITT" am: 
:i:t'i:l1.1-1cfi«11 ~ 1 <ITG. Gf1<laollcfi1.1I ( plasmalemma ) ,aqff4a -r 
~ ~ ~ t @"I:{ ~ ~ ~ cfil{ ~ rf ~. aof 

~ ~ ~\llc:l-il ~ fct; f<fcfdcf,i ~~;;mfr I mT"i'lf ~­

~ lf ~ ~'ER:'IT fsrfu~ ~ ifi'if~lifilaoll t ~t ~~ 
~ 1 ~ ~ ~ ~ .si1c:la01.1<fi1.11 'ITT" mfi@- Y1«11-1.1a1 'fi" ~ 

cfiT m.f ~ ~ I 

"ll"R ~ f<fcfdcfillid ~ mm, m fct; ~ ( partially ) 
~ B' ~ iflft ~. "'1" fct;m m ~ @"I:{ fcfi m1~ ~ 
~91(11+4 ~. ~ ,,1fc-tq(1t1.fl ~ lT fr11-lf\Nld cfi"{ RllT ~. aof ~ 
.f.rfucfiT t m ~- q f<<la.-1i 'ITT"~ ~~ ( characteristics ) 
~~~~I~~ 9(1tl(OI ~cfiT(UT~ ~fu<ii'T if>'m!f• 

d"rf lf @-@ ~ i:rro:"~ ~~I ~ q;~tql:01 ~ am: 
cfiTI1W-lTT-fufu ~ ~ c:rnilm-W ITT(T si1.,11f«a1 ~ if ~~ 

~ i I ffl cfilnITTiT3ll if ~ ~ cfiT ~, ~ W,~ if 
~ +WfT ;;rr ~~ I ~ ~ ~Wf.R 'l>7'ifi'ifillcf,ic! 'fTT 9l<IT 

;;mrr ~. ~ ;;wrcr,:r ii" s:rr qf<ff4fcillr if cfgd" cfilT qfurnrr ~­

~, cfi1fucfiT-f'4lfu 'ITT" *ll1f:/l1 ,fr~ R"A" mm ~ ~ arh \ifGf ~ 
mm SjTC{!" ,n m ;;nm ~. ~ ~ i 'ITTllcfrf lf ifi1f 3Th: macfi 

~ ( decrease ) '1QT ~ , ~ cfiTrncfiT-f'4lfu, ~ 3TR q fo,m:cfi 

~i t ~ t @"I:{ ~ 'ffcf ~ ~r t ~a-: \ifGf d"cfi 

m lf<WU fc@"lr,r Gflc:l ::ollifi <fi1" cnw mm: t ~ ii -cylT ~. d'<f d"cfi 
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~ Uf -m;r q {jij {Oj t iITU W 'S(cfiR ~ cll11@f ~ t, lJTiTT 
~ ~-Nfu aqff'cld @' ~ l I ~-Nfu '1iT ~ ~ 
t q"!f<ffif 1ft', ~ t ffilicA' ij ~ ~ ~ l I !Roi" W ~ 
q"{ ..flcts:oZt1 ~ ( protoplasmic layer ) ~-Nfu « ~ 
~ srro:"f 'ITT: ~ I ~ \I faq <It!(\ ~ W fflrsr ~. acf 

~-Nfu« ~ '1iT ~~ ~ "+t~'h1ifa 'S(ific ~ ~ I 
~ 'S(cfiR CfTI" ct,)fl!lcfil3tl 1r "ll•li:61.4 •fl~lcfil( ~ ~am:~ ~ 
'S(cfiR <ITT ct,'1fillcfil3ff ~ fcrf,n;r itl1;ifa4i ~ 'ITT: ~ I ~ fcrf,n;r 

~ ~ '-111;ifa4i fflir <ffurcr CfTI" tJlIT ~ I ~ 'cfz.rr cfiT ~-
~ ~ ~ I "11<4S:ol.4,}'<1-i ~ ~ ~ CfTI" fcrfa- cfi"fur~ 

~ 'S(cfiR <tTI" ~ t fui:t Sll€-Ncfi ( typical ) ~ 1 1fflfir ~ 
~ 1r 'fiifacfi<ltil4f.Jcfi ( Physio-chemical) qf<fffclfalfi q"{ 

am: "'1 .. s:64,J'<l-1 rn~ ~ij ~~ <tTI"mii- q"{~ 

~~'am: ~ iITU ~ qf{ct@d \TI" Rim ;;rr ~ l I ~-Nffl 
« ~ t ~ ~ t q"!f<ffif ~-Nfu ~ ~ t lWf 

'lil'~ ~ ~ ~"+1"("'1d'ft1 

~ "11<4S:64,}f-i4d ~ cf>1" ~ iT f.J'lf>Ntd 'ITT:~~. ocf ~ 
art-art '.ff= flram ~ cfiT Sll'q'f 'ITT:~ am: ~ ~ ~ ~ 
~ 'ITT:~ I ~ <liR1ll f<f<Rlcfil ij ~ cfil q (Ht (ufl ~~I ~ 
~ ~ W ~ cfiT ~ 9,!~Hitt0 ~ ij f.J'lf>Ntd ~ ~ 

~ ocr ~ ur 'fTI" '.ff=~~ ;;nwrr1 ~ w ~ ctfl" tJlft ~ 
'fTI" mlfT ~ cf>1" ~ ~ ij f.J +l f >Nld ~ ~ 'fTI" tJlIT ~ CfTI" 

~en 'li+r ~ , ¥ (rapid) iiq"'"1<4S:ol.4,1'<4-i ( deplasmolysis) 
1fflfir ~ « Ri"f+l" <tTI" Cfiffefa cfi'ir.!icfilan ~ ~ '1iT m ~ ~-
( Iljin-1934 ) 1 

~otf~~ atT~~: 

( Plasmolysis forms) 

~ ·~-'.rmr fild" ~ f.t;- f.mr ~ "1l<IS:cllifi (protoplast) t 
~ ~ <fiT ~ fcrf+Wr Wfin: cfir "'' <1s: .. 411 'q '1 i11 ii ra li'i ..,,. \if"r+j" m ~ , 

Wi9 ~ ~(types) ITT 10 (~ 60) if ~{~~1 ~ 
~iN~I 
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m 10-;;fii:!s:oll:f•H ~1'!>fal!i (<fl) ~ ( convex) ~­
~ (~) ~ (concave) 111li:IS:oll'.!}'•H (-r) ~ (cap) 
'111<4aoll~-i:I.., ('Ef) (.").,")C{,11fi:. (tonoplast) 111li:IS:oll~-i:lrl (lift 
~ f.lfu am i)., l ({,I I fG ifi ;wr ifi ~ cfi1' ~ if, l P-11 cf> I S:ol! mol, 
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air ~ f<fcfdcfil ~ 1ft' ~ ~ ~. am:~ ~ ~ ~ lfTifT 
\11TaT~f.t>~ ~"R: 'f'iT U ("&) 4att4-.."l {endodermal) 
cfilPllifi,air ifiT "llqaoll,J-it-1 ffi"U ~ ( casparian strip) ~ 
gCt ('<1") irm ttvf cfil1"4iifi13tt (Moss leaf cells) ifiT "liqaoll,J-it-1 

;;ft f.t> cfilfoifil3tf <ITT" :Alrdf(ifi itWfo<I (midrib) ~ ifiT 

~ f~ca{,11a1 ~. (~) ~ (necrotic) ~ t wfN 
cfi .. lfitlcfil3t'f ifiT "l~iqaoll,J-i:i<i I 

~ lfFIT \1ITaT ~ f.t> "1"1qaoll,J-i:i-1 cfi1' :Al'W@' ifilfi1tcfilaoll t 

fc1t<fi1foa1 (viscosity) cfi1' ~ ~. ~~ (convex) :Al'W@' 

f.:n:;; fqt<filfodl ifiT ~ ~ I ~ ~ ct12fillll+i illl4lijllj~e am: 
ct12fliill'1 ~~ ~m4lfo1feifi1 (plasmolytica) iITTf ~ 
ff'lj'f ~~I~~ :Al'W@' .;foijl.1'1 ¾1(1'4,~ ~~ faij4l"1ifi 

(bivalent) &ifTll'iTT (cation) iITTf ~ <ITT" mm t: 1 ~ :A"it1" ti'<li" 

:Af,tfiMa t: f.t> ~ :Al'W@' ifiT Sll"-tf+tcfi ~ ifilf:ilcfilaoll 

<ITT"~ fc(t<filf@I ~. w:[qT ~NIB~~ ~I~­

aoll,J-i:i-1 :Al'W@' am: fc1t<fi1f~a1 ~ ffllAl ifiT sr+r('cf ~ ~ « 
aq:\11,<tct•il (lyotropic) ~ ifi1 :R1,ij<u1 cp(dT ~. ~ fflm:TR1JT 

~ 1ft' m ifiT flrffirr ~ 1 ifil flliifi 1aolf\ fc1t<fi1 foa I a;;n:r,r ~ 
t @:I" Cs, K, Na, Li, Ca, Al. ~ « ~ cfi1' ~ ~ 
mmt, 

\ilaf cl§ij4l"1ifi (multivalent) a;;n:r.r ~Al+++ Sl"liFr it 
~"I"@"~. a-er cfim~ "'"lqaoll'.1:"t"i ST1'td" cfivTT ~ ~ ;;rnrr 

~ I ~ NIB if fcit<fii foa I ~ ~ ~ ~~,am: "4.d'iTT ~ f<wfir­

fuar ~ ~ ~ f.t> "1"1qaollifi ifiT NIB~~~ ifW \ill~ I 
"4.'f Sl'fi"(1lTT if~~~ mm t:, am: Nftr tJ;ct "llqaollcfi 

~ <ITT" ~ ~ ~ g{ f <f cfd cfi I iITTf ffi fuit "I"@" ~ I ~« ~ 
ifiT ijl'4.il<1f~foij (cytorrhysis) ~ ~ 1 

~ ttp ffl1lf cfi1' ~ aidtt4'i:il cfi1' ifilfillcfii31T if fcrnq-~ 
t"1'1<taoll,J-i:i-1 ifil~~~~« "1"1c1aollcfi ifil.firrn « ~ 
~ ~ 1 irm- (Moss) Gfulll cfi1' ~ ifi1f:11cfi1arr ii "liqi:ollcfi m;r­
vITTf N@?llt;a-;r\111ll«'i~dl~q.fi ffiVof ~~, \ilT~ w:[qf~ 

t ~ ~ "441(<1+-4 ~ I ~ cfiR1JT N@?l1 ifiT cf4fe-11,:;:-;\111-1 .... 
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( cutinization) ~ @ ~ ~ 1 ~1.afoti Nfu;:rf ~ ~ 
@ITT ~' m slfua (observed) ~"1c!a&4,}"4ii mwfu ~ 
~~ I 

~ (injured) <IT &.<1cfie-tzn ~ ( necrotic group) 
c!i1' ~ ~ 'c!"TU ITT:li "'1" cfilP-llcfilc(, ~ emf ~ [{ ~ 
am: u "1lc!ao1.1:I]f-tja ~ ~ 1 ~ ~ CflROT ~ <hif!llcfii3fl 

t~~-N"fuq1<•1•-l@ if~ (decrease)~@~~• 
~ ~ ~ ~ cfiT<OT ~ m @ ~ ~ f<fi ~ (wilt) 
~-f<Itn (toxins) "'1" ~ if;- ~ ~ ~-f+m:rrn ~ 
~ ( impregnated ) @ ;;rIB ~ 1 it ~ ~ <ITTfu­
<tiTaft iITU ~ ~ w:rcrr ~ ;;r@" ~' ~ it "qTcf ffl "'1" f-t;m­

fcrfu- "'1" '1ffir ffl cfi"m ~ I zy ~ if;- "qTcf ffl "'1" ~ cfiT ~ 
~ U ~ ~ gffl ~ I ~ ~ ~'lr<f SRfffi" @ffi ~ f<fi lf"q_ f¥1-11;ft 

(quinones) lITU sni,-;:r if;- 2;f,t.-flcfi<u1 (tanning) "'1" <FoR 
m "'1" f1t41 f<1 fu u ~mr @ 1 ~ mri'r.r ~ fcmrGc ~ 
(zoids) ij ~ ttrit ;;rIB ~ 1 

<fiIB ( Kahl-1951) ii" ~ f~1sHw-11 f<fi ~-~ ~ 
m"T.f ~ U f4w;1f@I ij ~ @ffi ~' '3~1~{uid: ClITTf if;- '!ffi'cfi"~ 

(bulb) "'7" ~ ~ "'1" ~r "'7" cf>'1fllicfi1d; ~ ~ fut t crrn 

~~ "1lc!ao1.1'.!i"4ii f~€A~l<:11 ~ 1 (~ ~ f<1w.1foa1 wrcrr ~ cfiT 

~ U, ~~it w:rcrr cfic1'f u [{ ~ "1lc!ao1.1'.!i"4ii f~€A~1a1 

~ 1 ~ cfiT<OT ifi1fll1<t,1ao1.1 <fi1' f<1w.1f@1 q-.:: srtrm simcr (shock 
effect)) @~ ~ 1 

~J;lf Gt1 eta cQ~i:Ft: 

(Abnormal plasmolysis) 
zy m (category) ij ~ ~ ~ (stimuli) 

if;- sr+rrcr tjfAJfod ~ ;;rr ~~';;fr f<fi cf>lfi!lcfii311 c!i1' ~ !f<TITTl 
~ lJT mi ~ f.tlif\Nfd rn Cf.::, "1-:tic!aoll,}f-tjd cfi'"<a' ~ I 
~ 'Efc'fT ~eflf-slll <t1..J1sf.-eij ( elodea canadensis) cit" 9'fu;:rr, 
mm:r ( zostera) "'1" ~ ( root tips) ~ fcrf'+t?f ~ t 
~ ( corrollas ) ( fcmrra: csiH:f"1~«1 boraginaceae ) 
c!i1' mi lT f1 Ii f \Nf d ffl !J1: 00 \ifT ijcfi'ffi' ~ I f (f c@cfi I 
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~ ctn" tfciiT m: ffi'mIT ~icii:oq,}-.:1ii ~ ~clf.:aa ~ I ~ 
~ (precise) mfucjcti f:t>l.llfct~ ~: ~ ~ 1 ~ ~= 

~ ffl!llT ctn" ;;rr ~ ~ f.ti el ,fl~ 1 ta ctn" q 1 <•14-4 a I t ~ ~ 
~ ifi' cfiRUT ~. f<:f<fficfil ~ ifi~IP-llifili:6q <tn"atTI. f/41'11~( ifi"UfT ~ I 

m ( Gross - 1940) ;l" ~ ~ f.ti ~ ~ ( marine 
diatom) fsa1~f~ll'1 ,;il~a;;;~,{ (Ditylium brightwelli) 
ifiT "fcl" ~ 9"mrU ~ ~ ~ f/41 ii I~ ( rn ~' cr-1" -mcr-iroll"ifi" cfiT 

~~~ 1 ~ mfu ~ ~ ctn" m-.tf:t>lll3fl (treatments) 
iITU ,rr ~ ~ f.t;1:rr \ill~~ I ,Nli5.(0ld: 16 <IT~ ffl ifi' 
~ anro cfivl" ij", ij'1q(lijU (isotonic) ~ ,,aigf~d ~ 

~ rn, ~ fit f:t>ll I ij" aft-( ~ srqra ( mechanical shock) 
«m~~~~ 1 m ~~f.ti~ ~ w ,nfu ~ 
~. f;;m- SfcITT"( ~ cil ;,i I u! ai'i ( resting spore) t ffl t Wfl!" 

~t:1 



,..... ,,..... ~ ~ ;:c. ""\• 
q;f~td-~11~1~1~1 ~ i$d~1 If ~-e--g~it 

(Water-balance in plant-cells and tissues) 

'fml1"T ~ an~T: 

(Definition and explanation) 

\ii fc1efo•1 (Frey-Wyssling-1953) if>T ""'1<4~<4 if>T rnorr" 
ifT11cfi ~ f<f<ffiifilatt t ~ ~ ~ t fcmwr ,wn it 
~ t~ ii mfuci; cfiRUTT t ~~ oqm-·srrfu ~ ~ <ft I 

"11<4~<4 m;, ~ Sj(q(-'4(3IT ~. m€trr ~ fum ~ cfrJT ~ ~ 

t:mf.tiQ,cfi ~ t~ ~~ii~ t I ~~ ~ ~ fcti" 

t11:1_<1fimff (coacervatis) iittl'lIT \if@T ~. ~ ~ t si,qcf<ii(o1 

(separation) t iITU f<f<ffiifil cfif ~ t, ~ WaJ ~ m 
mer~ ::,rra ~. ~ ... ,r.i.<ti,~<4 ii f-iffiift mrsrn, fc1,:.i,uii ~ ~ 

t, ~ ~ ~ if>T ~ ~ Gffm ~ I ~i:fit+ild {1qfqfcfi"1 

(Lepeschkin- 1950) i't \li-fcrnfw1 t ~ ITTTU~ e+11<?11<qi11 

cfl( ffiiT I ~ f.:r:~ {% if>lPlfcfiT, fcmm « l'4 "i lafi t ~ ~ 
t fcrITT:o'r if m@cfi <fm:cfi Q_cf) '11:l_tcl'AOj ffl cfi'm ~' ~ '3414~~"1 

<fm:cfi m ~ (directly) am: ~er ( indirectly ) ~ u 
+l*cl'Aoi ~ ~ 

e1a1<01a: ~ +IT'1T ~ ~ f.fi' ~ (nuclei), ~ 
(plastids), am: +11<til1<til~ (mitochondria)~~ 
flHF~~zi,· (differentially permeable ~embranes) iITU ftft 
wt & , ~ wtm: ... ,r111•tMrr t mo< ~ ~ ij(-'4"11~ m q-(f­

'tl"(UIT ~ if>T -.rffu ~ ~ ~ S@lcf i@r & I 
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~~«~mm t ~ f.mr-~ ~{'iiji11ct, ~ ~ ~ 

~ifn"fcrn-<or~~tffl'-f~il~<fTI"<tTTfi1mcfi"(ffi'tl~ 
~~~o1n.1•1+1c11~cfi ~ (disturbed) ~cflm 

srcrnr~~ 1 ~ Fffllf ifTI" ~. fttli1H1<01 (translocation), 
~ il ~. '!fICt"u cfiT ~ il qf,cqai1 lfT ~ €r-t; ~ 

(vice versa) ~ m¥ cfiT sir€r,; ii qf,cqai1 iITU, qfo=1@a ~ 

~ "ITlf cl'cf fcrn-<or~ it m q f ,cqa'1 ~ 'Gf@T t 1 ~ •h{,1(-q~ 

iifllfillcfi ,act t ~ ~ ~ ~ il ~ cfiT 2:{: fc@""{ur ~ ~ I ~ 
(Lundegardh-1950) ;t- ~ t ~ il ~srtiR t qfo:1ai11-t 
'Sl"+Wfl cfiT ffl fct;'zrr ! I 

~ cJlTT « ~ ~ t f.mrnr 'ifT1TT it ~ t fcrcrorr cfiT ~ 
~ ~ t:1 crcm (Butler-1953) ii'~~ (estimate) 
f.f;;n' f.fi' ~ ~ ~ it 70 « 7 5 'Sfm@" cl'cf, ~ ( "ITT iITU) 

f<fcfficfii3TT ii", 5 srfumr cifllflllcfi(S:&I it am:: 20 « 25 smr.mr cl'cf, ~ 

ij- qJlfT 'GfffiT ~ I ~ it ~ ~ ~ it « ~ ~ ffll:r(cl" 
S11:!JOO ( continuous system ) q,f'@'f ! am: cifl1filtcfitilo4 it 

~= ffll:r(cl" m ~ t: 1 ~ F<fcfficfita?t it~ f.f:~ r .. r-a\§"1 

( discontinuous ) ~ ! 1 ~ inrrr ;amrr ! f.f;' 4>lfiltcfi1stoq 

it ~ ~~ 9;f'f.ror ~ ~. ~ ~ '11"ic1s:o4a,wr,1 (plas­
modesmata) :aqff1!4ct ~ & 1 ~ '11ic1S:"4ct~cfi iifucfict < ~ 
~ cifllfllicfil3tl' ifTI" NRfll1 it ~ cifl1filtcfitS:o4 t at.ff iITU 
"ff",-~~~'~ tjifl4clct '111cii:&lcf>l "fll "II~~ ~ '1'1\'1 ~ \:!_ I ~ 9;1""~;tjkjf..t1ct 

(interconnected) 4,1fi11ifi1tt cfi'm~ foJ¼lte. (symplast) 
lfT foµ:~1~+1 i11+1if"f>ct ~ \ifl'~& 1 mror (Arisz-1953- 54) 
ii'~ f.f;' ~ mTcfiT « ~ ~ cl'cf, ~ cfiT ~ ~ 
«~~~cifll'~ foJ¼lttc! ~'+IWf+l'«~~I ~ i:rr,rr 

;;nm t f.f;' ~= ~ ~ « ~ ~-~ ifTI" ~ mfi:rn" ll'r-iT 

~ +l11T iITU ~ ~ t:1 ~ (Lambertz-1954) 
ii' ~ CfiW f.fi' ~ ccl"i:iT (epidermal) 4,')fi11cfi1at1 cifll' illlP' 
f;:m=rlrr it m '11lcli:o4cl'Wf>I qw ~~I ~ ~ ~-wfu: f~4k+lifi ~ 
it ~ ~ cfiT ~ cifll' ~ ~ f;q'r,'I' « ~ cfivtT 

~I 



clitf.ilcfi(',tl ~ ~ it ~ im- ~T: 

( The state of water in cells and tissues) 

~ ~ ifi ~ ~ cfi1" •,Ui4!14ificll ~ -mfr-mfu ~~I 
cf,,r.11 ... 14 «f-;f>4a,ari ctft- ~ CfiT f.:rtffir rn if ~-<t>,foifi,311 cfiT 

~-aTTTsrr<T:f.rnm-<fiTW (determining factor) ~~ 1 ~ 

~ 10 ~ ~ w WfiITT t:, am: ~ fcfi ~ ( dormant ) 
~ cfiT <lllT am- 10 ~ ~ ,ft <filf ~ ~ ~ am: ~ TT '41" 
rf>lf~li>ll! «f"'ti4clltZ mt-mt~ Wfil ~I~ GJ't;;ff cfiT ~-3f!IT ~T 

;;mJT ~' clcl ifi'if~l<t>l4 «f-;fillc1l'-! 1TT ~ \iffiTT ~' ~ 4ii;,if4~9 ~ 

~ ;;mJT ~ I 

f<f;m m it ~ ifiT srfmrn ~ .a'iii:11c:1· ... i,1 (fluctuation) 
roam WficTT ~ I ~ ~ m cf,1' ~ ~ mm if q f<clc1"l, 

~ c:11a1c:1<<!.i't4 ifiT«ITT ?i fctfcrna, (variation) ~ ~ 1 fcrf~ 

~~it~<fi'T'Sfm@" ~~~ f+rn:r-f'q,Tf ~ ~I ~ 

ll'~~ ~~ CfiT~ ifm- ifi~~~~TT 
1TT f<mrnf ~ it ~ cfi1" ~ f+Fr-f+Fr @-ft I -3Gi€?_«!}cl: fcmm" 

m@'41 ifi ~ ~ m ~ ~ ( constant relative 
humidity) ctft- ~ it ~ ~ ~ 1 ocT ~ f,r,:;,-f+Fr ;,m­
om ~ rn ~. («-roffr 4) ~ ~ ~ fcfi {cf>} hrfu"rrr 
i'fi if>"'Mi~-s"1 ~ 'li1 «fAlfoa cfim ~ mtcfiT ifiT ~ am: 3ie1<fi 

ctft- rnrrr, (~) if>1nnifi13i~r if ~ am: if>"'Mi~-sl ..,,. ~ izcr 
Wfin:: I (if) f<fcfuifildif am:~ ifiT ~ am: ('ti) al"ITT::CfiT­
~ ~ ifiT ~. ~ ~ ~ ..,,. ~-~ Wif ..,,. ~ 

cfl1' SMTfcra cfim ~' am:~ «of CfiTr-lTCfiT ifi fcriJim 1Z<f ~ ifi ~ q fot@d 

~~~I 

«-roffl" 4- ifi ITT"U ~ lT 80 ~- TT ~ ~ f<mrnf ~ ifiT 

~-aTTT m ~ SITTf!l'Rf it f<Nr ~ ~ 1 (~, Boswell, ¥1", 
Toole,~ ftfilITT: and Fisher-1940 t ~)1 



~-<fiTfflclTToft am: oic1<1it it ~~ 

~ro,tt-4 

c11q+i-s{,f 'ITT" mm 
0 

~ctil~ 78% 66% 
smr.na ;pft smr.na .p:ff 

00 <ITT' 00 <ITT' 

m;JT~ 15.7 11.3 
(Lime Bean) 
qcf.fi ~ 15.5 10.7 
(Kidney Bean) 

~ 
0 14.9 9.9 
(Beet) 
m;c'fi 14.3 11.2 
(Spinach) 

tllFif 13.1 10.2 
(Onion) 

im;r'qllf 

( Sweet corn) 
12.9 10.3 

~ 12.5 8.9 
(Carrot) 

~ 11. 2 8.9 
(tomato) 

ilrGOO 10.0 7.3 
(Cabbage) 
ire{~ 8.2 5.6 
(Pea nut) 

tti)f.Uctil3i'f q ~ tlroil ~ ~ ~: 
(Water holding forces in cells) 

I 
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44% 
smr.na itlTT 

-rr-ir <ITT' 

8.6 

7.3 

7 .1 

8.4 

7.4 

7.3 

6.5 

6.8 

5.3 

4.2 

\iIT<f"-f<mr.r 5101f~41 it mfircr-t; ~ <ITT' ~ ~ fqN"1di 

(diversity) ~ ~ t: 1 ~ fqNnidl ~ltli«!I amAT 
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~ ~ ~an a<fi 1ITlft GfTffi ~ I ~ ~ ~ ~ (fibrils) 
~ ~ srtm: t aia<l'!IS6 (interfaces) if ~ cm­
fcmr,: ifdT ~ ~ cfiT mmTT t I ~ mcfiT< ~ ~ if 
~ Wfif'< ~ fqfW-idi3ll cfiT, ~ ~ fqMnidl CfiT sifaf.tfocct cfl<iTT 

~ I ~ SI fa f-1 foci:! 'WR~ if ~ aT 'filt" ~ Cfilt" mllT if aT <fivlT 

~~I~ ~cm- fqM'$1dl ~if~~~~~ afR '3',f ~­

~tJJ:an iilT ~ if>'1focti'14 rn<TT if 41<•1¥M (permeate) 
rn ~, ~ ef~dl cfiT Sl'mfc@" rn ~I~ qrWf ~ t ~ IDif 

cf;) ~ rn t ~ ~ si~11f~41· (Biological systems) 
if ~ 7>!,j,tfrU(ri ~ ~ ~ I 

WJlfdT t fuQ; ~ ~ irr.r WITTt ~ fefi' fct;m mm if Ri'm ~ ~ 
~ ~ WJ!, Cfllf "lTT ~ mlTT if q {It! <i:tft offil, 3fcf:~ <I'm, 7>!TlR1 
m ~ant "1\-141"' ... t atm ~mm~ iITTT ffl"(d' Ri'"lTT ;;rr 

mT ~ I ~ ~ ~ ~ t Ri' i:litdfqcfidl it~~ t ~ 
qi)-{ ~ ~ (distinction) ,t't- w ~ ~ ~ ~ t 1 

9,1121f.tcfi (ionic), e~41Jtcfi (covalent) fir~ (dipole) 
~ ~1~~1;,ir1 cm (hydrogen bonds), ~ii<tf,i1cfi1 ~ (micro­
capillary forces) am: fcram t ,,40!4€4 SMfcf ( colligative 
effects), ~ ~ CfiT ef.:iifoa Sl"'q"fcf ~ 3i"1T cf;) 'filt" 'fi"(d'T t am: 
~ ~ t ~ ~ cfiT m ~ 'fi"(d'T t ( Crafts, ~. 
Currier~ ~ mNi1T, and Stcking-1949) , if>lf'11cfi13tt it 
~ ~ ~ CfiT ITTT< rn ~ 1. fcrn<fi if, q <m <<!.n ~ 2. m<A1 

arr< mi1<r ~ t ;,iwf'F>t.=i 3. ,ij\-1,(-,i@ 4>1<-11>:is'i ITT"<T ~ ~ 3@":­

mur'" am: 4: ~+r cfiTfuCfiTm t ~ fq~ii,-1 ~ ~ mR 
'Sfcfi"<17TT 41:: fcrcITT' ifi"{rjT ~ ~ ~ ~ I 

ttilfoctirq- m cfiT ~iif<f: 
(Hydration of cellular constituents) 

.., " .... ~ 
Urilc'lcfi ~1-t;.ihtrl rllfik-141{ ~ ';f1.0llc'lifi 311¾1:.ilrl ~ 'j,'1\"11 

(pairs) t~~ ~ t"~, ~-WJJ;ii ~ ~ ~ ~~~ 
(moment) ~ ~ 1 ~ ~-WJJ: ~ cfiT fcf;m m ~ ~ t 
mt am: m~ ( orient) cfi"( ~ ~. m Ri' ~ ~ cfiT 

~ Wf'< ~ ~ ( electrostatic field) 'SRlif ~ ~ 1 ~ llT 
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macJi ~ ~ <f;T ~. !:Tcftlf ~ ~ ~ ~ cf,"){,fj~~1 t 
~ ;,;rfsi rc1:m1 ( orientaiion) ~Q.cr ~ (association) 
ut{141Gtii (hydration) ifi(¥11a1 ~ 1 

~~~cmm~~fci; ~11 ~m~t~~ 
oTT",c. cfil{,fh~M Gl{,f41Gtiil m akf:ll'T'tqur t ~ ~ m m 00 ~ 
~ m WficTT I ~ ~ SMm ifiT ~ rn t fflQ, '11{141'11'1 t 
~ <f;T ~ fci;m m Wflffi ~ I cfil{,f i~is{,f «(V.11 t ~ ~ t ~ 
ifilakf:lff'lq,lr~ ~ ffl ~ ~l I~~ t Gj{,f41Gi'1 

ij' <fill ij' ifi1l '<1'W -d~l~{off t ~~~it~ 31n: ~ 
it ~ fci;m m Wflffi l r 

fcrn<rr it "1i.0 ii~'1ifi mwr -Et'114qffi ~ ~ t aiik'1ifi fuu 
~ 

ifiT 'J,iicfiMd rn ~arr{~ SfcfITT: ~ -Elf:Mdl ifiT ~ rn ~ I 
~ oTI"{ 8iil<l"'1' -Eli'tl.-lld; -;ifi.Oiil!ii ij' ~ ~ ~ I ~ 8iIT<A' ~-9,j"O_[ 
t':ftOll~'tefi !:lqifiT'J,jlefiMd ~~-~ifilffla<f;~t ~ 
iJ,iMf<l.-ll rn i I ~ Sfcfi"{Uf ~ ,;mif<1.-ll~ ~~, ~ ~ "~ ~ 'tll{'lJ 

l ~ ~ ~ Wflffi l, \iJof ~ cii9641Gtifi (polyvalent) ~ 
t~~ij~r~ifiTfucfiTij~t~mwr,'11(1 ~ 
t~ (swarm) ID"Uftrt ~ ~' ii" '11(1 ~ ~ ~ fcmm­
srm: t Gfm iITU srmfcra" ~ t I ~ '11(1 'J,i1J,[ ;;ft fci; mWf t ~ 
~ ~ 'Gfffi ~. 9,jfilf<1.-ll~ (oriented) ~ ~$di';t.¥ti 'J,iiifiNd 

iii"{ ~ 'Gfffi ~ I ~-~ ij' fflcf'1" ~ ~ ~ It"{ ~. ~ &f 
mf'414lcfi<.OI (fixation)~~ (strength)cfilf~, ~ 
~ ij' -am 641'1icfidl (valency) t ffllliIT t ~ ~'&cf;~ fct; 
it1Z1f.,ifi ~ (ionic radius) ru@;fT m ~. -awrr ~ i('{,\' ~ 
ffi7,f ~ I ~ cfiT{UT 'cm" ffl'lf'1" ~ Gi{141Gtii a;;;rt "<.W ~ I 

-a~1~Na: ~ ~ 4<'1•0!ql4 ~ (atomic radii) 
f.,"'1ifcfia "fill" it~ (diminish) ~ ~, 

Cs > Rb > K >. Na > Li 

~ ~ ~ ~ Gj{,141"1'1 ~ mfr ~ ~ ij ~­

Li > Na > K > Rb > Cs 
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~ ~ ~ (Hober -1945) am: ~ fcrnf<.1•1 (Frey­

Wyssling - 1948) ~ ~ ! 1 

~ ~ ~ ~ t ~ m-ftrn ~ ij" ~ ~ it 
\iffi ~ ctfi" mlfT ~ ~ t ~~ ~ ~ ij" ~ t I '3~1~{0(d: 

4U-!ll4+1 m<Al ~ ~ m<Fll ctfi" '-114f<iifi ~ ~ 
m ~ ~. ~ .fifffi4+1 ~ ~ ,,.kt41f111a i@" ~ 1 ct1fffi4Jt 

'ffllA1 ctfi" "'l1.141f,.;ia 3"ilT ~ 410 f4~1~1+1 ~ 'Slfu m+r ~ 
m<Rr ~ ~. ~ ~ m<FIT ctfi" "'l1.1lf1f111a 3"ilT ~ 96 
fcf>\1'1•,H+l ~ 'SITTf m+r lTI"<-1' ~~~I • 

"'1cf ~ qf<ffitfa4i m ~ ~. a-ci ;,.i1.1fc1<lt11 if>'11.11~~1· t ~ 
'ffllA1 ctfi" tj4',;,.iifia 1, ~ •-14f.4?;_41 (electrolytes) ctfi" 3;Ur,:r 
(floceulation) l!Jlfd'T :nIB cfl{ITT ~ 1 !/l(.'Ji ~ (Schulze 
Hardy) cfiT f.ri:r+r ~ ~ fcf; m<FIT, ~ ~ if>1&11~s<.1 

~ t ~ ::rl=r \ 'fil :e41;,.i ifia I ir m t ~ mrcr \1,14 f.4 c.41 ctfi" 3;Ur,:r 't?_l\11 (?_ c. ~ "" 

~~--ififr-r ~ ~ (geometrical progression) it 
~ t I ~ m~ "llqi:641 if>'Mhs "'1<.1~@ ~ ~. ;i;ra: ~ 
ltll'f rf ~ ~ lIT ~ t ~ ~ f.:nn: ifi"m ~, ~ ~ \iffi 
lITiil'rf ctfi" mlfT ~ 'iTI" '3cf,TT ~ ~ ~ f.:nn: ifi"m ~ I 

~ ifiTmcfiT t ~ ~ ~ "iTTU 3TI"{ ~~cf@ fcm:rn ~ 
cpl' "'1<.141"'1'1 ~ am d'fi ~ ij" "'1P.11cf,')4 TIT am: srcraY ~ ~ t 
m <f,)- mer ifiW 1 ~ \l,l"<.1'Tqf 41<.<IR@, ~ fflcf (salt 
secretion), "'"'lqs:01:ft ~ ( protoplasmic streaming) 
~ 1ft" ~ t SNJcr ifi1" :nIB ifiW I 

re41~1Nifi (Liyotropic) lIT i!4i'1"1tU (Hofmeister) 
~ ctfi" ~ t m;ip;rrf ij" ~ m~ ~ mo ~ ;,.mrr t W 
if>l<.1fa:s<.1 sio11fo41 ir ~ t ~ if ~ ~ ~ til(l"'fific11 

~ ijf.=+1foa ~ ~ 1 ~cfiT ~ (agar) t ~ ctfi" mlfT 
~ m, "'l<.141f'1ia ITTlAl ctfi" ~ ~_f.r'lh: ifi«tT ~. "'1cf d'fi fci> ~ 
qf<ffiifa4i~~~ (~ fc1ijf<.1i1-1948) 1 ~ (lithium) 
am: ~ (sodium) it ~ mlfT d'fi ~ ~ ~. am 
~ m ~ t snITTl t ~ mmfur ~I ~ ERTlrrf 



f-,...,ifcfia ~ (series) ~ ,;rm- ~ am: ~ ~ Gt\141\il-l 

~ it;~ @@mt1 

Li > Na > K > Rb > Cs 

~mm~ m f.t;-~ ~ ij'<fi \il{-14lf"1a <1TI" inrr t, .,-~ 
ffllA' it ~ ~ ~ fcrw.r ( nonionized Solutes ) m \il'\1' 

t~q1uqf(cfi ~rn~, ~~~fcre.ff t~SNM 
it; mrTclT ~~\TT \il'\1' ~it;~~ <1TI" lftn@T ~ ~ I '1'-1" ... ... ... 
atfllFi""~ if,lPll'illll fcrem ~ 111'ITTJ WJJ; ~: ~ ~. am: ~ mm t 
~ ~ TT fern~~ SJllTCf ffiffi ~ 1 QF~s~l~s (aldehyde) 

ll'T ifi1it;:r (ketone)~ am: ~1~ (alcohol) t OH ~ 
<1TI" .aqfti4fa t cfiR11T~ ~<1TI" ~ mm~ ~t. am: 
ij_l~~l\Jfrl cim t iITU \il'\1'-'WlpTT <in' ~ ~ m @"ITT ~ I 

( cti1P.ucti1tf m ~, ~~·tih11.:t) 
( Hydration of cellular constituents) 

mm f\ffiflll iITU \il'\1'-~. lilsl@': a1~sl,ijl~\1 = iITU ~ ~ ~ "~~~ 

~•~~l\Jfrl ..r,:!:T<li (hydrogen bonding) t cfiR1IT ~ l 1 ~ ~­

i)'1fi~\1 ~ fl@i\'ll\Jf TTmffir (miscelles) <1TI" ~ TT ~ 
~ il'm ~ Gt\1<-<1@ ~=~ rn g'l:( ~ ( infiltrating 
materials) t ;;ifu; ~ ( complex swelling) t ~ 
iir11c:ifo, (exposed) ~ ~ 1 

~~it; \ij'\1' ~~~it;~. ~ ~ ~­
~ ~ iITU \ij'\1' "lc:t!!r\Nd ~ ~ f.t;-ll'f ;arrcrr l, 'ij'ffi"-'iIT@' 

fflcf if@' ~ 1 ~ ~ ii t<il~\1 < ,ref "l"l"f ( Sponsler and Bath-
1942), ~ (Seifriz-1946)aitt iii~(Frey-Wyssling 
1948) cfiT ~ ~ ~ 1 4lf~CIG!i~s ~ ( Polypeptide-

. backbones) aitt ffl'f ~~ TT \Jfi;,it<i@ ~ iITU 

~•~~l\Jfrl ~ t iITU ~ ~ \il'\1' ~ ~ l I ~ 
\il'\1' ~ ~ ( connecting bridges) <1TI" mfcr ~ 
am: tfi"lf i1TI" mfu qlf~4G!l~s i5ITTTT t ~ (~'6Nicfil '11\i) t ;rr-;:r 

~ ~ t 1 ~ (lipids) iITU \Jf\1<-<1@ ~ cfiT ii'ltFr 
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rn ~ f.j;,t~"Ff,<01 ( dehydration) ~ ~ <pf :at1<1t1< 

~ ~ ijcfifil ~ I ~ afn: :l;fi'lf fcrWT ~ t q {I« {oft ~ 
<pf~ rn ~, am:~ <rr ~ ffiVrTT ITT"U ~ ;;i<;,t1.11;;i r1 cfiT 
~ ~ 'qcT ~ ~ I 

f<f<ttlifil3fi lj" ~ m(OT ffl ~~~~if 4(1:a(Uft 

~ ~' ~ ctili;,ti~s"1 ~ (fc1w:p,fti;,t) snirrr, 9-f~~;,i ~) mm­
~=~~~, am:~~ !f't ~miWra~~, ~ 
~-~~~it~~ ffl'iT ~ 9-l«lf.11(0( T'TT <fir ~ 

'1fR'iT ma- tl(q!14<fi ~ I cffilTTrr 'ift.c.if,101 ~ ~ fit; 9-l'UJ: lll<if.,,'dlif>i 

&14ffl!la (randomly arranged) &1f-cfille1 ~ t ~ 
~ ~ ;;m;fcfi iifffl ( lattice network) c€I" mfu 'Zifi" ~ 
t ~ t11cfiwa ~ ;;i-ra ~ 1 ~ tf1ll3TT tc:r;:a-~ 4fo1@a ~ ~ 
~ I ~ t ~ fqi;,t(Wfi T'f 3ITT. <t>l<;1ii!i_sj 'ifi1' ;,iw:?1fJ1a ffl <l>l" 
~ <pf ~ 'fiT<UT mfocfcfi ~ <l>l" ~ ~ am: i:!_1~~1"1'1 

Gf'Ef ~ <l>l" ~ ~ I 

~ ~ .. g{-1;, '!fit Sf'ifW@ ~ qffl ~= 

( Factors affecting water balance ) 
~ if>lfillifildll if~~ 'ifi1' fcmr;r Wfif<<l>l" sifafaq1ari 

lff Sl'cnif iIT<T dloll4R14cl ~ "1T mT ~' ~ 41<.<l'-llcll if 4f<4arl, 

'ifi1'fucfiT i:'oll" <pf ~ (f<f<ffiifil ~), -3414~~') Slfaf'iillll{ (tin'f 

~ <pf '!1T'ti'<T if 4f<crcA"), ~ <pf «ii"j4qcff if>lf>llifil3tl if =f4=1-1=1rct=<,.,..01 

am: 41G1:?1ct1-iirl I atltGWl-dc (Osterhout-1945) ~ ~1~<1•111.l<I 

( spirogyra) t i:!_f«1<;14ifi (chloroplast) 'ifi1' ~ ID"<T 

!fitf 'ifi1'fucfiT t ~ ~ N[l@ ~ m~,a-~ I ~ fcmrt;c !ti lcfirl I fllil.ll 

(herbicides) iIT<T f.j;,ffqo( (Killing) ~ S11<f'-il'fi ~ 
~ if>lfll1cfi1S:&1 am: ~ <fir ~ ~~ (characteristic) 
~ I ~ q'Vq'@' f..1',ifficf,(U( ~ ~' ~ ~ el@" tl'i<:'Ti+!Uftq­

(irreVersible) ~ ~ (CfifuR: Carrier-1949) 1 

qlcliq(O( if qfo48'1 t ~ cfi1ftr.fiT Uf <l>l" m,:m qfol@cl 

(vary) ~ "(i:!_cTT ~ 1 mm~ (moisture stress) it 
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~ t ~ mm "ffl t q <ae <ufl ~if~~~ 1 ffl ( Gasser-
1942) if-3if tJlaT cf>l"W~ <fiT ~~;;ft~~ 
«JiIBT 'ITT qfd~ttfo•fi ~ ~~it 1 95 ~ t inm if ~ 69 ~ 
"' 
~ mrr t 15 ~ 223 smnmr a"f> q <m <ufl4 ( osmotically) 
~ ~ it~ f«<ii{-11{ I ~ Sl'Cf>TT ~ fcm1" it fqti(Mii 
(shift), "'W fct. qadaq<ua ~ ~ iITU ~ ~ (saturate) 
~t,srmrn-~'1!T~~I 



• 
~ ~ Q-qijl~ 

( Movement of water) 

~ "', 11iicfi13t r it ul1i 'fit ~ <ii" srctm: « itm ~- Si'({lf tfU­

~ fcrfu am:I~ '-14 <m <ufl (non-osmotic) fcrfu. llWftr ~ 
~ « ~ ~ cfef; '-If~ u11i 4(iij(OTI ~ iITTT @' 
ir@" lfi"{ffi ~' ~ '-14 (it! (Ufl ~ iITTT 'iIT ul1i 'fit~~ @m ~ I 

\iffl ifiT 4(1fl(UIT ~: 

( Osmotic movement of water ) 
m 11 (~ 75) ~ e,fjqqctf n...,.~,u ct,lf:licfil3TT <ITT"~ ~. 

mrsrctm: f<fi~~~ t ~ ir ~t:l;cfi" q-or t quiiwfklcfi 

( mesophyll) it ~ ~ ~. <ti"T '-I l°<¼A''i4 ( diagramatically) 
iilf « ~ lfi"{ffi t: I ~ t ~ lf€i: irAT ;rm t f<fi srro:1f 1f ~ 
ct,111!icfilci; ~ 4(Hl(OTI fql!'q", f'iffit'Glcl', am:~~~~ 

~ 1 '-lcf irA" ~ f<fi ~ « ul1i q 4fo-11 <01 ( surroundins) 
it~~ ;rm-1 ~ m ~ ~ ~ q -mfcr.~-i=l!- ~ 
mT<fiT ;m ~ ~ ~ I lf€i: '3~1ti.(OI ~ ~ 'fit @lfT 
~ qt:l;cfi" aia<lct,lfo<f>l <tF!~ ~ 1 ~: (alternatively) 
q ~ ~ ct,(f11icfil¼ ~ ~ ~ ~ ~ 4T ~ ~ ~ ~ ~ 
~ , ~ ~ ir ul1i rr mm -m fllfuin « ~ ~ l, mt 
~ ~ sroi:r t:tci Pcfcfdcfil « ul1i 'fit srcma ~ ~ I ~ <ii" ~ 
w lfi"{ffi ~ 1 ~ ~ f<fcfdcfil w 9~firc1nrr,;r ~ ;;rnrr ~ ~ mft4' 
~ f<fi ~ ~ ~ ~ 'ii<H~~ Nm G1cl' <ti'f ~ "flm ~ I 
~ ij&jjcfi(Oj fcr ~ rl!-4"-GT-N ~ 'fit~ ~ f~Q<Hldl ~ f<fi ~ 
<il";ft ~ rr cfi1ftm cf,1" fcr-~-rl! cfiT ~ ~ 1 ~ ifil <01<1!/1 ~ m 
cfiTftm-Nfu" ij" \ij"i;,f" <tiT '-lcl!/flElUI ~ ~' i:fcf cfilftm rr&f ij° 3ITT Wij" 

it~cfi1TTITcfiTCfil f<fcfdcfil ij"\ij"i;,f"'f>1 '-lcl!/i1El 01 ~~I~ q"ffi"ff ~ 
~ ffi 'fl"ffir srmfcrcr ~ GfTITT ~ I W 'Sl"<lil1: 'tfG'fT3TT <tiT ~ ~ ~ 
qJ' \ilTITT & I 
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ITT 11-~ mfcfiT ij" ~ mfcfiT i:i' ~ t flflitlrd( ~ t 
qifif~cfi miff cfiT ~ t ~ fflW I ¥° ~ aT"{ f(fcfficfil lfJ1T cfiT 
cR@@" tam:~ ffi"{ ~ ~ f'4lffilft ~ mfcfiT ~ t ~ 
t ~ cfiT W@' ~ t I 

9 

@) @ 
10 +- --12 '4- -17 +- --13 ,_ -15 '-· -13 + --14 4-- -. 

m 12-fcr. ~- ~- 'Sfcf'O@Tt ~ qw,~it, .., ... r.1,cfi1afi <t1- t:{<ll ~ 
ij"~~~ flfl<1lrd(<l>1 f-iil'llifefia mt~ fflW I f.l:fcfficfil q-(f­
m:uft fcrqq ~ 'J;l"&TIJ ~. fiffu-GTer ~ ~ i:i' ~ qf(Ollitl 

(resultant) fcr. ~-~ in:~ f~(d{•W:f1 if1.fi ~ 1 ~ ~ ~ mer 
~ ~ am: itRPTm t: I 

~ m ll i:i' ~ atfcrn (dotted) ffiif iITU f~<s\'lllil 
~ ~' ~ if>lr.llcfi13il ~~~(wick) ~irffirffl cfi"(ffi 
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t 1 ~ '3'-« ~ ijcfi" ffl ~ t ;;jq ijcfi" frfi" ~ (source) ~ 
;;rn ~ ~ ij" SJTCij" ~ 1 ~ ..,1r.i1cti1~ {;cf ijcfi" mo~ t'., ;;jq ijcfi" w 
;;rn <fiT ~ ~ WIT t 1 ~ ;;rn <fiT ~ (supply) 
mfi@"i!"iiITTITt,m~ ~i!";;rnn-t, oITT:WG!!TTif>1"~~ 

( wilting ) ~ t 1 ~ ~ '@" ffl-11ffir ~ ~ ~. w 
\;@ cfiT oia'cfiT ij" ~ ~ fcr ~ ~ 'SlcfO@T t ~ t iITU q)fl«r 

Ri<IT iiITTIT t I 

llW ~ ~ ~ ~ t: f.t;- mm ij" cfi1TifcfiT ijcfi" ;;rn t tfiRiif 
~fuct~,,.,q!l4cfi ~tfrfi"~rnq"j'ffi"cfilTifcfiTcfil 4<m<an Fcrircr 

SRA" rn q"j'ffi" cfi1TifcfiT ij" ~ '@" ~ I if> l P-llcfi iaIT <ITT" fcm"<ur ~ 
~maiTihr~ '@" q 1wfc1cfi -q'@;f ~ ~ t I if>1Wlcfil3tl t ~~ 
q <HI {Ui) fcrqq '@" ~ ~ ~ if@ ~ 1 w Wfi1"{ ;;rn m 12 it 
r~Q\"114' -m m if ~r ~ cfiW, ~ ..,,r.11ifi1at1 it, 4<m<un fcrqq 

~ ;avq(q-q-1 (:fluctuations)~ ~1 ~ cfil"<UT ~ ~ 

W ~ ~ 4{(ij{UTI R'ifcf ~ Nffi~iIT<T~~ ~ I 
~ f.r.itq- oia'cfiT if 10 <fF!· Qcfi if>ll1licfiiatl t lfSlf 4{(ij{UTI f.r'+fcf ~ 

~ti 

w ~ <ti) ij I <inild rn ij" ~~~mm ij" ~ cfimTcliT 

ijcfi" \;@ ~ t\l('1(..ij{O( cfi1" W ~ c!TT° ~ f~qjfqftl t fcrq.r it ~ 
ij I q ti I .ft ~ ~ ~ I ifi1ffli1iT Iii' ij" ifi1ffli1iT IT d'P ~ t ~ 
t ~ ~ "4(q!l4cfi if@ t: f.t;- if>1mcfi"I f<f<k1ifii3\1 if~ ~ ~ ~ 
cfi=t I ;;jq ;;rn 'if>1rnifiT flfR=r am: tf ~ ifi1ffli1iT ~ ij" ~ ~ t, air 

w ~ <ITT" tffil' rr ~ f<f<kiifiiat1 ~ <ITT" ;;nm- t, ~ frfi" om: 'cfUT;; Ri4T 
tJ'l1T t:, ~ cfilf.lrifiT ~ <ITT" ~ flr@ l1;<f ~ ~ ij" ,ft- <ITT" ~ 
t I w~t1TI1Tm 11 itmdfuij" f~Q\"11a ~~ 1 ,,.,qf.tcti ~. 

~ f.t;- ~ ij" ~ ~ (labelled) ~ ~ ;;rn t lfl1f 

cfiT "4¥1{0( RicIT tJ'lJT t, ~ ~ t'. f.t;- ~ ~ trfi-m" 'q"Ri ij" ~ 
~'qecfilij" ~~ifi"<ffi'll lfflfir ~~ if>7"~lt~ 

~ f.t;- ~ cfi1TTlAi1" cfiT ffl8'fiijlf ffl"lRA" f<fcfucfii ~ cfiroiT ~ ~. ~ 
srrzr: ~@ t fct;-~ cfi1" ijq ij" ~ lJr-IT n:fcfucfii lTI1T ij" ~ 

~~I 
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~ ~ o14(1fl(UO ~= 

(Non osmotic movement of water) 
~ ~ ~ ~ f.t, it fttcfid '1 ~ q ((ti (OTI dfailT iITU '@" ~ 

cfi(ijT ~, ~ '511; ifiT ~ 'if!ll ~q ((ij (Of\ ~ iITU 'TT ~ cfi(ijT 

~ I ~q((ij(Of\ ~~:ffiifSl"ifiT( «~~-
}. am:mmr m-r Fcmr iITU 

2. ;aq(q'qzfl f.tizrr fcmr irm 

3. ~ q ((ij (0( f.t;zn' fcmT ifm 

( 1) oJiij':mftm ~ ,ijffl fct; ~ ~ cfm:rr ~ ~ fct; ~ ~ 
llTT'iifi' if ;;i.r ,ft '511; ~ ~ ~ ~ tl'114clffi ~ « ~ 
~ t, d'<f ~ « ~ o{rd":~ if ... lffif <l><dT t I ~ 'ITT am: 
~ 4>1{-li~il ~ ~ 'iiffir ~ iw-non ij '5l1i amr:mqvr ~ 
ij"ifi'ffftam:mtir~ «~~\il<f~~~ij ~ I ~ ~ 
f<:r.lrrm: ~ ~ t mi:r ij m <ti1" ~ t m f.f.- 4,1r.ncfi1,rjcitg 

~ q (jij (Of\ f q'lfq ifm '511; it cl !!rl<'t 0( ffl ~ ~ ~ ~ '511; ifiT 

~c1!lntto1 rn ~ 1 ~ (ovulary) t ~ ~ ij 4'ifi" ~ 
~ (ovules) if ,ft '5l1i <tiT ~ itcl!!rltto1 IIT'U ~ ~ 1 

~ am: er-ft t fmiu ~ '1clf.tf+td cfilNicfilli ~. tram fil'ffl'll' 
... _ _::~ ~ 0 

~ t1¥t~ll1tt'h1 (isodiametric) am: <liT4rr <fill ""'f<=f<kl~..,-1 "qqrf 

(vacuolation) $ ~ t 1 ~ [{ ~ tfra t m 
ij ~ ifiT mitr ~ ~ -.1~cfi<o1 (elongation) ~ ~ am: 
~ <tiT ,;rfu-t,i!II ~ ~ ¢ f<f<fficfil ifiT 'q'vfT srrzyq- ~ 

~ ~ I Gl~cfi(Oj am: f<f'ttlcfi( "qqrf ~ t ~ ~ '511; itcl!lrlMd 

f.ti;:rr sif@T ~. CflITf.t> ~ 4,1r,nct,1atr t~ ~ iroll" irm ~ 
oRf:!ITTlfUT ~ t I~ itcl!!rl<'tO( :t; CfiRUT '11T ~ ~ ~, ~ iifilTifcfiT 

marr (enlargement) t fuQ. it I cl !lllcfi "fRi'1' offi ~ cfiTcIT ~ I 
~ ifj!j'qq'1('1cfi ~ ~ fifi \il<f !flal ~ ifcl!j(l<'40( « ~ if ~ 
c!Mlffi,,h1 ~ <fi{-ltc1~ ~ '5l1i ~ ~ ~ ~. crar IITTIT ~ ;fir 
if~ ~ ( severe retardation) ~ t 1 

crgcr ~ ~ (lichen) ~ ( desiceation) ~ ,;mfcti 
iw-fT ~ itcl'fa- cfij;, '!ll'6cfi am:~ (brittle)~ ~ ~ ffl ~ 1 
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~ ~ ~ ~ 9,tq!jflqur rn ~, am: 2;-ilfif\ilct (regenerate) 
~~;;rrai1 

~~mm ir mm w, ~if~ arn: ..,1fll1cfir 

fimr ir ~ ~ ~ m cfi1" ~ ~ ~ ~ m ~ , cfiTfflcfiT 

f;mr t ~ ~ ~ cfi1" ~ '!fucfict < afrd":lliW«r ~ ~ am: 
~t R . .rr. ~- <fi1" ~ ,ft-~ mm acti ~ {t ~ t: 
a~ 1 ~{Old: <JR q Oj4,j !:4lctcfi ( mesophy 11) mm <fi1" f1fffi1TT <fi1" fclm'ur 
~ ~. qlG<fkij;,iii ( transpiration ) ~ ~ <fi1" wmr ir 
qlG<tlcfi{Uit iITU ~ cTT' ~, ct<f ;;flcr'[&f B' fi1fulfi ifam:: Ai{ 

cfiTT!1TcfiT UT B' ~ ;f ~ fcmfur itctT t I ~ ~ '3'm" ~ acfi 

~t,;;rqactifttfu°cfil"fcrn-<ur~~~w <fil"~ ~ 
~ ~ , ~ if>IWlcfilart ;t ~ f<fcfctcfil~ ~ mtt ~ i wrcrr ~ 
~ i, m ~ mm ifiT ~ (interior) "'l<HiR@ cfiT<Ht­
¢ ~ iITU ~ ~ "'1TclT t, or~:'!l'Ttm 'Elc'1'T f.f:~ ~ t Sf<f­

~ if ~ 'l~tcf'J_Ui ifiT<r cfi"{ffi ~ I ~ if>lfiiicfildtl if~ AAcrifif 

~ ~ ~ ~ ~ i, ~ ifiT ~ ~:'!l'Ttm f.,;q1fc:1fa- iITU 

~~~' 

'3qiq:qci} ~: 

(Metabolic movement) 
srrzr: ~ oo ifll'T t fcf; GilqS:oll<i.<kl-lcfi (plasmometric) 

fcrftr ~ f~'licfi'llc:f\ fcrftr rn1 q<m<0il fcrqq t f.tatfot i:rT'1' mil@' 

(discrepant) ef<urT+r fG~<H ,a ~ 1 srqir fcrftr iIT<I" ~ lffif, 

firetlr fcrftr iITU ~ irr-T cfi1" ~ 2 lTT 3 cfJ1! ~ ~~~I 
it~ ijlf.11<01 q{lij{ofi m C!Rf:mfim sr,rrcn t m ~ if"@' 

~ "'IT m I 

~ ~ ifll'T t Ffi cfiTT!1TcfiT if "'I°<?!" CfiT q-i:q' ffl t ft;r'u; q {jij {Of 

~ 9,tfaf<.@ ~ am:~ ttf+-¥lf\1ct ~ t, am;:~ cfii {Ujq!jj ~­

~ ~ ~ B' ~ t I ~: ~ mzrt'f.lcfi ~ ~ cfiT 
~ifivff~~ I ~fcr;m:~ct"v;q"iITUSIGf<Hctl'J.qcfi =mmfur FfilJT 
inTT t Ffi ~ miTT '1iT a:io'1TT if ~ CfiT ~ ;'fi'vfJ aq 14::q 441 ij f~ d T 

clft' ~T irnT Sf1ITTcffl ~ ~ l I cfilr clft' ~ ~ 'liT, ~ ~ ~ 
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ctn" ~ t ~ t mvr tt@k!f..aa (correlated) ~ t am: 
~srm:~~ ~mmlftr w~ t!Jfturrif~~rn 
~ Ffi Wi9 \il"{1 ~ ~ ij" 1TT ~ fcfi<IT \ill~ i, f-;mil" ,dqjq-i:jlfj ~ 

cfiT olflf ~ t I 

\il11 ~ rn ifi' t:1;<fi ~ 'cfG'fi i fq-i:i I <1'4 t:1;<fi am: 1ft rn t I 

~ ~ t fflVf ~ ii" mlfT g{ cf>lflijifilit -;r.r ij'l{A" q(jij(UTI 

fcNq q"'IB ~)\if ~ ~ f'4 li-1 li'd f<a ;m-~ t, ocl" ~ ~ ~ 

i'j- \il11-~ ~ srro='1' <fiW ~' am: ~ qfu@,r -dc<f>JiUTIZ! 

(reversible) ~ t I c11~fqcfidl ~ ~ Ffi riu cffl ,aqff'<l@ it~­

mcm: ifi' ~ ii" ffl ffl mm ;m- ,aqrq-i:141 ttf,f,~dl cit~ t, 
am: ~ "Aci!/nqu1 t ~ 'cfG'fi cit ~ll:ij" (stimulate) ~ t 1 

'WTm rn, ;;ft ~ \il11 ~ rn t qu i'i" R1TT -mm i, w 
~ « Sl1tij" t: Ffi ~ fcrf!/rt;c ~ ( ~ ~ \il11 ii"~ ~ ~ ~ 
t 'iJFTT ) ir arrmr,r (auxins) ~ « \il11 ~ rn ctn" 
~~~t:,am:?W1>(1JTT~~,ft- ~~-mart, ffl Ffi 
~ fclfcra t Ffi ~ anf.m.r ~ (hormone)~ ~. >ill" 
cfiWffct-cf>lflircfi1at1 'liT f.ffim: ~ (extension growth) cit 'AClf­

fuifi ~ t I ~ lJRT -mffi t Ffi anf.RA" ifi' ~ rn CfiT fcrfa- Ffim 
...- fcfim srctm: -aq1q-i:jq cit ~ ~. ~ Ffi \il11 ~ rn t 
~ 'cfG'fi ~ \if@" t am: wt lfi\'lfc1€-q mm ~ ~ t I 
~ ~ ~ anf.m.r S1fdf,,;q1 cfiT iTcfi t<!csllcfi(Uj if@~ I 

~ m rn t ~ ~ si14,f.1cfi rn ~ Ffi ~ ir"lIT ~­
~ ttf.,iqa1 \il11 ~ rn CfiT r-tillT cit~ t, ~ ~ tt@klrtl 

t mcm: CfiT ~ ~ i-1""@' CfiT tflft ~ I ~<11 '!~'4"1 l ifiT ~ 1fff ~ Ffi 
~ ~ 'fflRlm ~I~~ ,aqrq-i:j4"1 ttf:filldl ~ « ~ ~ 
rn ctn" ~ cit ~ mm~ i q <m <afl ~ cit ~ ~. 
am: ~ q <m <0rr \if{,j' ~ rn i'i" ~ ~ t , ~ fflllT ~ 
mfl5Rf cfi~\'lle1l ~ I 11r.a \il11 ~ ~ ~ ,;m;r ~ i'j- arif.m.r ~ ~ 
\il11 ~ rn CfiT ~ i'i" ~ ctn" ~ ~ w srm: ctn" ~ t Ffi 
anf.m.r ~ fm ~ t iw:r arrm (bonding) cit ~ ifi"<t 
ifilmcfi'T-firfu cit ~ ~ ( plastic ) <AT ~ ~ , flrfu­
c:'fq ifi' ~ ~ ~ t:l;<fi ffl"cfiT fcrnm: ~ am: q (lij (Ufl ma;:ff ifU 
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am: mir<fi '"ffi~~, ~\iffi~ rn<lil ~ ~ 'qccfi f">fil.llc+tcfi 

ii"~~ 1 ~ ~~ (Thimannand Samuel-1955) 
am:anm.r ~ .:rr.n: (Ordin and Bonner-1956) ~ ~ 

9;1i4'il<til ~ 6¥tt..:11f.1,t,"11.1 ( isotopically ) 13Wfi'ij"1 ( labelled ) 
~ -ti1 wad (-ij ~ ~ ~ t ~ rnr ,,11 q f.tifi c(lff ihrrmr,r 
'ITT"WSr«lil"{ 'ITT" m-rt ~~~ ~ Sl'+t111T~~t am:~ 
~ f.tf!r.rcr ~ ~ ~t I ~ 41Wfclcfi f">fi1.11fc1fu cfiT 6fc!WI { cf1Ji,r 
ma- if@ l, ~ rnr ~-fir@ rorff <ITT"~ (mechanical) 
~ (Coherence) ifi1f (reduced) <tl' ~ l 1 

fcma' 4<m<un ~= 
~ 

(Electrosmetic movement) 
~ ~ 4 F <f fl!l@4 I if° ~ \iffi ftm;ff t ~ cl"{qi ~ ~ITTT cl"{qi 

~ fcrircr t ~ t 'Sl"'iITq" ~ Mr{UT ~ t am: ~ sr'lti+t' ~ 
4(16{01 ifi~\'lldl ~ I ~ ~ ~ ffi iIBT ~ \;ffi ~ '(TdT ~ 
d"cl' -OH (9,p.'fq'T HCOJ ~ <liT 9,1follfl'ilo1 (adsorption) 
•rnrfi'PITT N@'llT 4"( Q:fj '#_Ollc+tcfi ~ ~ t I ~ f.icg ff+ 
~. sifT ~ =,;rfo:1fl Md %_01 lll'1l 'ITT°~ t ef"{fq{ ~ ~. 'ITT" Q:fi lf'{ct" 

~ l I ~ '!llo'it ~ mwf ~ 1fT@' ~ if,")Mi~G') lfi1JT t '<ITU art"{ 

f<raftct-~ t, ~ ~ Sr«lil"{ ~ 'iTT ffllA' Q:fi ~ firnr< 
(electrical double layer) <ITT" 1fT@' fcfdfur ii" ;;im ~ 1 (m 13) 

m 13-~ 4<16<01 
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~ ;:m,.fiT t <rr-ff fu-u t .fr-q ~ fcrijq cfiT ~ -3q f €4d ~ dT 
~ -:fi.O(k'1ifi ~ cfTI" ~ •lfo!ITI\'I @lfT I~ cfTI" fufu,:ff iITU 

':ff.Ul(lj.j WIT B 'IM!irlMd ~ ~. am: it'@"~ ~ ~ I ~lft~j'51.j 

ffl<A"~ itfurnt~~~am: ~~;;rm-~~ cfTI" ~ 
wmr (migrate)~~ 1 "f_fct;' cRTcl'G ij cfgd"~ f::Hf~lli ~ 

~ ~l:l ~ ~. 'l"d": ~ cfTI" ~ ~ ij ~ c@'"ffi"lIT lflTT ttft­
f~folli ~ ~ ~ ~ I W 'Sfcfin;: ifit f::Hf~1.14l ~ ~ ~ lfU­
~ &1-cfi ~ 'Sfcfin;: ~ ~ t m Wfin:: ~ '1'+4,ij < olffif ( small 
bore) <ITI" ~ il" ij" ~ ~ t 1 ;jf,f; ;;fifcra ~ ij ~ fcrijq 

~ ~<. tll'11i-lld: ~ ~ ~, 'l"d": ~~:~ma~ t f<f; 
~ ~ ij ~ q((ij(OTI ~ cfiT ~ ~ t I 

-
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" ,..._ ~ qm+JW!lcp • :o~c; let r 
~-~ 

:R-.iti:!i:.«n-non-proto­
plasmic 

~-kinetic 
~--colligative 
:Rfaq <i:!<Hf4¥--hyperbolic 
~-enormous 

:RSklllf'll inelastic 
~-treatment 
~-transport 
~-characteristic 
~-orient 
~-oriented 
:RMfc:Fllm-orientation 
~-acid 
~l"PP~ -immiscible 
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:A fa !iflct<H ii-supercooling 
~-unique 
m~-maximum 
;;rfu¥11.-Z1a1-preferably 
m~-adsorption 

~Jq1 <•IRI -semipermeable 
:Rf<f<Rtcfilllct-unvacuolated 

:A fw1i'l f<1a adsorbed 

"' 
:A<"l4 <m <l-hypo tonic 
~-uncoated 

:Rfoc.61-1a1-occupancy :Ai:loti'1<!.1-SUpersede 
:R-11c1f<a-exposed ~-concave 
:Aij,~oti'1 oir:r--irreversible '1;fqr(lA'-lowering 
:Aij,S1l\l•1-application ~-ingradients 
:Aij,Sll\l""ll-applicable WIWf-unfolding 
~1,S1l\l""Z1a1-applicability ~-residue 
~-analogous :Ri:!!irl~<!.1-absorption 
~-electrolyte ~-state 
:R4-.iti:li:.oll'{i'9-1-deplasmolysis :Ri:lff'l.lfct-location 
~-withdraw I ~-precipitate 
:R4<FH<<!.1 non-osmosis :Ri:11<>4!1ttc;,\-non-volatile 
:R4<iij«!_fl non-osmotic ~-intact 
:R4i:!Jiiicfi refractive index :Rfc:11:11-1-designation 
:R4i:laiii¥'114't refractometer :Rfc:14'lfsila -undissociated 
'Wfcf!G~xception ~-continuous 
:R4ij1Jil.-ll abnormal :Rfc:111,;,\1-non-toxic 
:R41<•1RI impermeable ·~-lining 
~-indirectly ~-anomalous 
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IIR'T 

,;rrf.m;;-auxin 
~-estimate 
ffl<fiR- size 
~-form 
~-moment 

"' ~-molecular 
~-ideal 
ri-damp, moist 
'mi@T-humidity 
mR-early 
~-excess 
\ll'IM'll-relative 
q 1?t fl!icf>l relatively 
ffll@rf-volume 
'41llf'1ifi-ionic 
ffl'zw@"-ionize 
'R'TW-diagram 
\li«illl -diagramatically 
~-potato 
"l'mr-charge 
qief,:ta-distilled 
~-adherence 
'4iaf<ifi-internal 
~-partial 
'lifil1cf>1-partially 

~-unit 
~-history 

~ 

-din:iiq'ifii-fluctuation 
~-reverse 

:ae-ti•Htflll -reversible 
~-raise 
~-convex 
~-source 
~-stimuli 
~ ;:-stimulate 
:a4Wf'1;:;.!/TTll -submicroscopic 
:aq1q'if4'-metabolic 

:;; 

~-energy 
~-flocculation 
;;;a.fi-tissue 
didifi~~"t-necrotic 
~-tissues 
oi'»IT-heat 
ailS+l 1•1 faifi-thermodynamcics 

q 
~-enzyme 
~-anode 

~-agar 
Qfa~, foifi -historical 

at) 

amJTcti-dew point. 

~ 

amimr-ovulary 
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aram-involve f-;f,fciitlcfi <<ti crystallization 
~-intake ~-nucleus 
a@'"iN-inflex ~-capillary 
~--influx ~- cathode 
~-inclusion <fiW-kelp 
~-inside ~r-casparian 
aid <1cf>'1f:11ctfl ~-intercellular i:f>l~•t'1f.sl!-1-collodion 

space ~-cell 
~d (jl3_G6-interface cf>lf?iicfil~clj -cytoplasm 
aid<lf'lfl~ -intermicellar if>lfll1cfi1~&fl-cytoplasmic 
did <1ei-cMr-interconnection if>'H111cfi1ct-cells 
~d<leRtf..aa-interconnected cfi1TifcfiT m-cell sap 
aiattcfql-endodermis if>lfocfiidci~-cell content 
aidteci-q"i-endodermal <R-tuber 
arcr:q <1e <<!I -endosmose 
aicr:llfm1J-imbibition 
ara:~G"f-infiltration 
~-investigator 
~-investigation 
am-degree 
ai1'11'rlEM -calibration 

'51[ 

"1i.<tlit'lcfi-negative 
i:li<tt lllii -aruon 

~-cutin 
<f4'1ii icfi - boiling point 
'f>iti:i fod -graded 
cfil•i•h~cfi-cork borer 
~-critical 
f,:filj I fc1 fu-mechanism, 

procedure 

tT 
;rn--pit 
irfu<f;-dynamic 
~-dynamics 
1ITTl1:-carrot 
T!f-properties 
~ ~-geometrical 

progression 
~-pulpy 
<Rf-gas 
•rl\'l icfil <-spherical 
.-m--gum 

'Ef 
tJccfi"-component 
~-phenomenon 
~-phenomena 
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~ 

~-disc 
'qli tP-f - parchment 
~ ~-driving force 
~-beet 
~-suction 

'cPfcfi-cap 
~-shade 

iii' 
~-complex 
~-animal 
-iffi-water 
;:;iw-11;,ir1-hydration 
;:;iw.ilf,;ia-hydrated 
;:;i~~~ -hydrophilic 
~-aqueous 
~ ;:;m,-lattice network 
"1T@'l!T-species 
f,;i~ f<!rf -gelatin 
~-protoplasm 
"1l<'la&fl-protoplasmic 
"1"1<'l a&tcfi -protoplast 
"1l<'laoJ.tcfii;-il-plasmalemma 
"1"1<'lao1.t9i-i:lrf -plasmolysis 
"1"1<'lao1.t9i-i:!ri"1 -plasmolytic 
"1l<'lo1.tctlf-.:1a -plasmolysed 
"1l<'lao1.tar1-plasmodesm 
"1l<'lao1.ta,wti1-plasmodesmata 

~-gel 
~-biological 

~ 

~-membrane 
f~f~1.1i-membranes 
~-swarm 

c 
cllITT-iomato 
2f11•1lcfi«!l-tanning 
c:.li-flt{,j rte -tonoplast 

i5 
~ ~-vice versa 

0 
~-technique 
dcli"-logic 
aifi½,m< acfiti'-'ld-logically 
Wcf-element 
~-fibrils 
w'!'-dilute ,,, 
d'j,cfi<<!.1- dilution 
cro;r-fluid 
d1i<!.1"-young 
ITTlT-temperature 

!lf 
lllm-bladder 

"1l<'lao1.t~<l~l-iifi-plasmometric ~ 
;;ftcr fcrq-toxin ~-corolla ,,, 
~f,:,,:i1.1i,-xanthium ~-decade 



GTor-pressure 
<fl q'fcfi <<!.• elongation 
~-weak 
~-threshold 
s:cr-liquid 
s:4fiifctcfi hydrostatic 
s:4tj +1fGa - macerated 
~-rapid 
~-material 
~-secondary 
firqcf-dipole 
fatj4');,icfi -bivalent 
¥.-rigid 
~-rigidity 
1F<>i:.<f>t<!J -aspect 

q 

t:r,TT'lr,f-cation 
mu-current 
a 1<1'114"1 galvanometer 

.:(' 

;:ir.:rnr -deficit 
"' i'4-tlcfi<(!J-reduction 
"' iflfJT-sample 
~-tube 
~~~-bathing 

solution 
~-nomenclature 
f-1 "1 JI cfi <<!.• dehydration 
f-1;,i1c1(!J-killing 
~-reference 
f-1t1T<<!J determination 
f-1t1Tf{a determine 
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f.:ratt't-determining 
f,Hf>N!a-immersed 
f.nf.ffi-released "' 
frnm-law 
~-demonstration 
f.:rmrcfi-inhibitor 
~-insert 
f-16ifiqo1-extraction 
~-passive 
f.fwr-deposit 
i\c:~-net flux 

q' 

cro=r, ~-layer 
q"{JT-absolute 
9G-term 
o:rr;;r-onion 
qf{cf,{1.f-calculate 
qfo1aii-Change 
~-enclosed 
q f {f f4fu-fcrnT.ft-ecologist 
q foc:e:-1-enclosure 
q f{cfi<Aii 1-hypothesis 
q <m <01-osmosis 
q <m <ufl-osmitic 
q <m <01 '114t-osmo meter 
qfur,[-precise 
q fo!J. .ad I -precision 
4fuR-range 
ef{;rrur-quantity 
qf{411011c+1cfi-quantiative 
qf{c11 <cfi-surrounding 
qfurn-variant 
~-frond 
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tf01" ¥'"--leaf petole 
q,,r itwtacti-mesophyll 
~-strips 
q1«1+4dl permeability 
qrof+4"-permeable 
qr.:r-pot 
q1<•1f+1a permeated 
q 1 <•1'1-1-permeate 
~-spinach 
~-reading 
~-pectic 
~-pentosan 
ql"fUf-maintain 
2;-141 f-ila-regenerate 
w.fi1f-process 
srnr.mr-percentage 
~-resistance 
'Sl'lffir-shock 
srfuiffi-stress 
~-directly 
SR;r<f-dormant 
smin"a"-demonstrate 
sifoew=t-1 counterbalance 
514"1•1 kitcfi:...experimental 
~-elastic 
S(1fTcf - effect 
~, smn::-expansion 
Sfcl'V@T-gradient 
Sl'ilml"'(-stronger 
~-shoot 
~-streaming 
srirm-fractiona1 
>1ta1c:1-11 introduction 

~ Wf'1G!!ff light 
microscope 

wmr-migrate 
SI fat'({ 1 f.ta replace, 

substitutes 
SI Pl.I f+t cfi -primary 
~-phase 
~-typical 
•fl.lcfcfi(Oi separation 
srrom-incipient 
~-old 
ihffur-o bserve 
~-surface .. 
~-petals 

• 
q<G ;i"hfr-cabbage 
~-force 
c1g-multiple 
~-frequently 
c19e41'11cfi multivalent, 

polyvalent 
~-outflow 
~: fflcl'-efflux 
~: Hit! <or exosmose 
c1f~•n-1 extrapolation 
iil'Jll'-external, outer 
c11 (Pt<f'q I epidermal 
~-ovule 
cii"t'111<1<01 seed coat 
~ atfcf;a"-dotted 
~ fflcf-guttation 
ia.rr-penetrate 



m-cylinder 

\1" 

'iPll::-brittle 
" im::-weight 

flrftr-wall 
~-confusion 
~-physical 
~ <Htlllf-tcfi physico­

chemical 

~ 

~-wilt lr.• 

'16l!fii1<1-midrib 
lic<-pea 
'1~~f.t~-xerophyte 
m-retardation 
'l <ii 1-t I wilting 
~-miscelle 
'l~llicfi-t -evaluation 
~-root 
~ 'Sf'U'TTffi"-root system 
~-root tip 
imn:-molar 
~-molal 
irrq;;-measurement 
iftoT ~-sweet corn 
irnr 'Sf\1'1'i>r-mole fraction 
~-original 
i:rr-rr-amount 

~-dead 
im;zr-mean 
~ ~-root pressure 

~-standard 
'11-titftt,a standardize 

lf 

~-accuracy 
lll<if.,,ecfi random 
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lll<if-&&itft «1c1f~a randomly 
arranged 

~-prur 
~-mechanical 

~-stele 
w-sap 
«tlll-t!lllf:t chemistry 
<lijillf-tcfi chemical 
f<f-Rlctii vacuole 
f<f-Rlctilll vacuolar 
f <f-Rlcti 1 'iJcl'f-vacuolation 
funq-exudation 
~-linear 
~-dyes 

~ 

\'l'icfi N-<ffi-cf-reduction­
valve 

~-plastid 
'{1"cj"Of-salt 

q 

'olf@'ifi(-interfere 
cilfll'-expenditure 
oljNifi-comprehensive 
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~-explanation 
cf'!fi-curve 
<fm-wick 
"'<.011<:Jicfi-selective 
~-folding 
<iWA"-ringing 
"'l'!Jios~ -atmosphere 
crrmr-vapour 
"'10:f@Ji.-r-transpiration 
~-carrier 
~:-alternatively 
TTfcfiUT-diagonal 
~-discontinuous 
'fcr;n:ur-variation 
~.,.....vary 
f<4'i::I 1 «i•ta reasonable 
~-interchange 
~-potential 
~-distinction 
fcrffl-diff erentially 
~-isolate 

" fc4<11fsi1a dissociate 
~-solution 
m;i:r,=n -solutions 
fci~ illcfi-solvent 
~-dissolved 
~-coated 
~-solute 
fc1~1fsa -stirred 
fc1,?1'1f<ta-eliminate 
fc4fc1mrr variation 
~-enlargement 
fcrcrR-discuss 
fc1ciitfG.a discussed 

~-nontoxic 
~-specific 
fc1fcfitf@1-viscosity 
fc1@1 <.f<1¥i, -dimension 
fcm<.ur-diffusion 
~ <IT<f-diffusion-

pressure 
fcm<.or c:R .=lfr@T-diffusion-

pressure deficit 
N~i'lf-DPD 
fc1e <.ofl~ -diffusional 
fcmfur-diffuse 
fcrnlffi-discrepant 
~-disturbed .. 
fcretT-deflection 
~-null point 
~ ~-eletrolyte 
~ ~tq~~a electrically-

.. charged 
~ q <.m <.ofl electro-

osmotic 
fcma" fcrqq-eletric potential 
qcfif~qcfi -alternative 
a£tall•¥i-thermocouple .... 
mi-valid 
ff.ii-kidney 
~-growth 
cpa--stipe 

11T 

~-flaccid 
~-sugar 
~~-bulb 
mt"<. mr fcrnr;;-physiology 



irrm-f¾m-fcrnr.ft--physiologist 
!ii icfiii I !in-herbicide 
!ii lifiii I fo41· -herbicides 
~-desiccation 
~-chain 
~-series 
lircmi-algae 

~ 

~-column 

«+11i::ihM-adjustment 
~-set 

"' 
~-marine 

"' 
~i::r-porous 
«~<1f:11a-coacervate 
«~«¼~a-correlation 
«@klf..mr-correlated 
«1a1<01-simple 
~-strength 
ffl+ITrlf-normal 

fl!IH,.-a <01-translocation «ilj_f&-massive 
~-steady mrsIBT-concentration 
fl!! 14'lifi <01 -fixation mm-concentrated 
~-turgid ~ -principle 
~-turgor d'\cr,;-suture 
~-sucrose ~"1+11ifi1{1-limiting 
~-free m+IRf-limiting 
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~-insitu ~ ~-resting spore 
~~c8ifi,<ifi-self explanatory ~-suberin 
~-secretion wft-index 
IBlfu-state ~"lf-minute 
~-constant ~?i+1iif~1cf\1-micro-capillary 
«f-:f>llat-activity ~~-micro-pipette 
~-oppositely ~- cellulose 
~-relation ~:e:1 f.-acf\ -theoretical 
«"+14 <1«{1-isotonic ~'i:f'1'-contraction 
'tl+l'1li.1i.1 -equimolal ~-organisation 
«+loll m"tll -isodiametric ~ -organised 
~-population ~-association 
«Jllififoa-integrated ~-constitution, 
«ii11,qm1-proportional composition 
«ii11,q1foifi1 -proportionality ~-movement 
~-reduced ~-storage 
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~ ~-storage tissue 
~-balance 
~-saturate 

C 

~-junction 
~-compression 
~-supply 
tj4");,ii-fia I valency 
~-combination 
~-structure 
tj •1..'iM 1,~i-fi -structural 
~·r-category 
~-culture 
tj";\qo1 synthesize 
tj!l?tqfu1a -synthesized 
mu;=r-correction 
ml<ffiT-coherence 
~-impregnated 
~-mass 

~ 
~f «t~<li-fi -chloroplast 
~~-intercept 
~-intercepted 
~•-ti.~lWt cfrcf-hydrog en bond 
~-loss 
~-decrease 
fc?.~ii-fi~l91-cryscopic 
~-freezing point 
fc?.~ii-fi~1qr1 cryscopy 
~-mani-pulation 

~ 

~~ -injured 

':sf 
~-radius 



~cti- :u~q1c:1&"r 

~-~~ 

A 
Abnormal ..;:iqt11'11..ii 
Absolute -iror 

Absorption -'W<f~TtfOT 
Accuracy-~~ 
Accurate-~ 
Acid-am; 
Activity t1f.,,;4a1 
Adherence-amr-;r,; 
Adjustment t1•t1tt"'1;.i-1 
Adsorption -ffliroflt1JT 
Adsorbed-~ 
Agar-~ 
Algae-~ 
Alternative ,h,f~cfi 
Alternatively fqcfi(,qd: 
Amount-1W,JT 
Analogous-~ 
Animal-iiR! 
Anion --:ftUlil!-1 
An ode -t:r,'ITir 
Anomalous -fflttra 
Applicable-•-11,Sllt1'7ll 
ApplicabilitY-...i1,siztl;fl!d 1 
Application -...i1,S1iit•1 
Aqueous-~ 
Aspect 'iftiacti101 
Association -«'!11frl 
Atmosphere-•111!'1uilM 
Auxin -arrfcffiil 

B 

Balance-~ 
Bathing solution~ 'i:l'fflT 

~ 
Beet-~ ... 
Biological-~ 
Bivalent-faijztl"1cfi 
Bladder-~ 
Boiling point-cfcl'-4-i icfi 
Brittle-~ 
Bulb-cfk{ 

C 

Cabbage-~ m'lt 
Calculate qf(ifi{-1-1 
Calculated-q f <ifif{'(d 
Calibration -diQl4ihM 

Cap-~ 
Capillary-~ 
Carrier -'i:l'TWti 
Carrot-~ 
Casparion -mfr 
Category-m 
Cathode-~ 
Cation-~ 
Cell-~ 
Cell content cti1f111cfi1,ijci<-\I 
Cellsap-~w 
Cells-~~ 
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Cellulose-~ 
Change qf,cc4J11 
Characteristic-aJN dQi ur 
Charge-mffi 
Chemical - <lij 1 ~ f.:tcfi 
Chemistry-"UfflR-'!ll'W-f 
Chloroplast-ij_F <Mt qcfi 
Coacervate-~-ufimr 
Coated-~ 
Coherence-mrc@T 
Colligative-W•Jfl@.I 
Collodion-mtwr-i 
Column~ 

Covalent-~~ti4"'1Gtcfi 
Critical-~ 
Cryscopic f~'1 icfi'1 l'il 
Cryscopy f~icfi'114i'I 
Crystallization ~r-JfitG~\'1~--• ....,cfie-7~·ur 
Culture-~ 
Current-QTU 
Curve-~ 
Cutin--cp;m;;f ... 
Cylinder--m 
Cytoplasm · ..;.i:fi'l-l',1 r-1...,,1cfi=1=i:&1= 
Cytoplasmic-cfilfu~ 

Combination~ D 
Complex~ 
Component-,qc<Jj Damp-amr 
Comosition~ Dead-:i:@' .. 
Comprehensive-olffqcfi Decade--~ 
Compression~ Decrease-~ 
Conca ve-~cfITTi Degree-am 
Concentrated~ Deficit-,rrnr 
Concentration-mrs@T Deflection-fcrettf 
Confusion-~ Dehydration-f-t--i\'l"i<ti<vl 
Connecting bridg~tmIDemonstrate-~ 
Constant-f~ Demonstration-~ 
Constitution~cif 
Continuous--arfcrm 

Deplasmolysis-':1,jq"'"jc4~o1.1-
jvr 

Contraction~ Deposit-f.:r~ 
Convex-~ Designation-m~ 
Cork borer~~ Desiccation-~ 
Corolla-~ Determine-f.:rerifur cfimT 

Correction~ma-r Determining-f.:rmu 
Correlated~cTcr Determination-f.:nJRvr 
Counterbalance-srfcrn~ Dew point--amrtcfi" 
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Diagonal-fctcf;or Ecologist qf<ff4fdf•n11;:f) 
Diagram-mw Effect-srsrrcr 
Diagramatically~ Efflux~:«rcr 
Differentially fcr;ic;.q.')4 Elastic-~ 
Diffuse-fcrnfur Electric potential-~ fcrqq 

Diffusion-~ Electrically charged-~-
Diffusional-fc1e <ofl4 \llqfll1a 
Diffusion pressure-fqij <01c;.1c1Electro-osmotic-fc:1~aq <le <ofl 
Diffusion pressure deficit- Electrolyte~ 
~ ~ ~ Element-mcr 

D. P. D.-fcr . .rr. ;:zr Eliminate fq{11Nd 
"' Dilute-a,:r .. 

Dilution--~ 
Dimension-~ 
Dipole-~qcr 
Directly-SRll'lff 
Disc-~ 
Discontinuous -fq f-.,e;ni 

Discrepancy-fcmtrfu 
Discrepant-fcrn.Td" 
Dissociate-fc:11.itf..,.a 
Dissolved-~ 
Distilled-\11efqd, an~ 
Distinction-~ 
Disturbed-:~ 
Dormant-~ 
Dotted-fir"~atf.t;-a' 
Driving force-~ ~ 
Dyes-~ 
Dynamic-irfucti 
Dynamics-~ 

E 
Early-arrfi:: 

Elongation <!\1:fiifi<o1 
Enclose-~ 
Enclosure qfo14ii 
Endodermal \likl@i:fl 
Endodermis \liktt<cf"'II 

Endosmose-ara :q <1e <01 
Energy-~ 
Enlargement-fcrcnr,r 
Enormous-~'!!fll' 
Enzyme Qfit1~'1 
Epidermal-cl'TT!T fcfq'f 

Equimolal e+1iti\'l\'I 
Estimate-~ 
Evaluation &t(-ll iifiii 

"' Exception-~ 
Excess -=.mf8cfll' 
Exosmose-~;q <,e <01 
Expansion-Sffi"{Qf 
Expenditure-clflf 
Experimental Slltl•ikftcfi, 

si11.i1fl1cfi 
Explanation-~ 
Exposed-aM1<1fo1 
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External-'c11W 
Extraction-~ur 
Extrapolation i:ifQ_ci!iH 
Exudation -fuITT' 

F 

Fibrils-cRfcii .. 
Fixation -fV.I 1,f1cfi <01 
Flaccid-~ 
Flocculation-m 
Fluctuation -,a-ii-cj ict"i:i.f 
Fluid-~ 
Folding-cffl.f 
Force-<ffl' 
Form-~ 
Fractional-sr~ 
Free-~ 
Freezing point-~ 
Frequently-~ 
Frond-(f'lf 

G 

Galvanometer s1<1+t1ct"i 
Gas-mr 
Gel-~ 
Gelatin-~-T 
Geometrical progression 

~ ~of\" ... 
Graded-srctfum 
Gradient-Sfq11T 
Gradual --att <I'd< 
Growth-~ 

Gum-~ 
Guttation-fctr$<'11i:i 

H 

Heat-~ 
Herbicide-!illcfi.fl:itt 
Historical-i'tfctiil focfi 
History-~ij" 
Hydrated-;.i~,f1f\lfa 
Hydration-;,i~41;.i.f 
Humidity-;i;niar 
Hydrogen bond~-,-~~--::....i;,i-.f-q'r!l 
Hydrophilic-~ ~ 
Hydrostatic-s.cit'4 fctcfi 
Hyperbolic-oifctq <cl~ f4cfi 
Hypothesis-q fofit>"q.f 1 

Hypotonic-~qq <lti u 

I 

Ideal-~ 
Imbibition -ara:mq,rr 
Immersed f.i+tflN!a 
Immiscible-atfq""'uflq 
lmpermeable-oi41 (•1'4 
lmpregnated-m\fira 
Incipient-~ 
lnclusion-w·'dcl!iM 
lncrease-¢r 
Index-~ 
Indirectly-ar~ 
Inelastic-'4!sklllf'!4 
Infiltrating-~:~ rngt:t 



Infiltration-aRt":~ 
lnflex--~a 
Influx-~ 
Ingredient-~ 
Inhibition--f.rmr.r 
Inhibitor-~, mnft 
In j ured----lITTffiffif 
Insert-~ 
lnside-'1,jra4a€l, 
In situ-~ 
Intact-~ 
Intake--'1,j,-a.;l€1_01 
In tegrated-----t1 lfffi fo a 
lntercellular space-

'1,ji-d{lcf>lr.llcfil ~ 
Intercept-~ 
Intercepted~ 
Interchange-~ 
lnterconnect-'1,jra<1ei:a1rt1 
Interconnected-,,1.=a <m kl f.~a 
lnterface-'1,j,-a <•9"6 

' Interfere--~ 
Intermicellar '1,ji-d <• fl-ifl~l 
Interior-~ 
Internal-'1,j 1 .=a f(i'fi 
Investigation-~ 
Investigator--~ 
Involve~ 
Ionic--ffllff.r<fi 
Ionize-3Wrf.Rr 
Irreversible--'1,j..J~-ltilt0ft1.1 

"' 
Isodiametric-eq01ff€t1<1 

Isolate-~ 
Isotonic--e qq <mu 

J 

Junction--w.a-

K 

Kelp~ 
Kidney~ 
Killing-ft1,;ffc101 
Kinetic--WJllTfu 

"' 

L 

Labelled-~ 
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Lattice network~ ;;rn; 
La w--f.rll.:r 
Layer~,~ 
Leaf petiole- q,ij-~ 
Light microscope-'Sfcfim 

~"TRm 
Limiting--'(tl"llcfil :a 
Linear--W!f 
Lining-~ 
Liquid-srer 
Location-w:1 f f'll fa 
Logic~ 
Logically~ 
Loss-~ 
Lowering-~. 

M 

Macerated-srer ~a­
Magnitude-9"rofT1JT 



98 

Maintain-q)-q,Jr 
Manipulation~ 
Marine~ .. 
Masking-tJ)q.r 
Mass~ 
Massive~ 
Material-~ 
Maximum-,q focfia'l 
Mean- lJWT 

Measurement-+fT'lrf 
Mechanical-~ 
Mechanism f:tilllfctfo 
Membrane-~ 
Membranes--f~ f(."{-llll 
Mesophyll-lfuiJlUtldcfi 
Metabolic-,3q 1q'i:j£tl 
Micelle-Plmf 
Microcapillary7 e-'l'fif~1cfi1 
Micropipette~ 
Midrib~ 
Migrate-SJcfrn 
Minute~.:r 
Moist-~ 
Molal-mm, 
Molar-~ 
Molecular-~ 
Mole fraction-~~ 
Moment-ffll£1T 
Movement~ 
Multiple-<1g 
Multivalent-4gti4t"1ifi 

N 
Narrowing~ 

Necroti~ 
Negative -5[011~'-lcfi 
Netflux~Cfficffi' 
Nomenclature-~ 
Non-ionized-~ :,q,l!f.ta 
Non-osmotic-,qq <1<1:1 <ofl 
Non-protoplasmic-~-

~ 
Non-toxic~ 
Non-volatile w:ll"q!!fl{-1 
Normal-~ 
Nucleus-~ 
Nullpoint-11pr fcru,:r ~ 

0 

Observe-~ 
Occupancy-~ 
Old-~ 
Onion-i::irr;;r 
Oppositely-~ 
Organisation-ti-ro,r 
Organised~ 
Orientation-m~ 
Oriented :,qfiifc1rl11<1:1 

Oriented--3;1f~fc1rl!w 
Original-~ St, <f~ifcfi 
Osmometer q <m <a, 'l ltfr 
Osmosis q <1<1:1 <01 
Osmotic q <1<1:1 <afl 
Outer--~ 
Outer flow-~ 
Ovulary--~ 
Ovule~ 



p 

Pair~ 
Parchment-- ~tr-r 
Partial--~ 
Partially-mm 
Passive-~ 
Pea-~ 
Pecti~ 
Penetrate-~ 
Pentosans~ 
Percentage-sr@'!l@" 
Permeable-~ 
Permeate q1«1¥-1i-l 
Permeated-rafur 
Petals-ti~ "' Phase--~ 
Phenomena--l:fciiT3ll 
Phenomenon-'Efc<TT 
Physical--mfa"cf; 
Physico-chemical-~-

<m 14fr1ifi 
Ph ysi o Io gist-,n .0 <f ,f.41 fc1 #I, .. fl 
Physiology Ql.0<f">f>41fc1#11i-l 
Pit-- lIB 
Plasmalemma---i11c1s:o4i:fi~I 
Plasmodesm-"'llc!S:o4a~ 
Plasmodesmata-.i '1c1s:o4-

~ 
Plasmolysed \J'llctS:<>4,if-cta 
Plasmolysis--.i1c1s:o4<fi=qi-1 
Plasmolyti~ 
Plasmometric-Gflc1s:o4i:c1t'1ifi 
Plastid~ 

Polyvalent-c1~~zil;,iifi 
Population--~ 
Porous--B'"{ru 
Pot-q-r-r 
Potato--~ ... 
Potential-fcrsrcf 
Precipitate--wmir 
Precis~ "' Precision-q f<:!11:g:a 1 

"' Preferably--~ 
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Pressure-GT'cl" 
Primary-s11'4 fl-lifi 
Principle-ftraRf 
Procedure f,fill I fc1 fu 
Process--sr-fi+r 
Properties~ 
Proportionality....«¥-1lij,q1fai:fi1 
Protoplasm ~1c1s:o4 
Protoplasmi~ 
Protoplast- \J'l"1c1s:o4ifi 
Pulpy~ 

Q 

Quantity qf<:¥-110 
Quantitative-q f<:¥-1 R!.I k"lifi 

R 

Radius-mm 
Raise-~ 
Random~ 

" Randomly arranged-
~1~f.,,ei➔l o4ctf~\'f 

" 
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Range--tffur{ 
Rapid-¥ 
Reading--~ 
Reasonable--fcfq 1 «i•1a 
Reduced~ 
Reduction-<4--1lifi<.<!_1 

" Reduction valve-
\1 '1, if, {(!) ~ 

Regenerate~ 
Reference-~ 
Refractive index-

,;iqc1aii iifi 
Refractometer-

,;iqc1aii iifi+H41 
Relation~ 
Relative-mqfl!;Tifi" 
Relatively-mqfm 
Released-~ 
Replace-si fot:41 f'-la 
Reservoir~ 
Residue-~ 
Resistance-~ 
Resting spor~ ~ 
Retardation-~ 
Reverse-~ 
Reversible-::a,*+l oflll 
Rigid-¥. 
Rigidity-~ 
Ringing-~ 
Root-m, 

" Root pressure-~ .n,;r 

Root system-~ ~ 
Root tip-~ 

s 

Salt-~ 
Sample-.flfTT 
Sap-ur 
Saturate-~ .. 
Secondary-~ 
Secretion -Qflq 

Seed coat <11 Gt I c1 «!J 
Selective c1<.<!_ii,+l<fi 
Self explanatory-

fcl f4 Gi\ ifi I <.ifi 

Semipermeable-
;;ra4 , <.•IRI" 

Separation -4'14% «!.I 

Series-~ .. 
Set-~ .. 
Shade-m,:rr 
Shock-wmr 
Shoot-~ 
Simple t11a1<<!.I 
Size-~ 
Solute-fcrw:r 
Solution-~ 
Solutions-~ 
Solvent-fc1c;-11llifi 
Source-~ 
Species-;;nfa;;rr 
Specific-~ 
Spherical •rM1ifi1< 
Spinach-~ 
Standard-'+fl'ii'cf, 
Standardize-~~ 
State-ftefa-, W1"f4T 



Steady-~ 
Stele--tir 
Stimulate-~ 
Stimuli-~ 
Stipe-cptr 
Stirred fc1\11f~a 
Storage tissue-~ 3id"cfi 

Streaming-~ 
Stress -Sl"@offi 

Strips-~ 
Strength-~ 
Stronger-~ 
Structural 4{'cliilc:ficfi 
Structure-rn-rr 
Suberin-~ 
Submicroscopic-~~ 
Substitute sifd<MINd 
Sucrose-~ ... 
Suction -'qq"~ ... 
Sugar-~ 
Supercooling-.;ifdQTIMlii 
Supersede-.;ici':ififi<!.I 
Supply-~~ 
Surface-tftio 

C'. 

Surrounding-qf.<..c11 <ifi 

Suture-ffli't' 
Synthesis 411~4<!.I 
Synthesized-411~ r~a 
Swarm-ifU6 
Sweet corn -lTToT ~ 

T 

Tanning-af-1.,"icfi <<ti 
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Technique-~ 
Temperature-ffitt' 
Term-41:' 
Theory-mr,=a­
Theoretical ij.t;.if,acfi 
Thermocouples a-:.ia4•fi "' .. 
Thermodynamics--a;Git 1•1 fdcfi 
Threshold-~ 
Tissue-~ 
Tissues-3iffcfit 
Tomato-~ 
Tonoplast-ir.ft~~ 
Toxin-~wr 
Translocation ,;rfi:t•lfiii 
Transpiration c11c41«1;.iii 
Transport-~lffi'if 
Treatment-~ 
Tube-~, iifuctir 
Tuber-~ 
Turgid-ma­
Turgor-rnfu 
Typical-~ 

u 

Uncoated-~ 
Undissociated :Afcilf1f-,ia 
Unfolding-~ 
Unique-:Af[-dnf 
Unit-~ 
Unvacuolated :Af<fcfficfiP-!d 
Used ;aqit'1'11a 
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V 

Vacuolar-f<fcffiifil4 
Vacuolation-f<fcffiifil'iic:iil 
Vacuole-f<fcffiifil 
Vacuoles-f<fcffiifil3ft 
Valency tj'41;.iific11 
Valid-~ 
Vapour-q'('liq' 
Variant-crf<cra 
Vairation-fc1fc1uc11, ~ 
Vary-fcr.rfur 
Vice versa-m ~ 
Viscosity-fc1t<t>1 f@1 
Volume-~ 

w 
Wall-Mftr 

Water-~ 
Weaker-~ 
Weight-,m: 
Wick- cfffi 
Wilt-imf.:r 
Wilting-1rfflR!" 

Withdraw}-~ 

X 

Xanthium- ~lflf 
Xerophyte- '1€-«f.R 

y 

Young-~ 
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