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Transport in Plants

Chapter - 11
YA & el QAP I1Q Y9

U2 1. RAwRU1 9t R B F-Q TR wvIfa s 87
IAT—FRROT W R A A A T FRE e e—
1. TUHTT—AEH & w97 & foreor #t & sgeft 21
2. Teravor =X @ et w1 aeE— T St o) o R ® vel % i &
FEEITIIR B B _
TR W F o ®1 FRW (Graham’ law of diffusion) F&d &1
3. ToruruT @t wTem—atfus s WeEm A frerer # W W @ 9 2
4. feratoT T WRUTAT— R T@ v R ot B € Sropel @ faeor
Ia € F o B
Woe 2. G- T ¥ RreRor F 3 @ yftve e 37
IR—I N ¥ Teaq A7 § <) AERHivgd, FARCRE a9 9 Nawey Hi
e Fem F 9 @ ¢ A 72 fox R ¥ R w2 o) Sul @ P w1 o 3
el foraor ¥ weeaqel gftve v
e 3. uradl A wfvy uRagw & dRM W= v F g oftver A sl 87
e S| :
IW—IRY Fell & fafre TR A ars NI F o0 frert &1 A o= =1 sw @ =
arsal fava ¥ foeg Srugsll At 9o €1 o1 S Ny wEd §1 Y I w1 oiew
Fell ¥ AN-IR T N v =1 weEa ¥ FQ T
W2 4. R o1 F1 Ha Siftre 1t fawa il gan 87 avia #IRm
IR—E 5 W G A e 499 (water potential) B 7; FfRF—
(@) et 3rugsl & e ol wié St @1 9% e ik e A araeen § 7f w0 T
I SR 1 7T RRR a1 1 (constant and rapid) 2 YR Ft € Wt 31
(i) Foreht Trem & o} aiftes A ¥ S @ @ 3N IR o a9 S fava eife
B I8 o ¥ el Afe wer fIWE (water potential) BT &1 4
(iii) ST S & T WER Tk ¥ & @ urit ¥ 37v) 3= W fowa (A1 9 Oen) T
T A %Y 9 fave (W ) 9@ T AR SR E
(v) 51 fawa = i g v (Psi) 9 fafe w20 &) R TRaReT (pascal) T T
= foan I R
(v) A IRRERE ¥ % S % favE (water potential) YT €1 81
(vi) foFlt e o= =1 et frvie 3 foreram @ oo IR Foreee 9 Safa 1 AT
w ?1- 9% FgfT 99 W g ¥ WY St o 2, SfeT R (solute) F
- Iufef ¥ RO uedt 2




(vi) I& v ¥ foo A 9 W O ¥ 9@ W s ok W@ fava ww
S 21 o7 [l foera A g oo H oran wiet fava w4 S 1 vt fava
¥ F9 T w1 FRU fae fa9g (solute potential W) BT 1 T TRIRIOT
frar (osmotic potential) it wed T FeT fawa a1 fara fawer smoneTE
B 2 PR B T NI S ¥ Forawy s i W <eE
Tga §, O 9w oy (W) & It } W I A (Pressure
potential) T4 ¥ T fava W¥: WaHNIEIE Bl 2, AN 3eH ® Wl
W N FOTeH T fade WRIEY ¥ Hewarqel gftrenr framn 21

(viii) et wew iferem ¥ wie favia (v) @9 sell g1 Frafem S @ —am fawa
(¥, ) TRy fave a1 faem fasm (v, ) oo g fasa (v, )1 A faa
g;m@m%l 31a: PR F Serg fyva F o At EIger

| : V=" +¥;

(ix) SeeaEHiaa HITH F1 STeig fave Tauna frwa & s a8 w=iits
T@ fava v Bar 21 of veia i § g fava ol weeiiy fave &
TR & 91 A St v 1= & S R

(x) it faIa WTHAT (concentration), WEUTAT (gravity) 3R T (pressure) q
yoiferd Sran B '

e 5. faafafaa & d@w sk we Fidle—
() fara=or T@ TR
(@) ar=iiessl gd amftesvor
(1) w2 aur v Rve
() fereur qun 3r=a: Tiwor
- (2) uredl # ot F SraTivr F1 TUEReE SR Rmare gy
() fagam vd uRaga (siftrma) |
IR— (%) faRIRUT Ud TRTEROT A 3R

o farRon WRRRU

o | - (Diffusion) (Osmosis)

1. |RaRu fr woft veri-dN, w9 9 Y A |wRrRe Sae g9 qen S faer wenl § §

B Wl B o Rl

2. |feRur & forg famd frech ot anavaan 1 |wRmERYr *® ferq FEIRTR

; 2 2 (semipermeable). Al TROTHH YRTH

Rreeh A AEzgFD B B

3. |fawwor woft Rl (direetions) ¥ @R areft| Wl Fifka Rem @ Rensif § @ areht

o &1 R :

4. (=9 o A 9 Ay < 99 g ST R ORI < @ R, I e A e )

' iR ovar B

5. (R frn ot Rl o A o9 R | R R @ ReR g4 a9 RdaE

TE A AR BN B e WRRY TE T e & AR Bkt
, 2l
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(@) aeicasia vd arefieor # =R

o

o

aicHSiA (Transpiration)

amﬂtﬂw (Evaporation)

YRy IRR P 999 AF 9 g9 9l 39

e A qre & |- Sdars & faR

B &l

Ug T Sig-Aifae fohar 8, S a1 & PRI

¥ ARIRTT UKY IR A IR TAT RS

?wmmﬂﬁsmmaﬁm
1

el & fre) A Go8 N 9 B 919 W9 A
TRo B e T e Rl T&’ R g
| i

Tg o A i § 9w omw WRw
HREA W AR B &, S 91U G S
W=l g 8

(1) wrEr T aur RN QAve & R
wo RN 99 TR fasE
Ho (Osmotic Pressure) (Osmotic Potential)
1. |39 OP W wefRl &% &l ™ ¥, ¥ wefia w8

~3ﬁﬂm(measune)wm N IR
(Bar) ¥ W@ W ¥ [TH WM GRS
(mPa) =10 SR (Bar)]l

TE YFI9P (+Ve) B Bl

gsmmﬁﬂaﬁwsﬁvﬁq\ﬁa@m
I

IR Rl N1 919 °Ie B YE 9
¥ Jorg R4 § A H gRT S99 B
RN T T

T AT TR S wwl

Ig O (-Ve) Bl Bl

VT TR R WYY €6 WER
Rwg & e 2w R, R T W
a2 B

i ool § gg wa 9 en v A
1 @ B fear & oRw AT %
%ﬁrgﬁ?mﬁm%wﬁﬁaﬂﬁ«

I

(9) faRuT @& 3

Tigor & SR

Ho
o

o (Diffusion)

31~:XN90T (Imbibition)

g O, oRd W I F el F B9 arelt
ol

74 o 4 N, maﬁva’m(mm
#) & 9 AN AT AP A 9T A
| PH A A R ) 3R R R

T gl a1 Ry & e S AT
@ gl

ggvhﬁaawqaaﬁﬁmsﬁﬁ@%aﬁtm

T AW 9ag 9§ Woddsy W o @l
T Wi fAWe TaUR % SR gl B

S 9T (imbibant) o WEAW b
3ol & W ATVl B IAaeE R

(=) uredt # urlt & SraRioT FHI

mﬂwwaﬁ?ﬁwmw

o
Heo

e 9

(Apoplast Pathway)

e au
(Symplast Pathway)

1.

g Fiwead @ik R @1 o= B 98
IR B FARTE R @) BlewR R
el § ur < R

ugwﬁzaﬁmmaa%lm

PN PREER gl ¥ I el E
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il WRag? Fa@ I=R
PR g IR PR A/ ARy A
g

qiree ool YRagd TR Wavr R AR
Y&l Bl U e WA R ud SR
fipar1 (capillary action) % HRvT 8K Bl

SYMPLAST
PATHWAY

APOPLAST
PATHWAY

CORTEX CASPARIAN
ST

wd o Reere WRaga IRmel &
wiaga AR Pf@meh awgel & w9
B Rl

e P EAH HAd 5. UG P Y e
RTERv] fra B Rl

XYLEM

ENDODERMIS

T
4/ | "!";“i"@g‘
!14: .“o:a

3 (< )
ISeoe

PHLOEM
RIP

For—1eT Ta e avEl ST QR qeT RIMERe 99 wer gt ¥ yarg)

() fagam T Rae

(tftrrA) A o=

- —
o

ﬁw (Guttation)

ufRe@d (Transportation)

el ) aRtrdl Q e BRERE F G
o Rgam wed ¥
17 Rl ¥ AR w® Rud el

WIET % BN SR ¥ @I W@
wRaga Fga & '
TRAd O U4 WNe ugei a9 wAew

|(hydathodes) ¥ v §| WHFIaal HeiemE | PR ygmel & wRagT & fag sred 21
P PRV I8 T i wer Il ¥ <y |E| ngem ¥ wRagw e, & TR A SR o0
9 2 Bl TR ¥ uRaga TRl | s B 3R D @l

T2 6. w1 RAva S Sl aof1 ARTT ) B-| SR 8 il wa §7 st R,
T fva aun T fvE & sl Tl &) e Sifve)
FR—“A ¥ i fHu U gER ¥ widw % 5w 4 #1 Sw fau

U9 7. aE w1 dan § o Y[ ol w1 e W wafarur ¥ o @) sidan it @

ar], fasan s @2

IR— U8 A A e W e % g sien o g ang Rea i @ |
A TaH el FaNG g T §1 5 Qe @ i A S FEtn gR sEn S € @
FRTH S (turgid) & I 81 T9F HeRasy 1o f49 (pressure potential) 5§

T 21 T fava e HERIeTE o 81 3

ao < fava § wfea S 2
w2 8. (=) Yaifda s & wermar / Ol F Shazeagaw 3t R 1 auf= Saewo

I Ffera

w,,ﬁnaﬁmm?r%‘naaﬁqagm

(@) af2 N &t Pifre Fi g o1 fava o freaw A v s @ Far @m?
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INR—(F) RFHTE TR FIH F ATTITEART oo™ (hypertonic solution) H
W@ Y W FINEERE H ¥ T TR T 21 T8 7 S OEor (exosmosis)
¥ FOT ERA 21 T HoREE Saged Rageht HH  TF SR TH € 9 &1 5
e N T YUt @ (fully flaccid) & VIR 81 39 R A SHesedgerT
(plasmolysis) Fed 21 SaseIEiaa HIvER #t S fafa 3R Shage & we
s faera T 8 W ?, Al 9% faorm St § T ugsan
=08 e T Bl 2 fon it Tl aroTe A @ iR Rfsrrem e stdure= €t R

_~ HYPERTONIC
(PLASMOLYSING)
SOLUTION "

PLASMA
MEMBRANE

VACUOLE
(CELL SAP)

TONOPLAST
(VACUOLAR
MAMBRANE)

CELL WALL
(A) (8) (€ (D)

ferr-sfazergrer #t fafir= srand-(a) Sy ST, (B T C ) Sfazeagert @i st
I, (D) ¥erg <ol

Nageagad HTH S G 9 A FETUER FITTT (hypotonic solution) H

@ T A IR T R qd fefa ¥ o W 21 39 vie w1 Segetagia

(deplasmolysis) FEd &

FIH H WHGGEATR FIATT (isotonic solution) ¥ T&H W i H ¥ afad

?@m,ﬁmﬁmmﬁﬁm@wﬁmﬁ%mﬁmmﬁﬁmﬁmwm
|

ISOTONIC SOLUTION HYPERTONIC SOLUTION HYPERTONIC SOLUTION
NET EFFECT : NO LOSS OR NET EFFECT : WATER NET EFFECT : WATER
GAIN OF WATER BY THE CELL ~ PASSES OUT OF THE CELL ENTERS THE CELL

m-maﬁmﬁ,aﬁmr&wmmrﬁmﬁw%muﬁaﬁm

(@) reaTET fae@T (hypotonic solution) HIFERRE a1 HIVHE i 3TU&N TF
(dilute) B %l ELED) ot fave (water potential) Afeen B %I 3{d: 9IEY HIIER A
requTEr foreem ¥ @Y W ST wEen F R 2t 21 39 B % weraed
SAfTtaR STet T § TEoh WHITT ST (turgor pressure) 3T~ HYdl g1 THIF T
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Tafa <& (wall pressure) *F R Bl %I Tifd g A I« fava (pressure
potential) #ft Fea ¥ HifvEw fafv F ool @ THT T F FRO FikEE e
gftrea & B TR A SIRE ¥ wR0 B § gfs A & i <@
| TRRRO € % W 8 S W e § S S S Sl @)

U2 9. Uy & el Qd WS & Saviivor § A eRge (Fasas weeian) Wy
- e were @7

Je— AITPRISSTE Il FAHHAN Hgotta-

T I=9 TRY W T Fah Yol 5N Yshhird & WKl §; N—E, IR, 3 )

e T H 9IS HI AT W SIATEH FHARHE (ectophytic mycorrhiza) ST I

F-FHlt o o IS F T 1§ N ¢ 3R Srrqrendt TR 8| FaH

TS WS ¥ Faeh T TG HISH W (host) Hi S A W FA 91 a0l Hht

%z@aﬁmmﬁmﬁmmmmﬁﬁﬁmmmm

|

$O eﬂﬁﬂ?ﬂsﬁ Tﬁa; SR— e (Neottia), 177‘#37‘7]‘ (Monotropa) ot Ryl

el Feffid #X0 §1 37 D 9 TR o ESifadl 999 W Suerey T @t o A

R IR § e F A Faw wesiiaa wita 7 o wt feafy 3§ sigpha S TRy,

(seedings) & & RG]

woel 10. uiew A et uRag 3 Feera = it frm 37

Tl AehE (root cortex) Ft HIAHS Ht Thifa (3ME) fefe # 3197 Hif¥rpIssr W

Tg1 9 €@ H YOG (root pressure) Fed %:l TRE F EEETET o

(PFRE) e AfeFE ¥ 799 WF 0 ¥ T9 98 96 SR 95 81 TR

Vo2 1 AN TN THT T (Stephan Hales, 1927) 7 f&ram T (Stocking,

1956) ¥ FTER S F WFeH ¥ I <M, S g i Jurg=Et Fraell ¥ s g

2, T Fea B

TR WHRRA + 1) + 2 IR 7 21 81 399 9ol T8 ST o 5§ Fohall 81 TF

o1 N o™ I T e 9ga-¥ We; S¥—argasiet (gymnosperms) #

TETET e € e BNl 37 Y HAgER TRIee § e i foki e T €

T2et 11. yedl | S uRaew 3 amiicasla f&uma dfew &t saren #ifm)
gmﬁaﬁ?maﬁm-mwmﬁam%?ma?mahmﬂ
?

IR— IARIUT U1 v URag

W8 9 G e TH Wi T SR F S SRl S eyl %

farda wata Sai o (IR 9F) TETa %1 I8 SR AR (Sequoia) H 370 T

T O {1 e F fria @ % SR T T R Sl R wEa §

TEAAFE ATACHSIATERYUT WAt HEHSR |d (Transpiration Pull Cohesive Force of

Water Theory) ¥ THWR T@Rew frfufaa wroll & €l 8—

1. ATSRAStTERAUT ( aTsiteRstT Reetra Aiger )—ufdl w il ¥ w9 5
A ¥ HORaEY RIS H YN Wisar g faeer g =gear
(Diffusion pressure deficit) f¥® & N B THH FoRaEy 9o THAH 4§
T gRT 9ol el  vgean e @1 Siearsy T | e § fraRa
TR R T THF FOEEy-SEeH U IR 9 WY W TF a6 9 @
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A ) TS F HRUT I eN AR T T Bl ATONCHSIATRUUT
(transpiration pull) & B

2. ST ULRAT ST W 96T (Cohesive Force of Water Molecules)—<il 193% &
T WHST A (cohesive force) Bl B1 T THSA oIt % RO 9ol T 400
AGHYSAE T W o Eftsa & e 3R gue Fearar ot @t @1 dEeE I
¥ FRUT S 1500 WX H9E 9% 98 Gl 2

3. STeT oYt Wisew i @ Wed IS (Adhesion between Water and Cell wall
of Xylem Tissue)—geH S IR iR o1 el % wed o
(adhesion) T 3THYUT Bl 81 I8 S ol WY H TR Y& FC 2
SIS F FRO ST T I T B SR ErEdr ol

XA STOMA

J*~~WATER MOLECULES
TRANSPIRATION

COHESION BY
HYDROGEN
BONDING

ADHESION COHESION AND
ADHESION IN THE XYLEM
; ® Water column is held together by cohesion

® Adhesion keeps water column in place

SOIL

For—avsireaiTeRtuT 3 HROT SIE w1 g F ufvwal 9 ggerr

eSB! YHIfAT H I BRS
Wi ¥ arsiiegei NI H A FRA W D EE A T e—
(1) 9’ SR (External Factors) (/) 37=if&% %R (Internal Factors)!
(1) 9 FRS

1. AIYAUSE W AU AT (Relative Humidity of Aﬁnosphére)—angqu:y;a
F SF B FH T W AT AfeF Bl 81 Mmife edan sty Y
T IS T S HH B S 2 .
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2. WETYT (Light)—NeI¥T % SR TU el &, a90H 3 gfig 2t 2; or: arsiiegsi
F W 9g IR B R A T 9< D TN Y IeieEsH H ¢ FY 8 T 2

3. A (Wind)—arg #! 71 31 39 W amsiregs i <X 3ifees & st 21

4. ATUHW (Temperature)—d¥ & ¥4 J IferF MEar w0 & it ? 3k
AIEIES F T TG A | A9 FH T W A g sty @) 9 @ ek
IS 1 HH B S 2

5. IS ST (Available Water)—aTsurcdsi ht € STel i Iqeteydl W W w3t
R TS A Ve F FH AN W aTSaeEsT G HH o SR D

(@) =% srR=
oferl F EOE, T ) S T WAl o st ) St St €
TSt 3 Ui
(1) el ¥ raeieYr we yReed % o avdieas = S w5 B
(2) 921 Q Tra @il & die % qsft N (ar) a% oResa ¥ e S 2
(3) T F TR B AR GRT 10-15°C qF IUST TEA 2
(4)%%@@%@%@@%%@33@2@%“@%?{%
T 21
T 12. ued ¥ SEad [REN F R iR sre) # s #iRm
IR— TERIET
&R % fqudia Jerm & ufadl T RIERY (cell sap) F FHR e ! fFan =
TARIEUT (Ascent of sap) F&d g We T 1 ¥ aTcHSiHTeREoT
(transpiration pull) % HRT Tl @1 T8 Fefefaa s ¥ yenfer e 8—
(1) E@EST (Cohesion)—3d % STU[3H &% AL NHY)
(2) 3THS (Adhesion)—STel [ T Y T (HU—ZeH ash) ¥ Honl
(3) Y88 A (Surface Tension)—Sicl U it 59 ovaeen ¥ fidf e
S ® Sy fafireard Si@ # Sou a0 Wed (high tensile strength) eH
Fd B Aifeshrd wd Ffefh (tracheids & vessels) TR (capillary) & |9
Y IR ol HIE A E
m13.$%ﬁ@ﬁﬁ%mm%Maazamaﬁmq&mm
?
IWR—TP F AaET RS H HIHEH | 3 F qTgah Wl g St 2
A AT TS gRT STaeifya fFT 9 a1l Yferal 1 A7 3R TR Frfsa w3
fagali =+t it e A & e aﬂgaﬁﬂ'qﬂ(suberinised)mm
(casparian strips) R @S 41 Yferd qerdl & 3Tag a1 31vpstl &1 ufiae U gt faem
(unidirection) ¥ Bl 1 3W: IrET=N (endodermis) @Sl & AN 3R THR
(quantity & type)  VIgTH T Tead ® Frafsm s 21 <« 9 @fel =
ST (epiblema) ¥ &=l aoh FAREARESH (symplastic) Bl B
mmwaam Raga wwfextta aur weien uReew fafexfa @ar 31 sren
|

IR—NZeW UREET (Xylem Transport)—Ui¥ 3T AT 3mevas s& w6 @fe
W9 T8T A W HQ &1 A Wiehg @ Fafsra sraviivo o Wity i g st
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I IRAH T TEAA ¢l IROH FN WA T NNE e H IRaed Thigeha
(unidirection) Xl @1 A de. Ffs & = IR faww g7 ‘Té?& %:I

YAy UREE (Phloem Transport)—YeiTd ERT WHIAE! HlE(eh g Teef
Yftaed B 1 e verdf i Hvervur ufwal gRyerar Tt & fafifa sireq weneif
=1 N & T S (Fre-faw) T WRaed A 21 A 78 | () ik s
(T 3i) T yfrTd iy 3R STATIRAITaR STe e §; FR—or ¥ gfiea
R AT 9eie SN g & AR § Yomeie W § e adl SR I
Fiwsll 7o TE Tl 31 T8 W R fF dedn i ol S wa (FUs-fiw)
F WY a<odl @Al 21 I Toen F govie WA w1 Waea fafesie @
agfesftar (bidirectional or multidirectional) B 21

U2 15. Uyl | YA F RIFERT F 9 Warg tReeqAr #t e S|
IHR— S & TIFI-ARUT $ 19 yarg yRbea-n

T vl (vh) F fawor | gdur frafafa e yare aReseaar 31 el &
YA T, P (sucrose) W IEER TN i Ao el iR e
m?aﬁmﬁ@f%wmf#wﬁﬁﬁaam%lmﬁm o fmfor S
@@ R

T FHaeh H T el ¥ siagsr % yafed 19 @ % FRo 3T gfed Wsa
werdf ¥ 1] oft yafed B T@d 21 98 IR 3T isdl a1 T W HH sl
A A H 3R e 21 I i Pfeemed ¥ e sy vl @ fmtor S @
2, Tofere Wit i el ¥ weRer S A T @1 9 qo I =g e §
M gl & STeeie ygrel ¥ aga 9 a1 Er #R A S 6 SR 37 SRt
1 TATOT T HH 1 Tl 21 9d Il 3 WRefed ¥ 5 SR S & A e
21 T=F o ¥ g Sl WA Fah N GNY TET 9l R 3 THER KA FR
GAIgEeh Hiefh AIed TEdl F Haed g e g

SUGARS LEAVE SIEVE TUBES;
WATER FOLLOWS BY OSMOSIS

O
z o
L7 7

!

SUGAR SOLUTION FLOWS
TO REGIONS OF LOW
TURGOR PRESSURE

!

SUGARS ENTER SIEVE TUBES; = HIGH
WATER FOLLOWS-BY OSMOSIS © TURGOR
PRESSURE

5] | PHLOEM

SUGARS LEAVE SIEVE TUBE
FOR METABOLISM AND
STORAGE: WATER FOLLOWS
BY OSMOSIS

ROOT
-t el & TFrFRoT @t uiRar S smeT yigfan
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WA 16. NS ¥ IRIA WEH R FIRH Go T < @11 & 1 SROT?
IR— areHSiT
Qe F T 9l A I AR S S F STt (transpiration) ed €1 I%
RGN TH (stomata) SR BT 1 SUSH (cuticle) I AR (lenticel) T
EF O 81 T8 187 SR RS (guard cells) | R ga fox 2 21 e 8-
T A9 F I T 56 F AFR R TR 1 A =91 R A TR =g Rl
AT WerEs Il A Rl @l {1 WwF R I § FEw qu gRavas
(chloroplast) YT S} ¥ & gR FIE F e Gag W fafa e 91 9l |
vaeht fafa arclt Bt 21
[GUARD CELLS
TURGID

STOMATA
‘ OPEN
57 N

/e

_ HLOROPLASTS\é
> -.-'::f.'l——-chOPLASM

GUARD CELLS
FLACCID
STOMATA [~
CLOSED ©)

fa-a) wof T (stomata) F T, (B) Geit 3@ a4 (C) =< JHEwm

T F G A 97 O & ER DT W (turgidity) R R @ 2
& T4 RIS Thf et ® @ 0 e 1@ @ SR 9 A v (flaccid) B € o
T < A I 8 TH F G e I @ el A sufe aemrwehier
T F €1 A 39 9§ Hafedd ®a ) aEadl T A & W g @ ©
stk ofs & g 9= & W
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