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1. Khai niém chung

Co thé va mdi trwdng 1a mét khoi thong nhat
Tinh chdng chju v&i diéu kién ngoai canh bat loi
la nhirng phan rng thich nghi dé ton tai va duy
tri ndi giong.

Piéu kién bat loi: Nhiét d cao/thap, thira/thiéu
nuwdc, thira mudifion ddc trong dat, han man.
TV c¢6 tinh chdng chiu ndng, han, rét, nhwng dot
ngot sé chét.
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2. Tinh chdng chiu han cda thwe vat

2.1 Tac hai cua han
C6 3 loai han: Han dét, han khong khi va han toan dién.

- Han khong khi: Nhiét do cao (39 - 420C), dd am thap (<
65%), xay ra dot ngdt, dd am twong dbi cla khéng khi gidm
xudng < 10 - 20%. Cay hut khdng did bu thoat nwdc héo
tam tho.

- Han dat: Bat thiéu nwéc khong du cho ré hat cung cap
cho toan cay. Han dat lam cho ap suat thé,m thau cua dé,\t
tang cao (thé nwéc thap), cay khong thé lay nwdc qua té

bao ré. Han dat co thé gay cho cay héo lau dai.
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- Han toan dién: Khong khi + dat, sw mat nwéc do khéng
khi lam nuwéc trong 14 giam, nong dé dich bao tang. Stre
hat nwoe tir ré cha cay cling tdng nhwng lwong nwdc trong
dat khéng du cung cap cho cay.

Han toan dién thwérng dan dén hién twong héo vinh vién,
cay khéng co kha nang phuc hoi.

Ngoai ra, han sinh Iy do diéu kién ngoai canh khac bat loi:
Nhiét d6 qua thap (trdi lanh), nbng do dung dich dat qua
cao (bon thtra phan, xam nhap man), thiéu O,,
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tai tinh Ninh Thuan

Ién

Han toan d

Hinh 1: Han han tai Ninh Thuan

b
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Nguyén nhan gay han

@én nhan

Chu quan

\

Pha rieng bwra bai A
Loai cay trong khéng ph
ho'p (ca phé > quy hoach)

Quy hoach st dung nuéc,
b tri cdng trinh khdng

phu hop, khdng phat huy
dwoc tac dung.

Lang phi tai nguyén nwéc

gay han

Khach quan

7

)

= Vitridialy ,
= Anh hwéng cia bién dbi

khi hau toan cau
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2.1 Tac hai cua han

- Phéa v& can bang nuwéde anh hwédng dén QH, HH, dinh
dwdng khoang, van chuyén va tich 0y chat hiru co, nang
suat gidm tram trong.

- Trang thai chat nguyén sinh thay doi: gidm dd phan tan,
giam kha nang trwong, gidm tinh dan hoi.

- Protein, acid nucleic bi phan giai, pha hdy sw trao dbi
chat, tich tu chat doéc NH,

 Anh hwéng xau dén bd may quang hop, e ché tdng hop
diép luc, pha huy thylacoit lam cwdng d6 QH giam nhanh

VD: &m do dat gidam < 75%, s0 bong/m?, so hat chac/bdng
va khoi lwong ngan hat déu giam.
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- Hé thdng keo nguyén sinh bi bién ddi manh

PGS.TS. Pham Van Hién



- Qua trinh trao dbi chat bi dao I6n ’
Protein, acid nucleic bi phan giai, pha huy s trao doi chat,
tich tu chat déc NH;

R — CH — COOH R—CH,-COOH + NH,
I

NH,
NADH+H* NAD+

Qua trinh trao doi chat s& bj ddo 16n tir tdng hop chat hiru co

khi dd nudce thanh phan giai khi thiéu nudc
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A Anh hwéng quang
Co ché chong han hop, ST, ning suit
1. Tranh han

- Phat trién doan sinh

- Phat trién déo dai i

2. Chiu han & thé nwéc ciia mé cao
- Gidm sy mat nuéc
+ Khang khi khdng va cutin
+ Giam birc xa hap thu
+ Giam dién tich |a +
- Duy tri sy hap thu nwéce
+ Tang mat do ré va do sau cla ré -
+ Tang sw dan truyén chat 1dng -

3. Chiu han & thé nwéc ciia mé thap

- Duy tri strc treong
+ Diéu chinh thadm thau -
+ Tang tinh dan hoi -
+ Giam kich thwdce té bao -

- Chiu khé han
+ Bén virng clia nguyén sinh chat + 1
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Hoat dong sinh ly bi kim ham




2.2 Co’ ché chong chiu han

» BOn hinh thirc: tron thoat (Escape), tranh (Avoidance),
chong chiu (Tolerance) va phuc hoi (Recovery) hoac la
sw két hop cac hinh thuec trén.

1. Tron han: chin sém la dac trwng chung cho thwe vat
nhom nay. TV & nhém “né han” o thoi gian sinh treong
ngan, 1a nhirng cay doan sinh sdng & sa mac, ching
nhanh chong hoan thanh vong ddi va két hat trwéc khi xay
ra han (1 tuan)
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Thuwc vat sdbng & nhirng sa mac khé han c6 thdi gian
muwa rat ngan trong nam, nén co chu ky sdng rat ngan
tron dwoc han va tinh phat trién déo dai.

A\ Yy

Hinh 2: Sa mac héa Hinh 3: Cay sam dat



2. Tranh han: han ché thoat hoi nwde va tdng cwdng sy
cung cap nwéc khi gap han

Ré& dam sau, diéu chinh sw dong mé& khi khdng, gidm kich
thwdce 14, gia tdng sw xu xi cla té bao biéu bi va I1&p phd

Hinh 4: Cay xwong réng sa mac
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3. Chong chiu han: duy tri chtrc nang sinh ly ciia md TB,
tdng dd nh&t NSC 1am han ché sw mat nwéc.

TV nhém nay c6 kha nang hut nwéce, gitr nwde va st dung
tiet kiém théng qua cac hoat ddng diéu chinh ap suat tham
thau va tinh tham, tang tich Ity hydrat cacbon va cac loai
acid amin, chat dwong.

4. Phuc hoi: phuc hoi lai sinh truéng va phat trién clia cay
trong sau thoi gian gap han.

Cay tranh han va chong chiu han trong diéu kién thiéu
nwéc va phuc héi khi cay trong dwoc cung cap nudece trd lai.
- Té bao co6 kha nang phan rng “siéu cam” v&i nwdc sau
mot thoi gian thiéu nuwéc.

- Mat s6 ré bé mat cao dé nhanh chong hut nwéc khi co

mura
16
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2.3 Hinh thai chiu han cua cay lua

* Bola ngirng sinh treong hoac sinh trvong cham lai dé
han ché sw thoat hoi nuwéec.

- Pong khi khong khi thé nwéc dat thap (%)

 Khang cutin, s hoa sap trén biéu bi tang

« Phién I3 maéng hon, nhiéu 16ng d& han ché sy tich tu
nhiét, han ché sw thoat hoi nuwéec.

« Cubn lai va giam goc do 14, nhw mia, lua, mét [a mam.

« Gidm bé mat bay hoi nwdc cho quan thé nhw 14 ngirng
sinh trwvdng, rung la.

- BO ré an sau, sb lwong ré va mat do r~§ day, giai phau
thay dwong kinh va s6 lwgng mach dan tang.
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Giam kha nang mat nwéc

Paéng khi khdng dé giam thoat hoi nwdc khi gap han. Khi

khéng thwc vat chiu han thwong rat nhay véi thiéu nuwéc
(nhw cay mat c®)

S6ng & sa.mac la thwe vat CAM. Cac cay mong nwdc O sa
mac co the dong khi khéng lién tuc trong thoi gian dai néu
strc hut cua dat qua Ion (40 ngay kg mé stoma)

Hinh: Khi khéng
dong va mo
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Céc thwe vat chong chiu han thuwdng co tang cutin day dé
giam lwvong nwéc bay hoi qua cutin.

Gan chinh Gan bén

< _ Phién la
Cudng la —

Than |

Ldp cutin

( Tébao < gemimae

g et o g’ LOp biéu bi trén
mo giau - B S g 5 §
. Vo e s 4 I

chira nhiéu T £ g h N - ,
diép luc :‘«J.} i ' 1 ; Tl Gan bén chua

Nhu mé | £ Ty P, mach dan co cac
- T., ‘ i 4 - -"’ r] I =~ . "
j },_1} b 3 - te bao nhu mo
e f}'_-‘:l s ’ o
Té bao . g il NS bao quanh
mo xXOp ek A i Y ol _ L B
L - ¥ % Ide T Lop biéu bi dudi
=R T T ST S v‘_.,;_ & hira khi kh;
S T ) s W & 4 —C a I ong
. -\A--c o il Fag k" e g
; z ok fi::i;fr A i J{ va ldp cutin
Khi khong < 5 g o

Hinh 5: Cau tao la véi cutin day
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Van dong la theo hwong song song v&i tia sang toi dé nhan
nang lwong it nhat hodc cé thé cudn 14 lai hay cup 1a xudng.

Hinh 6: La cay van
déng song song
vO'i tia sang toi

20




Hinh 7: La bi vao budi sang va bubi trwa

21
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Giam dién tich |a: La cla ching thuwdng sinh truéng rat
cham khi thieu nwéc, rat nhay cam véi thieu nwédc nén mét
sO la bi rung di hay kho chét

Hinh 8: Sw rung la trén
cay tiéu
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Duy tri kha nang hap thu nwéc

- CO hé ré phat trién manh va phan bd sau xuéng mach
nwdc ngam. SO lwong va mat do ré cling rat cao va ty 1&
ré/than, 14 cao hon nhiéu khi gap han.

- Vé gidi phau: chung c6 so lwong va dwdng kinh mach dan
tang lén dé tdng kha nang van chuyén nwoc I8n than Ia.

Hinh 9: Cay thanh long
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Tang ap suat tham thau va strc hut nudc clia mé bang kha
nang dieu Chjnh tham thau. Cac chat diéu khién tham thau

co thé la mudi kali, axit hiru co, dwong,...tuy theo loai cay

trong
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D06 nhot va tinh dan hoi duy tri & mire cao. Cac protein va
enzym bén virng, khdng bj bién tinh va khéng bi phan huy
lic thiéu nwéce

“www.@hauCanh.vng

Hinh 10: Cay bao bap, xwong rong dw trlr nwdce trong co’ thé 26



2.4 Giai phap chong han

o KV thuat trong trot cai tién trong diéu kién han
— Twoi tiét kiém
— Phan cham tan, hat ngam nuwéc
— Tu gbc, td bac
— T6i luyén hat giong
— X ly bang nguyén to vi lwong

» Chon tao gidng chiu han (CNSH, truyén thong)

27
PGS.TS. Pham Van Hién



Phwong phap t6i hat

giong

Ngam wot hat
gidbng roi phoi kho
kiét va I1ap lai nhiéu
lan trwde khi gieo.

Chat 1am gidm thoat
hoi nwéc va tang kha
nang st dung nwédc

Nguyén td vi lwong

(Cu, Zn, Mo...)

Acid usnic, Usnat
amon, Ac‘etat
phenyl dong

X ly hat truvde khi
gieo hoac phun Ién
cay & giai doan
sinh trwdng
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3. Chong chiu mén

» D6 man ky hiéu S%o (Salinity - @@ man) ) (ppt) la tdng
lwong (gram) cac chat hoa tan chira trong 1 kg nuwéec.

» Nhom cay man cam v&i man (chiu dwoc nf“)ng dd man
0,5%o - <1%o): bo, chudi, nhan, du du, sau riéng, chdm
chom, bon bon, mang cut...

» Nhém cay chiu man trung binh (chéng chiu dwgc ndng
dd man 1%o - 2%o): SO ri, cay c6 mui, 6i, vu si¥a..

* Nhom cay chong chiu kha véi man (chong chiu dwo’c
nong dd man 3%o - 4%o): Mit, xodi, mang cau, na

. N‘hom cay chong chiu tot véi man (chdng chiu dwoc
nong do man 5%o - 6%o0): dwa, sap0, me, nho

29
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D6 mén cla nuwdc dua trén cac mudi hoa tan theo ppt (Viét
Nam)

Nuécngot  Nuéclo  Nwée man

D6 man cla nudc dua trén cac mudi hoa tan theo ppt (Anh-

Tham khao

Mz';']

Nuoc lo Nwée man  Nuoc musi
____

Kiéu nwéc man Ham lwong (ppt)

Nwéc bién 35
D6 mén uéng duorc toi da cho ngudi | 3
P46 man thich hop cho nguoi 0,5 t¢i1 0,75
Sinh vat trong sa mac Nhé hon 15; téi da 25

« Nhé hon 0,75: khéng co rui ro man hoa

, o » 0,75 - 1,5: gidm nang suét cac cay tréng nhay cdm man
Nwoc twgi (doi voi tuoi tieu va E R g6 chah s p e L
cac 1B kign dét dal téi vu) e 1,5-3,5: giam néng sf.:a nhiéu loai cac cay tréng
e 3,5 -6,5: chi cd cay trong chiu man

e 6,5 - 8,0: gidm nang suét cac cay tréng chiu man
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3.1 Giai phap chong chju man

» Clng cod hé thong dé bao ctia méi vwdn cho chac chan
dé tranh nw&c xam nhap vao vwon trong nhirng thang
nwd'c man.

 Du trir nwée ngot trong mwong dé twdi cho cay an trai
trong nhirng thang nw&c man, hoac dw trir trong tui nilon
day va dat dwdi goc cay trong trong nhirng thang nwéce
man.

» Han ché twdi nwde nhiém man cho cay trong khi nong
d0 >2%o. DOi v&i mot sd cay trong man cdm véi man thi
khéng twdi khi ndng d6 man >1%o.

- Giam boc thoat hoi nwée va nhu cau can nwdc cla cay
nén tién hanh tia canh, tao tan, tia b&t hoa va qua trong
giai doan nay.
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3.1 Giai phap chong chju man

« Khdng nén x& ly cay ra hoa trong giai doan nay

» T0 goc gitr am cho cay trong bang 14 rom ra, luc binh, cé
kho, la dwra nuworc, ...

« Tang cuwong bon phan hiru co, lan va Kali, Khdng nén bon
phan co chwra Natri va Clo vi sé tang d6 déc cho cay.

« Co thé‘phun phan bon la co chira K, Ca, Mg, Si giup cay
téng dé khang, tang kha nang c~hiu han, chong choi voi
nhiém man, cirng cay, khong doé nga.

« Trén chan dat nhiém man va co phén thi nén bon loai voi
nung (CaO) dé vira rita man vira ha phén, khédng nén bon
cac loai phan chua nhu super lan, DAP, (NH,),SO,, KCI...
lam cho dat cang chua.

> Phun cac ché pham cé cha cac acid amin nhw Proline dé

tang tinh chdng chiu cta cay trong doi véi man. 32
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3.2 Giai phap chong chju man

+ V&i dat man kiém

- Chira nhiéu Na,CO3, NaHCO; ... c6 pH kha cao,
cay khé sinh trwdng va phat trien.

- Mudi 1am thanh nhirng dom trang xéa nai 1&n trén
mat dat khi troi nang kho thanh nhirng vang trang.

+ Cai tao

- Dung CaS0, 2H,0, CaCO;tach Na* ra khdi keo dat
[KDJ2Na+ +CaS0,.2H,0 > [KD]Ca2* + Na,SO, + H,O

- Na,SO, dé tan, dé bj rira tréi khi két hop véi rira

man. 33
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Hinh 11: X6 can khoé nwdc trén bé mat Hinh 12: s& dung bét da voi
rugng
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+ V@i dat phén

- Trong dat cé nhiéu mudi phen, ham lwgng lwu huynh
I&n, lwong sat (Fe3+), mudi (NaCl) cao.

- Ham lwgng CaCOs; thap, nghéo 1an va chua hodc rat
chua.

+ Cai tao

- V6i c6 tac dung lam giam dé chua, két tia Fed+, AR+ di
dong, cai thién ly tinh cua dat.

Al, (SO,); + 6Ca(OH), =2 2AI(OH); +CaS0O,
- Két hop bon voi voi thdo chua rlra mén thi sé dat két
qua cao .
Bon lan can phai bon s&m va bon lwong nhiéu thi moi

dat két qua cao.
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Hinh 14: Lén ludng

=

Hinh 13: Phau dién dat
phén

inh 15: Bon phan thich heop



3.3 Giai phap lau dai &rng phé véi han han va

xam nhap man

- Tiép tuc dau tv cac hé thdng dé bao, xay dwng hé thdng tudi
tiéu hop ly nham ngan chan xam nhap man, phong chong
ngap lut, d6i pho véi han han kéo dai.

- Tang cwdng nang lwe cho hé thong canh bao va du bao thoi
tiét, khi hau, thay hai van va néng nghiép.

- Xac dinh cac giong cay trong chiu han man, danh gia mire
dd anh hwédng va dé xuat hwéng chuyén dich co cau cay
trong thich &ng.

- Pau tw ngudn kinh phi cho cong tac chon loc, lai tao nhirng
dong/giong cay (cay cd mui, xoai, sau riéng, nhan, chém
chdém...) chdng chiu v&i nhirng diéu kién bat loi cia moi
trwong nhw han, phen, man, ngap.

- Xay dwng cac mo hinh gidng cay trong thich (rng véi diéu
kién bat lgi ctia méi trwdng nham rng pho véi tac dong cla,
bién doi khi hau.



Chapter 7: Stress thuwc vat

sunlight
4. Since chloroplast
1. Light stimulates ﬁ membrane is nearly
photosynthesis and mpermeable to ABA™,
active transport of H* H* + ABA™ the charged ABAT Is
H¥ into the grana, largely imparmeable.
iNncreases stroma pH. \‘Qiﬁ:;h

2 Inalkaline stroma,
ABAsH dissociates.

)

3 ABAsHdiffuses
passively from cytosol
into stroma.

CHLOROPLAST

Stroma
..//\ ABASH
s

ABA- 4+ HT

FIGURE 25.3 Accumulation of ABA by chloroplasts in the light. Light stimulates

proton uptake into the grana, making the stroma more alkaline. The increased alka-

linity causes the weak acid ABA#H to dissociate into H* and the ABA™ anion. The

concentration of ABA#H in the stroma is lowered below the concentration in the

cvtosol, and the concentration difference drives the passive diffusion of ABA«H

across the chloroplast membrane. At the same time, the concentration of ABA™ in

the stroma increases, but the chloroplast membrane is almost impermeable to the

anion (red arrows), which thus remains trapped. This process continues until the 38

ABA *H concentrations in the stroma and the cytosol are equal. But as long 35 o - A
stroma remains more alkaline, the total ABA ;:l:-m:entratiﬁnq[.-iﬂ.f'uH + AB?’L?% h-‘;s' Pham Van Hien
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FIGURE 25.4 Effects of water stress on photosynthesis and
leaf expansion of sunflower (Helianthus annuus). This
species is typical of many plants in which leaf expansion is
very sensitive to water stress, and it is completely inhibited
under mild stress levels that hardly affect photosynthetic
rates. (After Boyer 1970.)



The five groupe of late embryogenssis abundant (LEA] proteins found in plants
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TABLE 25.3

Heat-killing temperatures for plants
Hest-killing
temperature Time of

Plant {c" expasure
Nicotiana rustica (wild tobacco) 45-51 10 min
Cucurbita pepo Squash) 45-5] 10 min
2ag mays gom) 43-5] 10 min
Srassicanapus (rape) 45-51 10 min
Otrus aurantium Sour Orangé) 505 15-3 min
Cpuntia cactus) &5 —
Sermperyivum arachnoideumn 57-61 —

Succulent)
Fotato leaves 425 1 hour
Fine and spruce seedlings 54-55 5 min
Medicago meads alflala 120 30 min
Grape (ripe fruit) &3 —
Tomato fruit 45 —_
Red pine pollen 70 1 hour
Various mosses

Hydrated 42-51 —

De hydratad B5-110 —

Source Afper Tang 11.2 Lot 1980
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(HSF)
FIGURE 25.11 The heat shock factor (HSF) cvele activates

the synthesis of heat shock protein mENAs In nonstressed
cells, HSF normally exists in a monomeric state (1) associ-
ated with HSP70 proteins. Upon the onset of an episode of
heat stress, HSF70 dissociates from HSF which subse-
quently trimerizes (2). Active trimers bind to heat shock
elements (HSE) in the promoter of heat shock protein (HSP)
genes (3), and activate the transcription of HSP mKENAs

Heat shock element

Heat shock protein
ik A

Heat shock
proteins
[HER)

leading to the translation of HSPs among which are HSP70
(4). The HSF trimers associated with the HSE are phospho-
rvlated (5} facilitating the binding of HSF70 to the phos-
phorylated trimers (§). The HSP70 trimer complex (7} disso-
ciates from the HSE and disassembles and dephosphory-
lates into HSF monomers (8), which subsequently bind HSP
reforming the resting HSP70/HSF complex. [ After Bray et
al. 2000.)
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FIGURE 25.12 Heat stress causes a reduction in eytosolic
pH from the normal slightly alkaline value, probably by
inhibiting proton-pumping ATPases and pyrophosphatases
that pump protons across the plasma membrane or into the
vacuole. Additionally, heat stress effects a change in cal-
cium homeostasis inside the cell by affecting the influx of
caleium into the evtosol through either plasma membrane
or vacuolar calcdlum channels, or by action on efflux

AlPases or proton cotransporters. This increase in &y tosolic
caleium leads to the activation of calmodulin (CaM), which
binds to glutamate decarboxylase (GAD) converting it from
the inactive to the active form. Glutamate conversion to =
aminobutyric acid (G ABA) is then accomplished consum-
ing protons in the process and mediating an increase in
avtosolic pH. CAX] and CAXZ2 are transport proteins, ACA:
Ca* ATPase.
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TABLE 25.5

Fatty acid composition of mitochondria isolated from chilling-resistant and chilling-sensitive species

Percent weight of total fatty acid content

Chilling-resistant species

Chilling-sensitive species

Major fatty acids®

Cauliflower bud

Turnip root Pea shoot Bean shoot Sweet potato Maize shoot

Palmitic (16:0) 21.3 18.0 12.8 240 249 28.3
Stearic [ 18:0) 1.2 1.1 2.9 2.2 26 1.6
Oleic (18:0) 2.0 1232 3.1 38 0.6 4.6
Linoleic {18:2) 1.4 20.6 615 436 508 54.6
Linolenic (18:3) 40,4 44.9 13.2 24.3 10.6 6.8
Ratio of unsaturated to saturated

1'T:|trg,r acids 3.2 3.8 38 2.8 T.F 2.1
Ak decae e cacacill sias sca sk & cocaclb ac aill cxdo s abhisoomds Gl o ki acdd dlasde o Bk & ccac ba af e Jlls Lac s
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TABLE 25.6

Properties of seawater and of good quality

irrigation water
Irrigation
Property Seawater water
Concentration of ions (mM)
Na* 457 <2.0
K™ 9.7 <1.0
Ca? 10 0.5=2.5
Mg?** 56 0.25=1.0
o 536 <2.0
80> 28 0.25-2.5
HCO " 2.3 <1.5
Osmotic potential (MPa) =24 =0.03%
Total dissolved salts 32,000 500

(mg L~ or ppm)
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Group lA (halophytes) ncludes sea blite (Suaeda maritima) and
walt bush [Atriplex nummularia). These species show growth
stimulation with CI™ levels below 400 nid.

Group IB (halophytes) includes Townsend's cordgrass (Spartina
xtownsendil ) and sugar beet [Beta vuigaris). These plants
tolerate salt, but their growth is retarded.

Group Il (halophytes and nonhalophytes) includes salt-tolerant
halophytic grasses that lack salt glands, such as festuca rubra
subsp. red fescue (iittoralis) and Puccinellia peisonis, and
nonhalophytes, such as cotton (Gossypiumspp.) and barley
(Hordeum vuligare) All are inhibited by high salt concentra-
tiors. Within this group, tomato (Lxropersicon esculentum) is
intermediate, and common bean (Phaseolus vulgaris) and
soybean (Glycine max) are sensitive.

The species in Group [l (very salt-sensitive nonhalophytes) are
severely inhibited or killed by low salt concentratiors. Incuded
are many fruit trees, such as citrus, avocado, and stone fruit.

46



Apoplast
oH =55

Cybosal
pH ~7.5

eyl
oM =55

FIGURE 25.15 Membrane trarspart proteins ma:'ial:ir.;._:
sodivm, potaiditm, and caldum trarspart during salinity
st SOS1, plaama membrare Na®/H® antiporter; ACA,
plasma/teroplast membrare Cat*-ATPase: KUM STRHIL,
high-atfirity K*-H* @-traraporter; atHKT ], sodivm influx
trarsparter; AKT1, K*_ charmel; NSCC, ron selective
catior channel: CAXlor 2. Ca/H- antiporter; athHX], 2
or 5, endomembrane Na®/ H* antiporter. Also indicated in

the figure are proteird that kave béen implicated in ion
homecestasis, but whose molecular identity is either ot
resently krown or cofirmed inplantt. Thede inchede
plasma membrane and toroplast caldum channel proteirs,
and vacuclar proten-pumping ATPaes and pymphos-
phatzses. The membrare potential difference across the
J:I|.=|-'_r':|.:| membrane is typically 120te 200 mV, regative
irside; acrods the tonoplast O to 20 mV,; posibiveirside. 47
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