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Stomatal and photosynthetic responses of Eucalyptus camaldulensis to drought
stress induced by polyethylene glycol
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Abstract

Plant response to drought stress varies as functions of stress level and duration. The
responses of Eucalyptus camaldulensis to induce drought stress were examined in three levels, each
lasted for seven days, in terms of stomatal opening, photochemical and carboxylation processes. After
each stress level, stomatal response to light (light response function), quantum efficiency of PSIl and
carboxylation efficiency were measured on leaves of non-stressed and stressed plantlets. Under mild
stress, stomatal conductance (g;) increased in response to increasing light intensity (PPF), but at a

lower level than the non-stressed plantlets. When drought stress was moderate, stomatal opening

were limited to narrow PPF range of 0-400 LLmolPPF m_2 s_1, then did not open further at increasing
PPF. Under severe drought stress, stomata closed and showed no response to the increasing PPF.
The increasing drought stress levels had definite effect in reducing gs and gs 4. (@t PPF=0), which
then reduced the net (P,), and the maximal gross (Pn.) photosynthetic rates. Subsequently,
detrimental effects on quantum efficiency and carboxylation efficiency occurred under moderate and
severe drought stress levels. Electron transport rate (ETR) and mesophyll conductance (g,,)
decreased, but CO, compensation point (F) increased. E. camaldulensis has been demonstrated to
show response to the stepwise increase in drought stress levels lasting seven days each. The
measurement of the photosynthesis process at the end of each stress level was able to differentiate
between the stressed and non-stressed plantlets. The pertinent indicators are the changes in the
magnitudes of gs, Js darks Im» F, ETR and ETR/P,,.
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fn P, Iszauguingangonsniiionnuiduugasi
a o i o A
908NGIMEI (1) (Figure  1b) luBnduniis
A Y & & A
PULNANUTUUFILTUAUE A1 g gar HAT 107

2 A1 ¢ K] [ o
mmolH,0 m~ s~ (Table 1) @9fia bainduszan
madathnlulutsiievadlugenfudading

WadunagaaaauTyan1za1ah
a4 e v o .
N12audn (W0 = -70 kPa) anU&a7 7 2% Wuin
U1nludIainauanedfaaINuLTULEINLAY

ﬂgl v 1 = 1 ] (%

FIUIATMABINUNGNAILAN UATTALVBY g,
HA1GININARAATIANNLTULRY AT g gar DA

A -2 -1 {1 o
8aa9ag 62 mmolH,0 m” s Tuwmuenaiin
It nlugigaiads (g, me) aaasfaidun 41%
VOINGUAIVAN  (Figure 1a  Uaz Table 1)
[ d' 1 A A 1 J 1
anmusNiaulafa g JAUNIIIUMINROATI

=3 nl' o o L2 v
wad waaststnlufigevinauladaudrsnnn
LREAAURUBIGEEAINLIAREN Bdu1eladn
) ;| v J v

Tugrausntnludan 9 uaua NN UL
L o v S A oA o
TN IADAT AU ANAN wALlaINWNRINY

AN NT RN Ll aIINand1as Yinldaa
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g}m{wadﬁﬂh}mmmmLM"L@Tﬁu Uhnludaly
snTaaiuduauanudunasnianas
mjumuquvloﬁ’ snnadasdanauadainia
dnstes Walwaassdninamansanaunsiy
sasdluaneinly nasanluldiisarouds
thnlusensuidlanniwlédnlugisnnuidy
Ltaagﬁu
Mstauwauasuastnluainalasaside
A1 E LLam'jﬂJ’mlumuqmé'mwmm{’nﬁ'a
@ifm,iaﬁaﬂmm{']guﬁuwa T mefinansenude

@1 P, LAadatlaanuiduiadinunidszunn

500 UmolPPF m”~ s W&AIIINIZLIBANT
FaaziuaIgnalugudlnauiduuasly
fAuuIN ﬂ'am:gﬂmugwﬁaﬂé'mmwil,ﬁwao
CO, (Figure 1b-c) malazsamiiandyanii:
2195132V WUTNBATIFIATITAURIFIRG
(Prax) NANRART 22% u,a:é’mqmm{ﬁqdq@
(Emax)  8ARY 30% Lﬁmﬁuuﬁumjwmqu
(Table 1) na'tnvasnstathnlulduauas vinld
savuanidsuuiaaaaslurisusniieldsy
amwm‘%mﬁnﬂmimm{ﬂm:é’uﬁvlsjgmm
(Flexas and Medrano, 2002) n1itauauuad
UnluiliiAesanmsidsgadeianasly
FORIWANINNINNITRARIVISATIFIATIZAURS
ans ganalwaUszansnwmsleeia (Wug) §
mga%u (Figure 1d) nmstauauasvastnluds
Junalnusnlunsaauanasdaaniazanasii &
walummmé’mﬁmnﬁuﬁwaaﬁlulﬂ@i’@}aﬁu
é’mwg]mﬁwaaiﬁﬂ‘ﬁ'a@mmsflﬁamazmm{w
I@]m‘ﬁ'é'mﬂé’dLﬂi’]:ﬁuaoﬂ’agﬂm:ﬂuluﬁ@dmﬁ
#aani1 (Utkhao and Yingjajaval, 2015)
@iam"lﬁl,ﬁ'uﬁm's:m@ﬁﬁLiﬂ;jizoﬁ'uﬂ'm

a9 (Wreo = -140 kPa) #aI9INATU 7 1%

wuinludaueussdnilaifisunuaniizana
UNTLAUAT A1 Gogar NANRARIDYN 42
-2 -1 & & A
mmolH,0 m~ s (Table 1) nshnluia
- ¥ 5 . .
LANTUATNAN LT U ULES LG LT I9ULIN TR O-
-2 -1 . & o &
400 UmolPPF m~ s L¥%u %a99ni g, &
' % [ { A 2 1
mmﬁlﬂammﬁagﬁ 75 mmolH,O0 m~ s (MW
i 1a) wiUnluasllawauasnnn watiiasann
o { a &, o a ~
m’mLmuLmaﬁqugwuml%qmﬁgulmww
& P ' o = 4
§9T% (WA Te) RINAlAILIIRIANBinanly
gjmmﬂ (leaf to air vapor pressure deficit,
. L X .
VPDiey) Uazfin E  HANgInauanuidangd
NANTENUUDIRANIZVIAU T WU UNAIILEN
v & 1 1 = =3 U OI
Twanin lusrsandatsanuiungsdl anlu
> ] v a v lg/
FILRAINITNOURWAIGAAUFIN1LNITT ANT19T 1
v v 1 { U Q. J o v
Iaantas uatlaaNUTULEILNNTY HinlR
. vz ooy
a@mmﬂmgwuuazlummammmL'wamu
=4 1 A [ AI &,
Urnludslaizgrursntdan oA N waI U L&
daldlaan udin1inauanaialrunintaila
11nly TasdaraunisnuauninALaad lan1ne
VIO TEAUGNDENTALIY A1 ooy HARIAA
I 75% Waisununguaiuau (Table 1) ¥
148890 (E WAz Epa) H32AU6 #1807
FIATIZAURI (P, LT Pryy) BARINIIZAN g N
aaad lddrnanisunsluanaiinves CO, adud

o { -2 -1 .
AMNTNUEIN 200 WmolPPF m~ s~ (Figure
1b-c Lz Table 1)

BN TEAUANTHITIVBINITIAUN
v 1 Q P=| [-%]
andngazaugage (Vre = -280 kPa) 8n 7 4u
wudthnludauauaaaatiannuidiuues feld
LRAINIINDURUDIADUET A7 Gy HAATRI
2 1 a &
WRBLNEY 15 mmolH,0 m™ s (Ratdudszanm

14% vaIngualIuqa) nand ldirinlueiiay
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fin LLa:LLaa"l&iaﬂuﬁsnﬂs:@julﬁﬂﬁnluLi‘]@f’ﬁu
14 (Figure 1a) §IU6N gomax AARINNNGN
ALQNTa 95% (Table 1) ¥lddanduamzi
W& (P, Uaz P,.) WazeaTanesin (E uas E,.)
°1Jaolugm'ﬁﬂé’aamwuﬁas:é’uﬁﬁq@ TGRERGE
qﬂ%l,‘fluuaﬂ (Figure 1b-c ez Table 1) ﬂ’li‘ﬁllu
SEUNEANNFE R ENTEUIBINTAN8N IF AR
2819310 ﬁﬂﬁqmﬁgﬁlugoq@Lﬁ'w%umnmju
auquiaiay 4°C (Figure 1e)

HANTENUTBIFATzNANdasnin lna
11nly ts'mNa@imﬁaaﬁowwﬁﬁL@la%nnﬁwaa
WIRTULHFUABUFUDIA DRI (Table 1) AN Pra
a@aalunﬂizé’wadmwmﬁﬂ fuoasnela
Tuiisa (Rq) a@ammﬁaam’;:m@ﬁm%iﬁs:ﬁu
gumawhﬁf’u waa9InaNIINAg g8 lulTas
Pt AnT wlasuazd1as (Flexas and Me-
drano, 2002)

szAnsnvnisiguasvasiy
UseENTAWNSITUaI2ad  PSIL wmue
lasuuas (Dpg)  Tenanas luamenoni
{ v a 1 QI J
lnRawd1eBlanasew (ETR)  JaANTuan
ANNTULES (1A 2) Aeldanizenating

seeudn d1 Do, Uae ETR vaslugaALaadl
@h"LsJ'LL@m@iNmaaﬁﬁLﬁaLﬁyuﬁunﬁjwmuqu
(Figure 1f-g waz Table 1) I@ﬂé/(ﬂi’]ma‘auff’m
BLANATOUGIAN (ETR ) HAIAARI 9.2% UFAS
Pluszpzusnitszauvasnisnasiad Unsen
nuasved PSIl vasluganfldaadinsdfinly

Ienfauwinludsn@

ijaamwLﬂ%ﬂ@%ﬁﬂﬂﬁiﬁﬁ@ﬁﬁLiﬂ;ﬁi:ﬁu
tuwnans wunan Opg, e ETR NA1aaas
nTzaunawniiiduagnsnnn (Figure 1f-g)
1861 ETR,. 8984 26.4%
(Table 1) %éﬁmnLN%tyamazm@ﬁﬁnTﬂghzﬁu

awnn@uﬂauqu

AMNTHUTIFIFG Wi dnadnsasdaianas
WsEdLdga (Figure 17-g) A ETRp 8084
58.8% Lﬁal,ﬁyuﬁ'umjwmuqu (Table 1) L&A
IAuinasldaninzanaiiatredatiiasuas
Juuss logadddamunndnfiud jionaan
WRILAAARY FrriaudivnnuLFowIsvad  PSII
29910 Han1INAReIRsIuaaIlELA 1w
Ussansmwmsldussos PSIl fianad 3uAa
Lﬁ'aammﬂ%ﬂ@mﬂmﬁnm{wLﬁﬁgi:ﬁumu
na1d waniEwsaniilawdysniniaIeaann
mw'}m{ﬁs:ﬁugmna wiunulignnszny
muldamwaesinszeuen

gaduvas ETRP, ifluanwiniinasn
X2V AUANNAALUINAVBINTZUIWANTRILATIZR
wsldiduadned wudnen ETRP, vadlugan
aﬂﬁaﬁLN%tyam‘wm%mmnmimm{wﬁmgo
NIMNENAILAN (Figure 1h) Tagmsiaduwas
@1 ETR/P, L’%ML@iu%'mfiatiﬁ;jam’s:mm{w
5:@"’UﬂmﬂmaLLa:Lﬁwgﬁumnﬁs:é’ugmm
FAFIUVDIAT  ETR/P, ARVIINT Y UFNII
wassmas  iliiAanmseaensediinason
LwiQﬂﬁﬁ"lﬂiﬂuﬂi:uquﬂﬂsﬁuﬁvlﬂLﬁimﬁaaﬁ'u
ATTUIUNNTRILATIZAUES  LTU NIZUIUANT
Photorespiration Lazn3yzuIwnNII Mehler-

Peroxidase (Biehler and Fock, 1996)
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Figure 1 Light response curves of (a) stomatal conductance (g), (b) net photosynthetic rate
(Pn), (c) transpiration rate (E), (d) water use efficiency (WUE), (e) leaf temperature
(Tiear), (f) quantum efficiency of PSII (CDPS,,), (g) electron transport rate (ETR), and (h)
ratio of apparent electron transport rate to CO, assimilation (ETR/P,,) in control and

drought-stressed plantlets of Eucalyptus camaldulensis. Values are means * SE

(n = 3).
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Table 1 Summary of parameters of light response and carboxylation measurement of control

and drought-stressed plantlets of Eucalyptus camaldulensis. Stomatal conductance in

the dark (gs gark), Maximum gross photosynthetic rate (P ,.«), light compensation point

(I¢), light saturation point (ls), quantum efficiency (QL),curvature factor (9), dark

respiration (Ry), maximum rate of linear whole-chain electron transport (ETR ,ay),

maximum stomatal conductance (gs max), @and maximum transpiration rate (E.4), CO-

compensation point (F), mesophyll conductance (g,,), and leaf temperature (T c).

Drought stress level

Parameter Mild Moderate Severe o oV
Control value (%)
stress stress stress
oo MMOIH,O M*s™ 1067 +132° 616+ 188% 421+60° 148+19° 662
Prao HMOICO, m?s" 271415  211+06° 128+09° 40%10° 549
|, pmolPPF m”s™ 28+3 29+ 1 34+5 40%15 ns 389
|, pmolPPF m” s 958 £ 71° 603t 85°  359k34°  437fe4™ 7 44T
o, molCO, mol 'PPF 0.063 £ 0.062 % 0.053 £ 0.024 £ 319
0.001° 0.002° 0.001° 0.005°
0 048 £0.08° 077 %0.06" 089%0.02° 068005 * 279
R, HmolCO, m*s” 1.7141017° 1761003 177024 075+010° * 337
ETR, Hmole'm™®s” 158 & 9° 143 £ 4° 116 £ 5° 68+ 8° =304
Oy mae MMOIH,OM*s™ 311 £31° 183 + 6° 79+ 10° 234 7° 768
E e MMOIH,0 m? s 581 0.2° 40t02°  21%02° o06F02° * 636
I, umolCO, molair 69.7t46°  69.9%+21° 998%93 1175+94° 270
g, MMOICO, m?s™  12404101% 1227+29° 729+169° 433%7.1° 423
Tear C 3257 % 33.46 + 3503t 35.08 £ * 4.1
0.44° 0.58% 0.60° 0.25"

Values are means = SE (n = 3). Means within a row followed by the different letters are
significantly different (Duncan’s New Multiple Range test, p < 0.05). **, statistically significant

difference at p < 0.05; ns = non-significant difference at p < 0.05.
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Un@
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Warnzai TwL TN gz

. T
thunansuazszaugiga wuddd I fdgetiu
uNad IR INNNFUAILAY (Table 1)

Q' J 1 v 1 Y A
amnNdusedan I azewilaiiaau
WWonionIaunaiu MnlAeansIaTsAugas
anndrI8a118 AL (Chuennakorn and
. . . é | X 1 >
Yingjajaval, 2007) &slunfisirazidunaansan
FUATZAURINNAAS (WA Ry NITAUANRI)
ANNIAN g, NIZAURARINIY WRAIINTFUN
uwsluianazad CO, ImaAousnn G413
RV AUANVAAUTNAVDINTHILTAR WATFNLUN-
& =3

LUTW LNNLUTUVBIARBLIWANRS LUaniisnny
RilaVIRLATNN HANITNARBITITTALIWIN
RNNITVIAUNFINANTENUADNTZLIBNITAT
co, waslugmadamiialianiizanatiiaud
serauthuwnanaiduauly ag19lsha nszuawnnsg

& A o A = Y ' @
arsuandiatuiianasih dyliamunsaszyldin

I3 =) A
Huanuiamevasrzuulasass (per se) w3e
LAANNNNTTLROAIVBININTEUIBNNTNRUL DS
ANNNTTIRIVDID ATV BFIUTILALFITOIRT
nnmstanauradtnly Wesnsngaased la
anafRaudny (translocation) luriearnsladn

o v dl' 6 v
M IANIILARakaaNINNARE LIWANRAT 189 11

e NIz eaUNaU (feedback) 9FINE b
803173039 CO, aaaIaw 1y

a7l

HANNINARBILEA lEINNTINaaIaA1L
2A1NVINNLlAEMITNTNGIE PEG 6000 Uas
Lﬁm:@”ﬂmm;umwaaamawmﬁﬁﬁa:ﬁy’u
%aém%’uﬁuﬂﬁﬂgmﬁﬂé’ﬂ% 3 4% ez 7 Tu
RIUNTDIANANTENUABNTEUIWA NNV DATY
vasluganddanlataian lasdsziduanmaia
Wisuifisunalninlufieeusuasdouss (3a
LWUABURUBIABLEY) LAZIANITTUIUNITANS-
vanGiatu (Jaidunauanasda CO,) valuiile
awuq@mﬂﬁama:mm{wLL@i@x‘*ﬂgu NAaNIENUGa

ATTUIWBNITRILATIERURILAALT UR 1A UAITE
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70 kPa) lwltnalnlunsUawauasvasdinly
~ ' a ~ o a 2 o
N9 D E9LA LD L'waa@amwmmmmaﬂulﬂm}a
AUdaTgainfanaizesnn nMIaaaIvede g
RINA IR AIIFILATIZHLAILATA LY a9l
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d' 1 U s =S

fganin mylmmuﬂmnmamgmnﬂmw:
1 =1 1 >
doin (WPreo = -140 019 -280 kPa) wuinaasn
RILATIZALFILAZAN I UIAARIDLIININATNNTT
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(NMINARIVDIAT g, Wz LRNT w096 I
wSaunuMIanadvadlszanTnwnsltuasvas
PSIl (N138aadvadan ETR Wzt u s
f1 ETR/P,)
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