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Photosynthetic Capacity and Effect of Drought on Leaf Gas
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ABSTRACT

Photosynthetic capacity, water-use efficiency and nitrogen-use efficiency were compared between
two different rubber clones, PB 260 and PB 217. Plants were grown in3gatirin a greenhouse at
Clermont-Ferrand, France under controlled condition. Nej &3imilation rate at 1800 ppm O
(A1g00 and at 360 ppm C£(Azgg), maximum carboxylation rat&/{na5, €lectron transport capacity
(Imax and nitrogen-use efficienc¥\{godNa Azsd/Na, VemaxNa and JmadNg) of clone PB 260 were
significantly higher than those of clone PB 217. However, the dark respiratioRgjateé ratio of light-
saturated rate of electron transport and maximum rate of carboxylitigVemay, leaf mass per area
(M), leaf nitrogen conteni\y,), leaf nitrogen per aredlf), water use efficiencyYUE), SPAD value
(SPAD) and chlorophyll fluorescence ratie {F,) were non- significantly different between these
clones. Effects of drought on leaf gas exchange rates was also studied..Ness(D@lation rateA),
stomatal conductancgd and transpiration rat&) showed a declining curve as a function of increased
water stres8VUEwas high under severe stress, due to a more rapid decrédbaih. At 14 days after
stress, gandE decreased by 80-85%, white decreased by 60-70%. Drought also reduced leaf water
potential, which was possitively related to stomatal conductance. These results confirmed the potential
genotypic variability of some photosynthetic traits under non-water-limited condition and stomatal
behavior related with hydraulic properties during water stress in rubber trees.
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INTRODUCTION plantations toward non-traditional zones

characterised by soil and climate limitations e.g,
Rubber is a major plantation crop coveringNortheastern Thailand (Intraskeft al, 1992;

9.76 millions hectares worldwide (RRIT, 1999). Manmeunet al, 1993; Prasertsuk, 1997) India
Due to lack of available land and competition with(Rao et al, 1990; Krishnaet al, 1991;
other crops, many countries tend to extend rubbeChandrashekar, 1997; Chandrashekat, 1998;
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Vijayakumaret al, 1998) Indonesia (Karyu@it  response curves to light and €@mong twelve
al., 2001). Severe growth reduction and longerubber clones. However, differences in leaf
immaturity periods due to soil moisture stress hagphotosynthetic capacity in rubber have never been
been reported (Wichitchonchai and Manmeun,related to anatomical or biochemical characteristics
1992; Manmeustal, 1993; Chandrasheketral,  e.g.,leafmass-to-arearatio, nitrogen concentration,
1998; Vijayakumaret al, 1998) under such orleaf grenness. To present knowledge, nitrogen-
conditions. In order to assess and forecast rubberse efficiency has never been compared between
performance in these environments, betterubber clones.
understanding of tree functionning is required. Under water stress conditions, very low
Particularly, the ability of trees to assimilate carbonstomatal conductance (Chandrashekat, 1998)
should be assessed. It is well kown that canopynd severe inhibition of photosynthesis and
architecture and the associated microclimatetranspiration (Krishnat al, 1991) were reported.
responses to environmental conditions, sourceNet photosynthesis and stomatal conductance
sink regulations of photosynthetic performance atshowed a sigmoid shaped declining curve as a
the whole plant scale, and long-lasting effects offunction of increasing water stress situations
carbon partitioning and soil-plantinteractions under(Ceulemanst al, 1983). Leaf water potential,
field conditions are of paramount importance inleaf resistance and trunk diameter changed
determining plant growth and yield (Peng, 2000).according to soil moisture status (Resnik and
However, a better knowledge of leaf photosynthetidMendes, 1979). However, gas exchange parameters
activity and water- and nitrogen-use efficienciesduring drought cycle of rubber are still poorly
remains necessary to understand differences idocumented. In particular, some gas exchange
growth and yield between plant species or betweeparameters have never been correlated with leaf
clones of a given species. Most models used tavater potential.
simulate assimilate acquisition at plant scale require Clonal variations were evident in yield and
the description of gas exchange activities at leafyield components and associated physiological
scale (Sinoquett al, 2001). parameters in response to soil moisture status and
In rubber tree, only a few studies have meteorological factors (Rabal, 1990). However,
already compared leaf characteristics such asomplex regulation of rubber biosynthesis and
photosynthetic capacity and water- or nitrogen-latex flow made it difficult to directely relate yield
use efficiencies between clones exhibiting differentto leaf photosynthesis. Low dry rubber yield was
growth rate and latex production. Samsuddin andissociated with high plugging index and low initial
Impens (1978a and b) showed that netflow rate of latex in dry season (Devakuretal,
photosynthesis-light response curves, stomatal988; Raoet al, 1990). Such parameters were
conductance and water-use efficiency differedclosely linked to phloem turgor pressure and
among four rubber clones (GT 1, PB 5/51, RRIMdepending on stomatal conductance therefrom
600, and Tjir 1) under laboratory conditions. (Chandrashekar, 1997).
Correlation between photosynthetic rates and yield The objectives of this study were (1) to
over five years was found by Samsuddinal compare the leaf photosynthetic capacity, stomatal
(1987). Differences in net photosynthesis-lightconductance, leaf mass-to-area ratio, nitrogen
response curves among clones under fielcconcentration, leaf greeness, and quantum yield of
conditions have also been reported (Ceulerains energy conversion by photosystem Il between two
al., 1984). Recently, Nataraja and Jacob (1999)ubber clones (PB 260 and PB 217) exhibiting
found significant differences in photosynthesisdifferences in growth rate. Differences in leaf
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water-use and nitrogen-use efficiencies were alstiumidity ranging from 73 to 84 %) (Figure 2). Six
tested. (2) to investigate variation of leaf gasplants of each clone were separated into 2 groups,
exchange parameters during drought stress. (3) tice. control and stress. Control plants were daily
correlate some leaf gas exchange parameters withiatered, while stress plants were not watered
leaf water potential. during 14 days (drought cycle).

MATERIALS AND METHODS 40

Plant material

The experiment was conducted with two
rubber Hevea brasiliensidMuell. Arg.) clones,
PB 260 and PB 217. When grown together in the
field, the growth of PB 260 was higher than that of
PB 217 (average growth at 1 m from soil at 5 years
were 46.4 and 43.2 cmrespectively) (RRIT, 1993). 0 ' ' '
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Figure 1 Variations in yield of rubber clone PB Figure 2 Typical daily variationsin environmen-

260 (close symbols) and PB 217 (open tal conditions in the greenhouse (air
symbols) during the tapping year. Data temperature, a; air relative humidity, b
are derived from a field trial in Malay- and Photosynthetic Photon Flux Den-

sia (source: CIRAD). sity, c).



114 Kasetsart J. (Nat. Sci.) 38 (1)

saturating flash, respectively) was used as areliable

Photosynthetic capacity estimate of@y, i.e., the quantum yield of energy

Net CG, assimilation rate A), stomatal conversion by photosystem Il P8Gentyet al,
conductancegg), and CQ partial pressure in the 1989).
substomatal space€£i] were measured with a
portable photosynthesis system model Li-6400Leaf mass per area, nitrogen and leaf greenness
(Li-CorInc., Lincoln,NE, U.S.A.). Measurements Leafgreenness was measured on the leaflet
were made on ten fully expanding leaves for eaclusing a SPAD-502 Chlorophyll Meter (Minolta
clone from 20 July to 2 August 2000. The key Camera Co., Ltd., Japan).
parameters of the Farquhar photosynthesis model The area of each sampled leaf was measured
(Farquhaetal.,1980; version proposed by Harley with aleafarea meter (Delta T Devices, Hoddeston,
et al, 1992) were determined for each leaf.AAn  U.K.). Leaves were dried in the oven (48 hours at
Ci response curve measure®BFD=900umol/  65°C), and leaf dry mass was measured. Total leaf
m2/s was used to infer the best fit value of maximumnitrogen concentration was determined with an
carboxylation raté/cmax and electron transport elemental analyser (Carlo Erba Instruments,
capacitymaxby non-linear least squares regressionMilano, Italy).
(SAS Inst. Inc., 1990). For each response curve,
eight measurements were acquirég< 100, 35, Drought effect on leaf gas exchange study
30, 20, 15, 10, 7.5and 5 Pa). A 10-min equilibration A, gs and transpiration rateE) were
time was allowed before any measurement. Valuemeasured with a portable photosynthesis system
of leaf dark respiratiorRy were estimated by modelLi-6400 (Li-CorlInc., Lincoln, NE,U.S.A.).
measurements of the G@volution rates after 20 Continuous measurements were ramdomly made
min in darkness. During-C; responses anBy  on 6 fully expanded leaves of each treatment every
determinations, leaf temperature and air wateday after drought started (2 leaflets/plant). For
vapour pressure deficit at the leaf surface weresach leaf, measurement was doneRfED = 900
28.5+ 0.4°C and 1.2+ 0.2 kPa, respectively. A pmol/m?/s. Leaf temperature and air water vapour
detailed description of the version of the Farquhaipressure deficit at the leaf surface were maintained
photosynthesis model used is given by Hadey at 28.5+ 0.4°C and 1.2+ 0.2 kPa, respectively.
al. (1992), and model primary parameters includingWater use efficiency was calculated frAufevided
the kinetic constants for Rubisco were tabulated aby E. Midday leaf water potential was daily
in Le Rouxet al (1999). measured on one leaflet sample per plant with a

pressure chamber during drought cycle.

Chlorophyll fluorescence measurements

Chlorophyll fluorescence was measured RESULTS
with a portable fluorometer (PAM 2000, Walz,
Effeltrich, Germany). Measurements were madePhotosynthetic capacity
at predawn (around 4 AM) and at maximum solar Net CO, assimilation rates at 1800 ppm
elevation (around 2 PM) on the leaves for whichCO, (A1gg0 of clone PB 260 (25 2mol COy/m?%/
the parameters of the photosynthesis submoda) was significantly greater than that of clone
were determined (i.e., 10 leaves per clone). Th@B217 (21.2umol COy/m?/s). At 360 ppm CQ
chlorophyll fluorescence ratioF/F' i, (AF =F' 1,  Aggowas approximately 38.8% and 40%2qgqg
- Fs, whereFg and F',; were the steady state for clone PB 260 and PB 217, respectively (Table
fluorescence during photosynthesis and during d). Detectable differences between the two clones
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were found in the responseto Ci (Figure 3). At umol CO,/m?/s) and PB 217 (1.Q8mol CO,/m?2/
high Ci, the value oA was saturated at 26 and 23 s).
umol CO,/m?/s in PB 260 and PB 217, respectively
(Figure 3, see model). Chlorophyll fluorescence
The maximum carboxylation rat¥{max Chlorophyll fluorescence was not
and electron transport capacify,g,) of clone PB  significantly different between these clones. At
260 (53.96 and 147.6dmol CO/m?/s) were predawnAF/F ., predawn was 0.8429 for clone
significantly greater than those of clone PB 217PB 260 and 0.8435 for clone PB 217, and at
(41.02 and 110.9gmol CO,/m?/s, respectively) maximum solar elevationF/F’ ,, afternoon was
(Figure 4, top panel). The ratio betwelpyand  0.7276 for clone PB 260 and 0.7342 for clone PB
VemaxWas not significantly different between PB 217, respectively. The chlorophyll fluorescence of
260 (2.78) and PB 217 (2.80) (Figure 5). both clones was higher at predawn than at maximum
The dark respiration rate was not solar elevation (Table 1).
significantly different between clone PB 260 (1.06

Table 1 Net CQ assimilation rate at C£1800 ppmA;ggo(mol CO,/m?/s) or measured at GA60
ppm, Azgo (umol CO/m?2/s); dark respiration rate,qRumol CQO,/mé?/s); quantum yield of
energy conversion by photosystem Il at predawn (4.00 A.MB/H ., predawn) and at
afternoon (2.00 P.M.)AF/F' 1, afternoon); water use efficiencWUE (umol COy/m mol
H,0); leaf nitrogen concentratioN,,(%); leaf mass per aredq (g/mP); leaf nitrogen per area
N (GN/m?) ; leaf nitrogen use efficiency expressed as net&Gimilation rate divide by,
at CG 1800 ppmA1godNa (umol CO/gN/s) and at C@360 ppmAgedNa (Lmol CO/gN/
s); leaf greenness, SPAD (SPAD unit) of two rubber clohstafdard error of mean n=10).
p is significant level.

Parameters PB 260 PB 217 p

Photosynthetic capacity

A1800 25.19+0.66 21.2%#0.48 0.0001
Asgo 10.26:0.46 8.230.42 0.0001
Ry 1.06t0.01 1.030.09 0.83
AF/F'  predawn 0.48260.0023 0.84350.0043 0.90
AF/F’ , afternoon 0.7270.0126 0.73420.0129 0.70
Water use efficiency

WUE 5.06t0.26 5.3@0.22 0.50
Nitrogen concentration

Nm 3.4#0.15 3.150.05 0.07
Ma 51.52+2.01 55.4%1.94 0.18
Na 1.77#0.08 1.740.05 0.71
SPAD 52.3%2.19 48.421.29 0.14
Nitrogen use efficiency

A1800N, 14.43:0.85 12.290.47 0.04

A360MN, 5.9140.43 4.750.25 0.03
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Leaf mass per area, and nitrogen, nitrogen use
efficiency and leaf greenness

Leaf nitrogen concentratiolNf,) and leaf
nitrogen per area\) for PB 260 (3.47 % and 1.77

PB 260 measured

PB 217 measured
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Figure 3 NetCQ assimilation rateX) and inter-
cellular CGQ concentration ( response
curves of two rubber clones. Measure-
mentwas made on 10 leaflets per clone
Lines are fitthrough the data from equa-
tion y= a (1-e%) + ¢ (Nataraja and
Jacob, 1999).

NS

HH

Jmax/Vemax

PB260 PB217

Figure 5 Comparison the ratio of light-saturated
rate of electron transpakhaxand maxi-
mum rate of carboxylatioNmax be-
tween the two rubber clones. Means
(n=10) and confidence intervals are
presented (NS: non-significant at level

p=0.05).
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gN/m?) tended to be greater than for PB 217 (3.15
% and 1.74 gN/@) but were not statistically
different (p=0.07 and 0.71, respectively). Leaf
mass per aredl,) was not significantly different
between the two clones. However, clone PB 217
(55.41 g/m) tended to have a higher weight
per area than that of clone PB 260 (51.52%/m
(Table 1).

Leaf nitrogen use efficiencieNUE)
expressed as ratio between net,@Ssimilation
rate and\; (A150dNa andAsegNg) for clone PB
260 (14.43 and 5.91umol CGO,/gN/s) were
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Figure 4 Comparison of maximum rate of car-
boxylation ¥cmay, light-saturated rate
of electron transportJfay(upper
panel), and nitrogen use efficiency ex-
pressed ag.ma¥Naandlna/Na (lower
panel) between the two rubber clones.
Means (n=8) and confidence intervals
are presented (*: significant at the level
p=0.05, **: significant at the level
p=0.01, ***: significant at the level
p=0.001).
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significantly greater than for clone PB 217 (12.29 —0— pB217 conirol —@— PB217 stress —O— PB260 control —B—PB60 stress
and 4.7591umol CO,/gN/s) (Table 1). 12
NUE expressed a8:ma{N5 for clone PB ~ 10 7
260 (31.22umol COy/gN/s) was significantly
greater than for clone PB 217 (23880l CO,/
gN/s).JmaxNgof PB 260 (85.2@umol CO)/gN/s)
was also significantly greater than clone PB 217
(63.90umol COY/gN/s) (Figure 4, bottom panel).
Leaf greenness measured by SPAD was 300
not significantly different between clone PB 260 250 -
(52.4 SPAD unit) and clone PB 217 (48.4 SPAD . 2 A W
unit) (Table 1). 150 4

-1

A (umol CO,m™2s

100 -

gs (mmol HZOm'zs'l)

Water use efficiency

Water use efficiencyW/UE) was expressed
as the ratio betweeksggandE (AzgdE). In non- 3
stress conditionWUE was not significantly
different between clone PB 260 (500l COy/
mmol H0) and clone PB 217 (5.30mol CO,/
mmol H,0) (Table 1).

E (mmol H,0m?s™!)
&
1

Drought effect on leaf gas exchange .
A, gsandEvalues during 14 days of drought 0 2 4 6 8 10 12 14 16
cycle are shown in figure 6. Daily variationsin
andgsin control plants were similar in both clones.
However,gs and E in PB 260 (202-252 mmol Figure 6 Net CG assimilation rate (a), stomatal

Day after stress

H,0O/m?/s and 2.0-2.6 mmol $OH,O/m?/s, conductance (b) and transpiration rate
respectively) were greater than in PB 217 (94-157 (c) of the two rubber clones during
mmol HO/m?/s and 1.1-1.7 mmol $D/né/s, drought cycle compared with control.
respectively). In stressed plantg,and E were Data points are the mean of 6 measure-
generally high during 4-5 days after stress. But, ments.

ande decreased daily from 5 days of stress until 14
days of stress. At the end of drought, cyglepf ~ compared to the control plant for PB 217 and 30
PB 260 and PB 217 were 31 and 20 mmgDH % for PB 260. However at the end of drought
m2/s respectively, whil& of PB 260 and PB 217 cycle, the results showed simis¢2.8umol CO,/
were 0.38 and 0.24 mmobB/m?/s, respectively m?/s) in both clones (Figure 6).
(Figure 6). Water use efficiencyy UE) during drought
Avalues in control plant were greater in PB stress is shown in Figure 7. In the control plants,
260 (7.9-9.8umol CO,/m?/s) than those in PB217 WUE had no specific trends during the drought
(7.1-8.2umol CO,/m?/s). For stress plants,of  cycle ranging from 3.1-7.@mol CQO, / mmol
both clones was nearly constant during 6 days aftef,O. In stress plantVUEincreased progressively
stress, and began to decrease at 7 days after strekem 7 days after stress. At the end of drought
At 11 days after stres8,decreased by 70% when cycle, WUE were 9.4 and 10uimol CO,/ mmol
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H,0 in PB 260 and PB 217, respectivelyUE  Nugawelaet al, 1995). Thus it is possible to use
increased 255 % when compared with controlvariations of the single-leaf net photosynthesis
plant for PB 217 and 300 % for PB 260 (Figure 7).and light response as a screening tool among
Leaf water potentiall\WWP) in the control  clones (Samsuddin and Impens, 1978b).
plants of both clones ranged from — 0.7 to —-1.3 The Ry in this experiment was not
MPa. In stress plarit)WPdeclined progressively significantly different between clone PB 260 and
with time after stress. WP of PB 260 was -1.27 clone PB 217. In contrast, Nugawelzal (1995)
MPa before stress and it was —2.1 MPa after 14howed that thdRy was significantly different
days of stressLWP of PB 217 was —1.7 MPa
before stress and it was —1.95 MPa after 14 days 6fo—rs217 control —8—PB217 stress —0— PB260 control —li— PB260 stress
stress (Figure 8). 0
Positive correlation betweap and LWP
was found in both clones. However, this correlation
was weaker in PB 217 than in PB 260. From the
equations, stomata would be closgg=0 mmol
m-2s1) whenLWP reached —2.3 MPa in PB 260
and reached —2.2 MPa in PB 217 (Figure 9).

Leaf water potential (MPa)

DISCUSSION

Days after stress

Photosynthetic capacity
The significant variations iy gggandAggg ~ Figure 8 Leaf water potentiadf the two rubber

observed in two clones indicated an important clones duringa drought cyclecom-
genetic variability in photosynthetic capacity pared with control. Data points are the
among rubber clones as previously reported mean of 6 measurements.
(Natarajaand Jacob, 1999; Ceulenetied, 1984;
O PB217 [ ] PB260 = = = ' Linear (PB217) Linear (PB260)
—O— PB217 control —@— PB217 stress —}— PB260 control —@i— PB260 stress 0
- y=0.0068x - 22252 (PB217)
12 £
=) R’=0.3425 0
S 10 T = 4 00 %o e ge
::N g o
= | 2 . B
g * g d
£ 5 o o
3] — < 2 - Cl . *
§ é & (PB 260)
] 4 5 y=10.0052x - 2.2876 (PB
; 5 3 : : R0842
0 T T T T T T T 0 50 100 150 200 250 300

Stomatal conductance
Days after stress (umol/m?/s)

Figure 7 Water use efficiencygf the two rubber Figure 9 Relationship betaween leaf water po-
clones duringa drought cyclecom- tential and stomatal conductance dur-
pared with control. Data points are the ing a drought cylel for the two rubber
mean of 6 measurements. clones.
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among ten genotypes contrasting in yield potentialclones.

TheRyof clone PB 217 (1.08mol/m?/s) obtained Chlorophyll fluorescence was used to

in this experiment was lower than those reportecestimate the maximal quantum vyield of PSII

by Nataraja and Jacob (1999) (2i480l nT2s1). photochemistry in dark-adapted cedar needles and

The reason could be that the experiments differethe quantum yield of PSII electron transport in the

in microclimate conditions. HowevekandRjof  light (Epron, 1997). The maximum quantum yield

rubber leaf were affected by other plant factors(AF/F’ ), indicating the efficiency of excitation

such as leaf age (Samsuddin and Impens, 1979knergy captured by open photosystem Il reaction
Although, leaf nitrogen concentration center, was not significantly different between PB

usually varies according to plant species,260 and PB 217 cloneBv/Fm of rubber in the

nevertheless leaf photosynthetic capacity isstudy was similar to value reported in the other

strongly correlated with leaf nitrogen on botf, plants i.e., cedaCedrus atlanticandC. libani)

andNg (Reichet al, 1991; Wilsoret al,, 2000). In  (Epron, 1997) and Quercssiber L.(Fariaet al,

the experiment, théM, N, and N were not  1996).

significantly different between clone PB 260 and

clone PB 217 whereas significant differencesA, A-Ci curve, Vcmax, Jmax and Nitrogen

were found inA. However,N,, and Ny in high  concentration

photosynthetic capacity clone (PB 260) were higher A, A-CiresponseVemax Jmaxand NUE

than that of low photosynthetic capacity clone (PBwere greater significantly differentin PB 260 than

217). This could not showed correlation betweerthose in PB 217 whil&; and SPAD were non-

A and leaf nitrogen in each clone because of &ignificantly different between these clones.

small number of leaves and a little diffence in leafHoweverN; and SPAD of PB 260 tended to be

nitrogen concentration. higher than that of PB 217. To obtain a correlation
Water-use efficiencyWJUE) is defined at betweenN and the main parameters of Faquhar

the leaflevel as ratio of photosynthetic carbon gairmodel such a¥¢max Jmaxlike Le Rouxet al

to transpirational water lossME) based on a (1999) indicated that noumerous rubber clones

general expectation that increas®dlJE is  should be added and varied in leaf nitrogen

associated with increased carbon gain and biomasoncentration.

accumulation (Donovan and Ehleringer, 1994).

However theVUE obtained in non-water limited Drought effect on leaf gas exchange

condition was non-significantly different between A andgs of rubber tree was found to show
PB 260 (5.06umol CG,/ m mol HO) and PB 217  a declining curve as a function of increasing of
(5.30umol CGyY m mol H0) clones. water stress. The result was similar with to RRIM

The chlorophyll meter (SPAD) provides a 701, PR 107 and FX 25 clones (Ceulemetre.,
simple, quick and nondestructive method t01983). Stomata function was closely related to leaf
estimate leafN status. There was a linear water status similar to other species e.g., avocodo
relationship between lea concentration on a (Chartzoulakiset al, 2002), walnut (Cochareit
dry-weight basisNg,,) with the chlorophyll meter al., 2002), olive (Gioricet al, 1999).
r2=0.51 when made on the flag leaves of rice (Peng In severe stress conditioss more rapidly
et al, 1993). However the SPAD value in this decreased thamA (80-85% and 60-70%,
experiment showed non-significant differencerespectively). ConsequentiyWWUE is generally
between the two rubber clones, indicating that thenigh under stress conditions when calculated from
leafN concentration was nearly the same in thesé\ devided byE.
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From the relationship between leaf water Research and Development Institute (KURDI)
potential and stomatal conductance, stomatal woult&Kasetsart University, and Rubber Research Institute
be closedto zero when leaf water potential reachedf Thailand (RRIT).
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